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Figure 1. Pactial structure of DE-310.
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Figure 2. Chemical structures of DX-8051 and G-DX-8051,

and 038 ng/ml of free doxorubicin for 1 mL buman
plasma.

We have recently reported HPLC methods for the
determination of DX-8951 in mouse and human plasma
using a fluorometric detector {Oguma er al, 2000,
2001a). The LLOGs of DX-8951 were 3ng/mb for
100 uk. of mouse plasma and 0.2 ng/mi. for 500 uL
of human plasma. It is thovght that the sensitivity of
HPLC is not adeguate to analyze tissuc samples, and
the total analysis time is relatively long. Furthermore,
we have developed an LO/MS/MS method for the
determination of DX-8951 in human plasma (Oguma
et al., 2001b). It is suggested that the use of this L{/
MS/MS method enables the chromatographic run
time to be reduced, and is applicable for analyzing both
released free drugs and conjugated drug in tumor
tissue.

In this study, enzymatic digestion was used to treat
saroples for the analysis of a polymer-bounded com-
pound in method 1. We report here that enzymatic
digestion with thermolysin is a very useful method for
the determination of polymer-bounded compounds
such as DX-8951. Our data suggest that phenyialanyl-
glyeyl-DX-8951 is released {rom conjugated DX-8951
after enzyme digestion. In addition, the peak arcas
derived from phenylalanyl-glycyl-DIX-8951 are propor-

Copyright © 2004 John Wiley & Sons, Ltd.

tional to the concentrations of conjugated DX-8951.
This tendency permits the determaination of conjugated
DX-8951 in biological samples. For the determination
of free drug (not conjugated), it is suggested that two
major compounds, DX-8951 and G-DX-8951, are re-
leased from conjugated DX-8951 by lysosomal enzymes
of cathepsins in tumor tissue. In this paper, we describe
methods for determining DX-8951 and G-DX-8951
(method I}, and conjugated DX-8951 {method 1) levels
in tumor tissue by LC/MS/MS. The validations of these
methods arc also described.

EXPERIMENTAL

Chamicals. DE-310, DX-8951 and G-DX-8951 were
synthesized at Daiichi Pharmaceutical Co., Lid (Tokyo,
Japard.  D91-7117,  (98)-9-ethyl-2 3-dihydro-9-hydroxy-4-
{(isopentylaminoymethylj-1 H,2H -benzof[de|pyrano{3',4":6,7}
indolizino[1,2-flquinoline-10,13(9H,15H y-dione, was synthe-
sized by Daiichi Pharmaceutical Co. Ltd (Tokyo) and used as
an internal standard (IS). The methanol used was HPLC-
grade {Wako Pure Chemical Industries Ltd, Osaka, Japan).
The thermolysin used was biochemical-grade (Wako Pure
Cheruical Industies Lid, Osaka, Japaun). All other chemicals
were of analytical reagent grade and nsed without purifica-
tion. Water was purified by the Milli-Q system (Millipore,
Milford, MA, USA).

Equipment. The chromatographic system comprised Waters
2793 Separation Modules (Waters, Milford, MA, USA) and 2
Symmetry C;y, column {150 x 4.6 mm id.; Waters, Milford,
MA, USA). The columa temperature was kept at 45°C.
The mobile phase for method I was an isocratic elution of
methanol-0.1vol% trifluorcacetic acid {2:3, v/v). The mobile
phase for method If was an isocratic elution of methanoi-
0.1vol% trifluoroacetic acid {911, v/v). The flow rate was
0.8 ml/min. An APL4000 mass spectrometer {Applied
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Biosystems/MDS Scicx, Concord, Canada) cquipped with an
atmospheric pressure chernical ionization {APCYT) source was
used. The mass spectrometer was operated in the positive-ion
detection mode.

The lemperature of the heated nebulizer was set at

500°C. The needie current was set at 2 gA. Nifrogen gas was
used to obtain collision-induced detection {CID). The mass
spectrometer was operated in the multiple reaction monitor-
ing (MREM) mode. fons were detected by monitoring
decay of the m/z 436 precursor ion to the m/z 419 product
jon for IXX-8951 [collision energy —40 V; Fig. 3(F) ], the decay
of the m/z 493 precursor ion to the m/z 419 product ion for
G-DX-8951 {collision energy —40V; Fig. 3(11}], the decay
of the m/z 640 precursor ion to the m/z 493 product ion
for phenylalanyl-glyeyl-DX-8951 [colhqmr' energy —45V;
Fig. 3(1fI)], and the decay of the m/z 488 precursor ion to the
miz 401 product ion for D91-7117 [co n energy —40V;
Fig. 3{1V}}]. Peak arcas for all componenis were aufomat-
ically integrated by using Analyst’™ software, and peak-area
ratios {area of analytes/area of IS} were plotted vs concen-
tration by weighted linear regression (1/concentration®).
The peak-area ratios (area of DX-8951, G-DX-8951/area
of D91-7117) in method I were plotted vs concentration
by weighted linear regression (1/concentraton®). The peak-
areas of phenylalanyl-glycyl-DX-8951 in method I were
plotted vs concentration by weighted linear regression
(1/concentration?).
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Preparation of standard solutions

Standard solutions of DX-8951, G-DX-8951, and [391-7117

were prepared in 0.04 u Britton-Robinson buffer (pH 3} und
diluted with the same buffer. The concentrations of these
compounds were expressed as equivalents of their free bases.
We analyzed the conjugated founn to ifs carter, conjugated
DX-8951, using a standard solution of DE-310. Standard solu-
tions of HE-310 were prepared in purified water and diluted
with 0.1% Brij35 solution. This compound concentration was
expressed as equivalents of DX-8951. These standard solu-
tions were stored at 4°C under dark conditions.

Sample preparation. Tumor tissues as blank samples were
isolated from Meth A tumor-bearing mice as follows: Balb/c
uale mice were transplanted subcntancously with Meth A
fibrosarcoma (I x 10°) cells. Subcutaneous tumor tissues
obtained from the mice for analysis were homogenized in
10 vols of physioclogical saline (w/v).

For the analytical procedure of DX-8951 and G-DX-8951
(method I), 0.18 mL of a standard, or quality control (QC), or
unknown saruple and 0.03 ;i of an internal standard (D91~
7117, 0.5 png/ml) were placed into a test tube. A 1 mL volume
of T mol/L hydrochloric acid/methanol (1:99, v/v) was added
to each tube and mixed, followed by centrifugation at 10,000
rpmt for S min. The supematants were transferred into test
tubes and were evaporaled to dryness under a stream of
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Figmre 3. MS/MS @l scan of product ions of (1) DX-8931, (31} G-13X-8051,

D91-7117 at the precursor ion of [M+H]J"
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nitrogen gas at 40°C. The residucs were reconstituted in
0.2 mi. of mobile phase and mixed thoroughly. Each sciution
was applied 1o an Ultrafree-MC Centrifugal 6lters {UFC3
LTK, Millipore, USA} and centrifuged at S0061pm for
20 min. The filtrale solution, 8.08 mL, was injected onto the
LC/MS/MS systern.

To analyze conjugated DX-8351 (method i), 018 mi of a
standard, QC, unknown sample and 0.07 mL of an internal
standard (13917117, 2.5 up/ml) were placed into a test tube.
A 025 mL volume of 0.1 mol/L dipotassiwm hydrogenphos-
phate buffer {pH 8.5)-methanol (1:4, v/v) was added to each
tube and mixed thoroughly by vortexing, followed by centri-
fugation at 10,000 rpre for 10yuin. The supernatant {(super-
natant A} was removed to a test tube. To the remaining
layer, 0.3125 mL of 0.1 mol/L dipotassinm hydrogenphosphate
buffer (pH 8.5)-methanol (1:4, v/} was added and mixed
thoronghly by vortexing, followed by centrifugation at
10,000 rpm for 10 min. The supernatant (supernatant B) was
removed to the test tube to combine with supernatant A.
Thermolysin (6 mg) was dissolved in 0.75 ml of 0.1 mol/L
Tris-hydrochloride buffer {pH 8.5)-0.1 mol/L calcium chlo-
ode solution (1:1, v/v). This enzymatic solution was added
to the combined supernatants in the test tube. Each sample
was placed on a shaker at S0°C for 2 h and then centrifuged
at 3000 rpm for 5 min. The samples were applied to solid-
phase extraction cartadges, pre-conditioned fiest with 2wl
of methanol, and then with 2 mbl of purified water. The
cartridge was washed with 2 mL of purified water. Then the
analytes were eluted with 3 mL of 1 mol/L. hydrochloric acid-
methanol solution (1:99, v/v}. The eluates were evaporated to
dryness under a stream of nitrogen gas at 40°C. The residues
were reconstituted in 0.2 mb of mobile phase and mixed thor-
oughly. The sclutions were applied to Ultrafree-MC Centrifu-
gal filters and centrifuged at 8000 rpm for 10 min, The filtrate
sciution, 0.04 mi., was injected onto the LC/MS/MS system.

Validation procedures. The absolute recoveries of DX-8951,
G-DX-8051 and conjugated DX-8951 from tumor tissne
homogenale solation were estimated by comparing the peak
areas of extracted samples vs those of unextracted standard
solations. The selectivity of the assay was investigated by
processing and analyzing six independent blank (drug-free)
samples by the procedure described above. Calibration curves
were constructed by plotting the peak area ratio of the
analytes to IS against the concentration of the analyte. Each
calibration curve consisted of nine calibration points (n ).
The data were fited to least synares hnear regression with a
weighting factor of 1/{concentration)’. Intra-day precision
evaluated as relative standard deviation (RS and accuracy
of the method were determined by replicate analyses (n = 5)
of QC samples. Inter-day precision (RSD) and accuracy were
determined by replicate analyses (n = 6) of QC samples on
three separate days. The lower limit of guantitation (LLOQ)
was chosen as the concentration of the lowest calibration
standard with an acceptable limit of variance (within 20% for
both precision and accuracy). Stability during freezing and
thawing was assessed using the QC samples after three
freeze-thaw cycles. Stability in the autosampler was assessed
using the QC samples after the reconstituted solutions were
prepared and placed into the antosarupler for 48 b, according
to the method described above. Stability at room temperature

Copyright © 2004 John Wiley & Sons, Ltd.
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was asscssed by using the QC sampiles that had been placed
on the bench top for 12 h. Stability during storage at -83°C
was assessed using the QC samples that had been placed iu &
storage freezer set at —80 + 5°C for 3 months.

Application of the method. To dewonstrate their reliability,
these methods were used to detenmine concentrations of DX-
8951, G-I3X-8951 and conjugated DX-8951 in tumor tissue
samples. Meth A tumor-bearing mice were administrated a
single intravenous infusion of DE-310 at a dose of 5.7 mg/ke/
30 s that was 1/2 MTD (meximum tolerated dose) level for
mice. Tumor tissue saraples were collected from sach animal
at 12 h after the start of the infusion. Sampies were stored at
—80°C until analyzed.

RESULTS AND DISCUSSION

Recoveries

Recoveries of DX-8951 and G-DX-8951 from spiked
tissue samples were determined at the concentrations
of 1.36, 10.80 and 1350.27 ng/g for DX-8951, and 1.34,
10.65 and 1329.68 ng/g for G-DX-8951 in triplicate by
method 1. The mean recoveries of DX-8951 range
frorn 86.8 to 99.0%. The mean recoveries of G-DBX-
8951 ranged from 90.5 to 94.6%, and that of IS was
97.3%.

Recoveries of conjugated DX-8951 from spiked
tissue samples were determined at the concentrations
of 73.7, 590 and 14700 ng/g (DX-8951 equivalent) in
triplicate by method II. The mean recoveries of con-
jugated DX-8951 ranged from 70.5 to 77.2%, and that
of IS was 88.7%. The recoveries of conjugated DX-
8951 show a little lower. It is possible that the efficiency
of enzymatic digestion using thermolysin is reduced in
biological samples.

These exiraction methods have been successfully
apphied to the extraction of DX-8351 G-DX-8951 and
conjugated DX-E951 from tumor tissue.

Chromatography and selectivity

Chromatograms of tumor tissue extracts obtained from
blank tumor tissue and blank tumor tissue spiked with
DX-8951 (136 ng/g), G-DX-8951 (134 ng/g) and 1S
(100 ng/g} using method 1 are shown in Fig. 4. The
retention limes of DX-8931, G-DX-8951 and IS were
approximately 5, 9 and 8 min, respectively. The overall
chromatographic run times were within ca. 9 min.
Chromatograms of tumor tissue extracts obtained
from blank tumor tissue and blank tumor tissue spiked
with conjugated DX-8951 (73.7 ng/g) using method
II are given in Fig. 5. The retention times of
phenylalanyi-glyeyl-DX-8951 and IS were approxin-
ately 14 and 7min. The overall chromatographic
run time was within ca. 14 min. These chromatograms
indicaled that no endogenous compounds interfered

Riomed. Chromatogr. 19: 19-26 (2005}
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Figure 4 MRM chromatograms of (A) extract of blank tomor tissue and (B) extracts of blank tumor tissue spiked with
DX-8951 (240 ng/mL), G-DX-8951 (3.08 ng/mL} and IS (33.92 ng/mL) using method L [I = DX-8951, I = G-DX-8951 and

=18

with the detection of DX-8951, G-DX-8951, and
phenylalanyl-glycyl-DX-8951 at their retention times.

Calibration curves

Calibration curves for DX-8951 and G-DX-8951 in tumor
tissue obtained on three separate days were linear over
the concentration ranges of 1.36-2700.54 ng/g (DX-8951)
and 1.34-2659.36 ng/g (G-DIX-8951). The coefficients of
determination (%) for DX-8951 and G-DX-8951 were
not less than G.9993 and 0.994, respectively.

Calibration curves for conjugated DX-8951 in tumor
tissue obtained on three separate days were linear over
the concentration range 73.7-73700 ng/g (DX-8951
equivalent). The coefficient of determination (%) was
not less than 0.9978.

Precision and accuracy

The results of intra- and inter-assay precision and accur-
acy for DX-8951 and G-DX-8951 are shown in Table 1.
The intra-assay precisions (RSD) of DX-8951 and G-
DX-8951 estimates for the QC samples were less than
4.4 and 6.2%, respectively. The intra-assay accuracies of

Copyright © 2004 John Wiley & Sous, Litd.

DX-8951 and G-DX-8951 were within —4.3 and -3.9%,
respectively. The inter-assay precisions (RSD) of DX-
8951 and G-DX-8951 were less than 6.7 and 7.4%, re-
spectively. The inter-assay accuracies of DX-8951 and
G-DX-8951 were within 4.4 and 2.7%, respectively.

The resuits of intra- and inter-assay precision and ac-
curacy for conjugated [3X-8951 are shown in Table 2. The
intra-assay precision (RSD) of comjugated DX-§951
estimates for the QC samples was less than 5.0%. The
intra-assay accuracy of conjugated DX-8951 was within
—13.2%. The inter-assay precision (RSD) of conjugated
DX-8951 estimates for the QC samples was less than
8.2%. The intra-assay accuracy of conjugated DX-8951
was within -9.2%. The accuracies of method I were
shown to be slightly worse than those of method 1. It is
suggested that the pretreatment procedure of method I
was slightly coroplicated in comparison with roethod 1.

These results indicated that our described methods
have satisfactory precision and accuracy.

Stability

The freeze—thaw stabilities of DX-8951 and G-DX-8951
were evaluated (Table 3). The mean accuracies of

Biomed. Chromatogr. 19 19-26 (2005}
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Figure 5. MIXM chromatograms of (A} extract of blank tumor tissue and (B) extracts of blank tumor tissue spiked with
Conjugated DX-8931 (240 ng/mL) and I8 (33.92 ng/mlL} using method I [ = phenylalanyl-glycyl-DX-8951, H = 18]

Table 1. Intra- and inter-assay precision and accuracy for DX-8951 and -DX-8951 in humer tissae using method I

Nowminal Intra-assay precision and accuracy Inter-assay precision and accuracy
concentration Mean (71 = 3} RSD Mean accuracy Mean {(n = 6} RSD Mean accuracy

Analytes {ngig {ng/g (%} (%, n =5) (vg/g) (%) (%o, n=6)
DX-8951 1.36 1.34 3.0 -1.5 133 2.3 22
10.80 16.34 18 —-4.3 10.93 59 1.2
1356.27 1318.34 44 ~2.4 1410.26 6.7 4.4
3-PX-8951 1.34 1.30 6.2 -3.0 1.34 4.5 ]
10.65 16.23 37 -3.9 10.94 7.4 2.7
1329.68 1303.64 i -2.0 1323.84 i6 0.4

Table Z. Intra- and inter-assay precision and accuracy for conjugated DX-8951 in tumor tissue vsing method I

Norminal Intra-assay precision and accuracy Inter-assay precision and accuracy
concentration® Mean (n=5) RSD  Mean accuracy Mean (n=6) RSD  Mean accuracy
Analyte {ngfe) {ngfg) (%) (%, n=35) (nglg) (%) (%, n=35)
Conjugated DX-8951 737 67.8 5.0 -8.0 757 8.2 27
580.0 5120 1.6 ~13.2 536.0 7.8 ~9.2
14760.0 14700.0 4.1 6.0 15300.0 39 41

* Equivalent to DX-8951.

Copyright © 2004 John Wiley & Sons, Ltd. Biomed. Chromatogr. 19: 19-26 (2005}
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Adfter three cycles

After storage at room

After storage at

Nowminal of freeze~thaw temperature for 12h =80°C for 3 months
concentration Mean accuracy Mean accuracy Mean difference®
Analytes {ng/g) (%, n=3) (%, 11 =3) (%, n=73)
DX-8951 271 ~6.4 9.4 ~7.8
135027 =33 —0.6 3.0
G-DX-8951 2.66 7.8 52 -12.8
1329.68 117 14.0 -3.8

* Difference from the concentrations on the first day.

Table 4. Stability of conjugated DX-8951 in tumor tissue

After three ¢

B

cles

After storage at room

After storage at

Naominal of freeze—~thaw teynperature for 12 h —80°C for 3 months
concentration Mean accuracy Mean accuracy Mean difference®
Analyte (ng/g) (%, 1 =3} (%, 1n=73) (%, 1 =3)
Conjugated 1470 6.1 -3.6 8.2
DX-8951 14700.0 -39 -13.9 8.0

* Difference from the concentrations on the first day.

DX-8951 and G-DX-8951 after three cycles were within
-0.4 and 11.7%, respectively. The room temperaturc
stabilities of DX-8951 and G-DX-8951 in tumor tissue
were evaluated (Table 3). The mean accuracies of
DX-8951 and G-DX-8951 after storage for 12 hours
were within 9.4 and 14.0%, respectively. After storage
at ~80°C for 3 months, the concentrations of QCs
of DX-8951 and G-DX-8953]1 were comparable with
those of freshly prepared QCs (Table 3}. The mean dif-
ferences of DX-8951 and G-DX-8951 between the
stored and fresh samples were within -7.8 and -12.8%,
respectively.

The frecze-thaw siabilities of conjugated DX-8951
were evaluated (Table 4). The mean accuracy of conju-
gated DX-8951 after three cycles was within -6.1%.
The room temperature stabilities of conjugated DX-
8951 in tumor tissue were evaluated (Table 4). The
mean accuracy of conjugated DX-8951 after storage for
12h was within ~13.9%. After storage at -80°C for
3 months, the concentrations of QCs of conjugated
D¥X-8951 were comparable with those of freshly pre-
pared QCs (Table 4). The mean difference of conju-
gated DX-8951 between the stored and [resh samples
was within 8.2%.

These results showed that no significant degradation
cecurred during three freeze—thaw cycles, and that these
analytes were stable in tumor tissue kept for 12h at
room teroperature, and for at Jeast 3 months at —80°C.

Analysis of samples

The suitability of these analytical methods was demon-
strated by the determination of DX-8951, G-DX-8951
and conjugated DX-8931 in tumor tissue samples
after the siart of infusion (5.7 mg/kg) of DE-310. The

Copyright © 2004 John Wiley & Sous, Litd.

chromatograms of the

tumor tissue samples are shown

in Figs 6 and 7. These two methods are applicable to
determine the compounds i tumor Hssues.
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sion of DE-310 (5.7 mg/kg). {1 = DX-8951, 1T = G-DX-8951
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CONCLUSION

Sensitive and selective analytical methods for the deter-
mination of DX-8951 G-PX-8951 and xor}ugatcd DX-
8951 in tumor tissue were established by LC/MS/MS.
These methods proved to be useful for pre-clinical
pharmacokinetics studies of DE-310.

Copyright © 2004 John Wiley & Sons, Ltd.
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Clinical Significance of TROPZ Expression in Ceﬁorectal Cancer

Takahiro Ohmachi," 22 Fumniaki aaraaka 3 Koshi Mimaori, > Hirashi Inoue,
Katsuhiko Yanaga,® and Masaki Mori™3

Abstract  Purposs and Experimental Design: To identily cancer-related genes, the expression profiles
of colorectal cancer cells and normat spithselial cells were examined and comparad using laser
microdissection snd cDNA microarray analysis, From thege combined technigues, several can-
serrelatad genes, including TAOPZ, were identified. TROFZ is kKnown as & oslcium signal
wranaducer and is highly sxoressed in several types of tumors. However, no studiss have invest-
aated the signifisance of TROF2 sxpression in colorectal cancer Thus, the expression status
of TROEPZ was investigated in 74 colorecial cancer samples by quaniitative raai-timea revarse
transoription-PCR and immunohistochemical studies.

Besufta: Laser microdissection and cNA microarray arialysis showed that therg werg 84 over-
expressad genes in cancar Calls. One of the highly overexpressed genes was FROP2 . Quaniitative
real-timia reverse transeription-FLOR showed that TROPZ expression in cancer samples was
significantly bigher than in normal samples (P € 6.001). The samples wara dividad into bgh
{n = 26) andlow {n = 48) FRERZ expeassion groups. The cases with high TROP2 expression
showad a bigher frequendy of liver metgatasis (F = 00083 and more canner-related death
(P = 0.0486). Thase cases also had an inciination of deaper depth of invasion (£ = 0.064) and
mare ymph node metastasis (7 = 0325), interestingly, the patients with high FROPZ expression
wnars had pocrer grognosis {7 = 0.0036) Multivariate aralysis showed that TROPZ expression
Statis was e indepsndent prognostic facior (relative visk, '2.38; 95% confidencs interval,
1.29-474, 2 £ 3.01).

Conclusinn: TAOPS is one of the cancar-reiated genas that corelates with biolegical aggres-
sivenase and poar prognosis of colareaial cancer Thus, TROPZ is a possible candidate gene for
diagnansis and molecular targat therapy of colorectal cancer.

Colorertal cancer is one of the most prevalent cancers in the unstable effectiveness, and/or severe side effects {5, ¢). Thus,
world. In japan, the disease rate of colorectal cancer patients there is a pressing need to explore novel cancer-specific penes ©
has doubled over the past 20 years, wiih ~75 of 100,000 serve as wolecular targets for therapy and cancer specific
people auf‘enng trom the discase today. Additionally, colotec- immunctherapy.

3l nanmcer has been ihe second cause of death in neoplastic In this study, the gene expression profiles were compared
disease {1}, Recently, molecular target thevapy and cancer between cancer celis and normal epithelist cells uvstog the
inunuoctherapy for solid cancers have been introduced to the corabined technigues of laser microdissection and cDNA
dinic {2-5). However, indications for these therapiss are microarray analysis to explore cancer-related o cancer-specific

limited due to the low frequency of target gene expression, genes, Prom this analysis, several cancer-related genes were
identified. Among them, TROP? showed markadly diff
expressinn between cancer celis and normal epithelial cell
Ff\n\a* et al. cloned the TROP? gene, which encad
35,70%-Da type 1 transmembrane protein with a single
t(ansmembmne demain and is homologous to TROPI/KSA/
(A733-2. Moreover, TROP2, a cell surface receptor, has been
shown to play a role in regudating the growth of carcinoma cells
ce and Techrology, Japan (7). TROPZ is also responsible for gelatinous drop-like corneal
ation; Japan Soci vsirophy (8} TROPZ is expressed at high levels in human
trophoblast cells and it hias been reported as one of the highly
specific genes to the tumors, such as ovarian and bladder
cances {9~ 12} On the other hand, our institute developed
tumor-specific immunotherapy using MAGE peptide-pulsed
dendritic cells {13). We are planning to expand the therapy
’ : ing other teraer- ific genies. Depending on the outcome of

Heppu £74-0888. Jzpan,. Phone: 31-977- FIABSG; Fax: Gi-977-3 7165 E-mail: o : X
M @heppulytushiu-U.ac.ip. i analysis, 1_1@(42 may become a candidate gene. in
BIOOS A iation for Canoor Sesearch, addition, the dindal significance of the gene has not been
dot: 1011@811\)/& D432 . CCR-0B-16¢ studied In colorectal cancer. us, we investigated TROPZ

8.

h’s“tmo i Bicregu
 Jikei Uniw:

Receiveg 8/7/
Grant suppnrk Core R
Science and Technology A
the Promotion of Sci Grant-in-£
TI02013. 17521411 QI3 170150322, and 1€
3 F pubdi wt of this article were defrayed

ety for

=

.. Sectien /o4 sal F!v 1o i
Reqguests for regrints: Masaks M
Cnoology, Madical institute of Bioregul
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Table 1. Overexpressed genes in colorectal cancer
Gene name Symbols Systematic code Locus Fold overexpression
Bipepridase | ’/zmar) DPERT 08287 1q24.3 1785 §
Terarocarcinonia-derived growih factor 7 CRIPTC AUN24747 302,31 8.3% §
FHugman megakaryocyts-enhanced gane transorpt T pratein AEGTS 213 3,22 i
Caff stiface givcoprorein rop-2 TROPZ 7 7.84 i
integrin §5 {platelet giveoprotain ia, antigen L0E6T) D87 NM Oﬁ0212 k] / qﬂ 742 i
Aatrix metalioprateinase -7 (matrifysin, uteiing) MNRGRT NAM._002423 1121 -qzz 6.71 E
Fhosphioprotein O8FVY TRIBS3 BG387820 20913 6.58 !
Hurnan calf surface glycoprotein COL4 (CD4A4) gear D4 LS4 i3 3.08 }
Eniregiin FREG BG235918 4133 571 !
Mateix metaiicproteinase-T7 {siromedysin 3} MARAFTT AW301083 229123 5.7 §
FHumnan cforie PRIISE unknover inBNA e AFZI7TRT0 4,80
FHuman cONA FLI200831s, clone COLO42G3 ANCRDC AXGGI00 473 \
Cadherin 3, type 1. P-cadherin (placenial COHSE NM_0G17832 4675 :
Fatty acid — binding protein 8, ileal (gastrotroping FABFPE Xa0908 4.48 f
KIAADSIS protein ABONNE 4.26 ;
Ataxia tel anq;-sv sia geoup O - assogiated protein TEIZE AF230388 4.24 :
TAR (HIV) RINA-binding protein 1 TARBFT U38847 4.08 ;
Expressed seguencs 1508 y AA44.. 70 2.82
Expressed sequence 1ags BEG72108 488
Humar NG CIMNA DKFZRpER4C063 ALGAG248 2.60 3
Satute carder fanily 12, migmber 2 JLCI2A2 UR0G246 3.58 {
FHurnan Na K-ATFgse u-T subunit gene ATFIAT M30308 3.26 §
Ectodermal-naural cortex (with BT8-fike domain) ENCT BLOOC41E .47
Bone morphogenatic pratain 7 {osteagenic proiein T} BN BEZOLE5H0 20- 313,31 3.42 {
Soluste carvier famiify 7, miemnber § SLC7AS MBa244 16g24,2 3.42 §
Hignan DNA for apabR2 LERPE DERANT 0323 3.4 !
Humarn iRNAS for KIAAOTET protein MCLT ABOIB3G4 240 §
Humar activin §-A sabunit A XE7ET9 3.38 i
Drefeted in fyphiocyiic feukernia, 2 DLEL2 AWOTB447 3.28 i
Human mRNA for nuciear pare compiex protain NIRRT AJ285748 3.3%8 §
Groawth factor receior-Hoaund proteis 7 GRE7 AUL4BERS 17912 2.32
Human mANA for KIRAGETY protein ROCK2 ABOI451S 20251 3.32
Meiotic recombination { Saccharomyces ceravisize) 77 hamologue 4 MRETIA AFO73362 1121 3.28
Chromasome 20 open reading frame 178 TONMMS4 AKGIETE0 201812 3.26
ZFNT protein sfternatively spliced product SFT 028121 11913 3.24
Adevalonate kinase {mevalanic aciduilyd MVEK BGATA232 1242411 3.22
OQuiductal givoopratein 1 120 &0a (mucin 8, ovicuctin) V'GP NM_CG28R7 1p13,2 346
Zinn rmgpr pratein 185 ERDT AWC25438 1022, 34
Centrornere protein F (3501400 kDe, mitosing CENEF LNa769 144 31z
(, cherin 8, ¥yoe 2, K-cadherin (fetal kidney} CDHE ALJB823 Ent1-pla .08
Sofuts carviar famity 15 mamber £ SLCTTAZ AB88BE73 12713,12 %08

Continusw on the following page)

expression in clinical samples of colorectal cancer to determine
its clinicopathelogic significance,

Materials and Methods

Tissue sampling, ia s;';,im's;;.iissw‘rio.-v, and  cDINA wmicrearvay
asalysis. and noncancerous {issues were

m;.,al cancer who undenwvers
shu Univessity Hospital {Beppu
ent was obtained frows all p:.t-czx*im ]
acent n(‘\}'mai t*'»;su)s were inunediately embedded in T
Tokyo, Iapan} and were

ohtained {row

surgical re

tion in
srmed  con
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Tabiﬁ'i Oversxprassad genes in colorectal cancer {Cont'd)

Gene name Symibols Systematic sode fogus Fold overexpression

i finiger, X-finked, duplicated 4 ZXiA ALCIINS ¥pitd 307
Runt-refated transcrigtion factor 7 RUNXT 043869 2162212

Fxprassen SeUane 1ags TOROE AABEAT24 140a32
Spectrin, o, erythrocytic ¥ {efiintocytosis 2) SFTAT AATOR344 1231
Hurmars tianscription factor SLT {By similarity} TAFIA ARCO1054 13
Ghlyvcoprotelin glucosyitransferase precusar (By similarity) LAGOEER AK01735 13321

.

Fonrl peptide receptar-fike 7 FPRET 26541691 1Ea13,41
Guanine nucieotide binding protein 4 GNGA AWEGGRZ28 142,53
Frostagiandin £ receptor 4 (sublyps £24) PIGER4 MA_Q0025% 50131
Human cNA FLIIOETTTs, clons NTZRPZOGOETZ ASFN AKDO1373 31,3

Flumman G-protein-coucied recegtor gene GPRIS U5R312 12p1a2 2238
Homan inBNA: cONA DREZp&ES6R24 AL110238 tigiad 2.87
Humae thuazida-sensitive NeCi cotransporter SLCIZAR Udqizg 18413 2.87 -
KIAAGEIT gene product NUPLT BIGRgI77? 131353 2.87
High- mobidty group protein isoferm 10 FHAMGAZ BL2EOE2E 12434,3 283
Humen, paived box gene 9 PAXE COOTIES ‘Eikﬂ').? 2.82
dirinacetats N-rweitydransfersse GAMT & 2.81
Karyopherin o3 .z KPRAD L3818 Z
FIAADOOE gone product DLGY 21087140 3 2.
Nucleophoamininucisapiasmin 3 MPEAR AER1542 3 277
Zing firiger protein 200 ZNFZ00 NM_003454 3.3 275
Ras-related associsted with dizbstes FRRAD 273

Humnan metabatropic glutamate recepior 8 GRAE T3t 27
Zine finger protein homologous o Zfp3T in mouse ZFEPE7 it 278
Hurran G-protain-couplod receptoy GRELE GRRES 34284 57
Nuclear recaeptor sublamily § groun | member 3 ANRTZ 252 48
Human homenbox gene HOXE 17q21.3 82
Human intevzukin- 17 Hi7 &pi2 AL
2 fingor protedn 184 (Krippel-fike) ZNFIR4 8p221 2.81
dMacaque somatosiatin g 587 MiB3Z18 3n27.3 2.80
Exprossed seqguence (ags PIPNZ2? A8E01425 w132 258
HHuman ZNF43 ZNFA4S KES244 18512 287
Homer, nauronal immrediate sarty gang, IR HORAERT BigB864 4 Blat 2.558
Horno sapiens clone 23563 :RNA sgguence AFG35281 73361 2,85
Natural fifier ceff group 7 segushose 588115 18aq132 41 2355
Exprassed sequence tags e AHF2E09T 18132 2.54
FHrars iRNA for CSRT SCARAS ABRGIIE2D Bp2it 253~
MNewvrons! pesitraxici i NPTX BCO0H924 T334 252
IASD322 protain NEDLT 7p141-013 251
Cyelin £ CONET BO781079 Cq12 280
Dieath-assoniated Ganscription factor { L3ATET ARGOZ23Y 20c13,35 2.5¢
B N Hurnan DNA for single -minded gene 2 - 5gso22 \...2 13 250
‘ Rasi3AP-relatod protes ICGARY AABITTRE Sl 250

2 00 Bioan

o7 :’»’\e_i‘en* Technclogies, Palo Alte, CA} as described t
. Ju brief, high-guality amplified BRMA e on a ﬂ'w:?t
typically has the shape of 3 hump peak a2nd one mark
ination of RMHA. Gf 16 ca and 15 software wers 1
‘7-hased arpplified BMA sar s, 8 spples {Rasetrs Big
fulfilied the follov

fold changes were » and the P was <0.01 (14} Moreover, withit
selected genes that > criferis, genss ?‘nt wer iated in
3 ore RNA samples {eigh tonal san

Semiguantitative real-thmeg PCR. The uexmqt._ i time
revewe transcripion-POR assay used 74 operatively resected patred
cancer and nonnal samples that were not wsed for microarray analysis,
Total BHA was exttacted from each bulk sample and <DMA was

kmnel&gmk* The data
.-r data extracion software

WELe 211

cadissecred and T
from the cancer sect
deiermined to be of

a me cor-vml {

a.my contain né 2.8
railable frorm bt

2a!

wiww agtlent.oom/chem/ge

Microarray enalysis.  After subiracting
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p<(.001

P
j

titative 2
in TROP2 sxpn
The cancer samystes Bhu\/\:ﬂd h.cher

sampies of 74 clini
the normal
ERREE Y

sypihesized from 8.0 pg total BNA as described pre

{16} The
purity and a‘()\'ﬁ(.‘z::’xir-#i(,-n :;f Lotal RNA WEES de:, rmined using an
Agilent 2100 Bioanal ed to amplify
the TR § AGAGGGATCA-E
and antisense primer : COTTC-3 The glyrer-
aidehy i dehydrogenase (sense SATGGTATCGTG

(AA(;(,/&(,I A-3" aud antsense primer 5 TGUCATCATATITGGC-
ADGGTET-3) gene was wsed as an internal conwwol The reaction was
done in a LightCycer systern {Rache A:“:)iied Scienve, indianapoiis, ING
using the LightCyeler FastStann DNA Mas YRR Green [ kit (Rmha
Diiagnostics, Mannhetm. t‘etmam') each reaction are
descibed elsewhere {

initiated with a denaty
<ozm ted of 40 cycies at
crafde Fiyide-3- ;ﬁzm,/n\:iz deliydlrogenase ) for
1 optmm. length {1 second/25 bp} Al

5
ion ate.) :_d 454 for 10 minutes and then
§5°¢ for 10 secounds, &5°0 (6G°0C {os
& seconds, and 72°C for
ulated concentrations of
genous toference
-phosphate dehydrogenase} 1o obtain the normalized
‘_.\[)r"s. on values, Bach assay was done v triplicate.

(,z;v.“ £
TROPZ
Tramumohistochemisery.  Of 74 cases, imnmunchisioc
ing was done in %4 selected cases. fmmunchistorhemis 1& stuidies of
P2 were done on formalinefixed, paraffiv-embedded  surgieal
sections. After deparatfinization and blocking, the antigen-antibody
reaction was incubated overnight at 4°C. The L8AB2 kit (DAKG,
G to detect the signal of the TROOFZ antigen-
e3Ciie Aii sections were counterstained with hematonviin,
d goat polyclonal antibody against the purified recombi-
n TROP2  extracellular dormain {R&Ly Systems, Inc.
. MNJ was used at
foal aualysis,  uarita
data were calculated with IMP 8
Ine,, Cavy, NC}
Student’s ¢ test and the y° tesi
the Raplan-dMealer method and 3hz:

The puvid
nant

2 franscription-PCR
{BAS fustitarie,

-time rev

for Windows softw

svvival curves we timated by
on between the carves was

made by the logrank test, The selative visk (RR) was malculated
the Cox proportional hazards maodel. A probability level of 0.05 was

chosen {or statistical

Results i

Microarray sanclysis. In the microarray analysis, 84 geneg
were identified that had a higher expression level In cancer
cells than in noonal epithelial celis. Among tf
are invoived with sigoal ransduction {27 4%, Hailadlf‘-ii()[:
(16.7%), tmmpuat {13.1%). metabolism {4.8%]), ceil adhe. |
secretion {3.6%)), apoptosis {3.6%}. and an
v function {(16.7%; Teble 1}, Gf & 5, some |
tudy reported as associated with colorectal cancer
o osuch as MMPY {18, 18}, MMPIT {20, 213,
{22-24), CDs&l {25, 26}, CRIPTO {27, 28}, ENC;
SLO7AS {30), DPEP? {31), and activin A {32, 33}

TROP2 expression in colorectal cancer semples and cor
responding normad tissues,  Quantirative real-time reverse tran.
sarvipiion-PCR was done on 74 pated samples 10 show TROM
mRiJA expression jo clindcal samples. Quantitative real-time
reverse transcription-PCR showed FROPE expression in
cancer samples was significaraly higher MV:“T"M’(E expression
vadues of cancer were 8.34-fold bi < 000017 thar those
in normal samnples (g 1} "5 2 shows the results of
immunohistochemical studies of TRE.?L,: SYPTESSIOn in yepre
sentative clinical samples of well-differentiated adenocarc
ma {Fig. 24}, moderately differeniiated adenocarcing
{(Fig. 2B}, pootly differentiated fadonocarcinnma {Fig. 28,
and mwucnous adenccarcinnma {Fig, 213} The majotty <‘f~§s<>
P2 expression was observed in the cancer cells, the
rity in ostrorpal cells, and none du the oormal colonic

Immunohistocheroical studies tevealed that the
as strong (n = 7), moderate {(n = 3), or weak {n = 18}
in th- pumor cells 5, whereas very weak o none in the normal
Mg in all 34 cases. There was a significant difference in
immuchistochemi stainiog between the tumor and the
normal saroples (P < 8.01), and the data ar2 sirailer © those
obined from mENA expression aoalysis. All 16 tumors with
strong or moderate immunohistocheminal expression showed
higher mBNA expression wvalues (»0.2), The expression of
TROP?2 mRHA relatively assoclated with profein sxpression

2843 GRS, SOine

Y
se gene

=

immunchistochamistry
rectal nance-ﬁ_ A, we!
SYP'J "&. th
a

Fig ?
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: T - k Survival analysis.  The 5-year actuarial overall ssvival mtes in
Table 2. Clinicopathologic variables and 7TROP2 patients with high TROPZ mBNA expressksm fevels and those
mPNA expression in 74 colorectal cancers with tow levels were 48.5% and 83.33 2ly, MoTeover,

the high expression group alse showed poorer prognosis in the

Variables Expression Kaplar-Meier survivad cusve {2 = 3.0036; Fig. 3). Tabie 3 revealed
High Low P the result of EF and the 9596 confidence interval {355 CF} by the

(= 28) {7 = 48) Cox propotinoal hazards mode} Table 34 shows the univartale

nalysis for all clinicopathologic varizbies. Regarding these

Age 68 x 28 675428 Q7 7 “iébies, tvroph node metastasis {(RR, 2711 95% C 1.526-
Sex 54381, P o= (0.0004), itver metastasis {RR, 2.409; ‘)':an Cl,

Mats 14 30 G.479 1.381-4.059; P = u ou)) depth of invasion {RR, 2 93%

Femnly 2 18 Cl, 1.276-3.675; P = 0.6041), histologic grade {HE, 2,09 '+ 95%
Histologic calt iype 0, 1.0 ; 3. and high TROPZ expression {RR,

et 8 18 G.4z0 2,025, 85% (I 1 216 "Ol' P o= 0.00 were siatistically

Moderately 19 29 sigaificant. Table 38 shows the cesuit of roultivadate analysis in

Foody and others L 1 the final model, which mduded ymph node metastasis, depth
Tumnor site” of invasion, hisiologic grade, tomor site, and lymphatic

Right calory S 13 0.498 permeation. In this model, the variable of “igh TROP2

Let: C?“"’”» i 38 expression was an independent prognostic predicier for the
Serosat invasion patienis with colorectal cancer (RR, 2.38; 95% CI, 1.29-4.74;

Absent 4 36 Q064 P = 0.005; Table 38}, Of the variabies that were entered in the

Present 12 =2 multivariate ar‘.alw-is, the wvarinble of liver metastasis was
Lyiriph nods metastasts excluded because there was a significant correlation with the

Absent 12 3 0125 variable of high TROP2 expression.

Present 14 7
Lymphatic permastion

Absent 13 29 0.388 Bisbiasion

Fresent 13 12 B
Venous permeation For further noderetanding of cancet bislogy, (s imporiant o

Absent 18 38 0.241 tdentify cancer-reiated genes. To find such genes, a contbination

Pregent 8 § of wechoigues, laser micodiszecion sod ¢RNA microamay
Liver metastasis analysis, was applied to clinical sampies. Laser microdissection

Absent 17 44 0.0057 can isolate cancer cells from tumor tlesue tha consists of mized

Present e} 4 populations of carciooma cells and stromal cells, sach as
Cancer-related death fibreblssts, macrophages, and lyrapbocytes {18}, RNA extracted

Adive 17 41 3.048" from these tissues was subjected to rigorous procedures for

{leath g 7 quality 1¢ ensiree s urility in CONA mdcroaray anaiysis. Almost

- 50% to 60% of the frozen surgical samples passed the RWA
 Figtative 1o spiric Hexurs, quatity check according to our expedence. Through usiog both
Cox proportional model. taser ruicrodissection and microarray analysis, 84 cancer-related

genes were ldentified that were overexpressed o cancer cells
compared with normal cells in the colon, '

Among the undifferentiated cell types, several regions of the

cancer had strong immunobistochemical staining for TRGFZ

g, 20 and D). :

High TROPY expression correlates with clinicopathologic s w V v, Low group

varigbles. The experimental samples were divided inuo two ra.-".? B

groups fthe bigh expression group with TROP? expression .

values (>0.2; 1 = 26} and the remaining samples in the low p 0.6 - p=0.0036

expression group (n = 48} to investigate TROFZ expression in E .

sesociation with dindcopathologic variables {(Table 2].‘11"1&‘ L 04 High grovp

border of the two groups was defined bv an upper limit 2 « -

including 95% of the expression values of the nouoal samgples. 0.2

The incidence jn liver metastasis was significantdy higher (P = .

2.005) in the high expression group {9 of 26, 34.69%) than in o 5 5 i & & 3

the low Pxprawum ETOUD {4 of 42) 3%}, a’ifi rbe mcidence of

XPressicn group {9 of 2(
group {7 of 48, 14.6%8). The high expression group 313(‘ hiad
inchiostions of deeper invasion {€ = §.064} aud more lymph
fndde metastasis (P = 0.1258) than the low expression group.

P according 10

Www. aacrjournals. org 3061 Clin Cancer Res 200612(10) May 15, 2006
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Table 3.

Variable R (95% CI) L

{A) Urdvarisie analysis

Lymgh node matastasis {oresent; 0040
Liver me {present) 0.CG3
Serosal inve 3 0004
Histologic cell type 04022
High FROAZ 0007
fumor site ' (right colont 0.088
Lyinphatic permeation {prasent) LG5
Gender {fernals} 3.31C
Age 2t surgery O85 y) 0402
Venous pemmeation (present) 0.668
(2% Multivariate analysis
High TROFZ 2.38% (1.28-4.74) 3.005

Lyropi nod 204 (105-4.48;

200 {3.97-6.29)

o
[ ")
& R
o3~

o 1

o siie {n q?

129 {1.08-3.89) G031

SN {prass 170 {0.28-3.08) 3.058

ereation {piesant: Q.82 (5,80 3782

ted adeniooas

sidy showed that TROFZ was one of the most highly
c\p essed genes in colorectal cancer oolls compared with
BOFIE } colon tissue, TROP? is reported to be highly expressed
inn several tvpes r‘f capcers. For example, Nakajlma el al

Ieveaied that TRI3P2 is overexpressed in esophageal cancer, :
the titer of serum TROP? antibody correlsted with turnor size
{34). With respect 1o colon cancer, Kanal et al studied the
expression of mRMA of genes altered by S-azacyiadine weatinent
in cancer cell ines and found that TRGPI was overvxprunz‘d in
cintral coiorectal capcers {35} However, they did not
investigate the oorrelation between the TROFZ expression
status and the sopaihioiegic faciers. Our stady of
coraparisnn of both groups showed a significant difference in
liver maetastasts, aod thiz was asscoiated with carwerrelated
death. Although there were no significant differences in the
oilier pathologic factors examined, there was a tendency in
sexrpsal ipvasion between the
suggest that bigh TROPI expression has an assc
binlogical aggressiveness of wlurecr_cd cancer.

The reason why the cancers wi B

estve Behavior is unciear. There a

the biolo
with the a of cancer. Fomaro m al
TROPZ not L)my ants as a cadoiure sigoal franaduy
recepior function activity. TROFZ has homology to sensm
iosulin-like growth factor-di-binding proteins and bas a
{ozxser‘rati\’c srructure for potential ovtoplasmic phosphoryia-
tion sites {7}, Basu et al revesied ihat 1’(3¢ phosphorviag
occurred on Sexr™™ by pmiun Kinase

We are jgvestigatiog the pre d:ue_d
and taking notice of is intraceiluiar
Hoositol 4,5-bigphosphate - binding
nositel 4.3-bisphosphate 15 the rmos

groups. Therefore, these results
o
intion wiih

gg:«,teri t}t at
¥ b it alzo has a

GO

unction of TROPZ gene
iorpain \,1‘ phaosphiatidy-
yli-
rupotant lipid in the
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cytoplasmic ieaflet of the plasros merobras
for a wide range of membrane-relsied phenpornena that cong;

of the fur’(ii(“rze of endooyicesis, exocytosis, ovicskele;
artachiment, engyme activation, actio-binding protein, pra )
tion of th seumd INESEeIEErs, 1on ‘i.zmnd activation, an,
binding site for PH aod other domains {37} £ Sewedy
investigated that the phosphatidylinositol 4,5-bisphosphate N
binding site of TROP? has an ability of being phosphordatey
by proteio kinase © (38} thuss, the signal transduction through
TR2P2 has a possibility of causing the aggressiveness of cancer
cells, Consequently, we assume that the TROP? gene has 4
nfluences the aggressive b&av;u of

recepior activity and
colorectal cancer cells during tumor progressicn. To investiggre
its biclogical function, we are planning the following eKBeL-
mEns: {n} Eetablishnent of the iransfectant of the TROP? gene
rify the dowminent proliferation and progressicn of
invasiveness. {§) loterference of the TROP2 gene expression
by small interfering RIWNA {or shors talrpin BNA} ©© examuine the
alteratinn of is proliferation and tovasiveness. {¢) Verification
of the binding activity between TROF2 and pbosphatidvline.
sitol 4,5-bisphosphate and exploration of the alteration of
the hinding activity by proteio kinase G {d) Uilization o
ansfectant with mutant TROPZ pene, which lacks
phosphatidylinositol 4,5-bisphosphate - bionding site o0 com-
pare the result of fn wimos apalysis with that of experin
Thizs, high TROPZ expression would confribuue o bi
ipgressiveness of cancer cells through paracrine and aug
~1gnalm}. pathway. Nonetheless, more precis2 unde
the mechanism thai is espoosible for the aggress
f1eCessary.

B
expressed in normal cells,
fact, Mangine & et al showed that TROPZ is one of the
mol scules recognized by human CTLs {33} We tovestiga
iveness of cancerspacific mmunotherapy using %M
antipen as a dendritic cell therapy {13, 45-42). llowever, the
patients that can ke teated with this therapy are limited
because the pa[ients must meet conditions, such as adeguae
HELA tvping aod positive MAGE gene expression in the tumor
The percentage of such patients i3 -~ 10% ic 40% in se
types of capcers. B TROPZ can becore an immunotherapeutic
motecular target, the combined sperific immunotherapy with
MAGE and TROP? genes would be a powerful new treatreent
maodality for colorectal cancer patients.

in copclosion, oue resuls indicated that TROP? 1
and protein were overexpressed in colorectal cancer cell
tiigh TROP2 eapression ‘4{33‘{119 m?t&iz‘wd with livef me
and poor prognosis. The 2
one of the caneer-elated genes ﬂmt Ty assoniated with
ressiveness and is one of the predictors of survivel
in ;}at)en.t\; with colorectal sancer. The overexprassion of 1His
gene has 2 possible role for assessment of the posioperalive
adjuvant fh?mpv of colorectal cancer patlerus, Furthermore
thia gene will be useful not only for diagnostics but als?
molecular targeted therapy.

1 and I8 responsih,

[te]

canse THOP2 1 overexprassed in colon cancer cells and not
it is a novel targel for teatruent. In
‘.arget

varal
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TROP2 Is Qverexpressed in Colorectal Cancer
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umnedas@osiaw.org
nozawakosiaw.org
hkobavashi®oslaw org

OHNO & PARTNERS

Attn: Shinsuke UMEDA, Ph.D.
Marunouchi Kitaguchi Bldg. 21F
1-6-5, Marunouchi, Chiyoda-ku,
Tokyo, 100-0005

JAPAN

EXTENSIBLE DEADLINE: AUGUST 1, 2017

Ref: COLOMBIA
Patent Application No. NC2016/0000187 in the name of DAIICHI
SANKYO COMPANY LIMITED

Y/Ref.: SHU/PD20-9008C0O
O/Ref.: P-2016/12118
Dear Sirs:

Please be informed that the company LABORATORIOS LEGRAND S.A. has
filed opposition against the application of the reference. The basic points of this
are described below:

1. Opposition filed by LABORATORIOS LEGRAND S.A.

1.1 Clarity and conciseness (Art. 30 of Decision 486/00)

The opponent states that:

- Claims 1 to 16 do not specifically define the technical characteristics of
the antibody-drug conjugate. According to the opponent, the main claims
indicates different drug-linker structures which comprises an undetermined
amount of compounds.

- Although the claims include formulas and sequences of the antibody, all
the possible molecules for which a protection is sought are not divulged.
Besides, the molecules are defined in terms of substitutions and results to be
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achieved which are not be accepted as technical characteristics of the
invention.

- Claim 1 mentions as essential and technical characteristics the
compound of formula |, the drug-linker structures and the antibodies (such as
trastuzumab). However, as indicated in section 1.3, the state of the art
anticipates this type of conjugates, as well as the antitumor agents, antibodies
such as trastuzumab, and the succinimid part of the linker.

- Claim 1 lacks clarity and conciseness since it is not clear the preamble
and the characterizing part, so that t claims protection for subject matter which
is widely known in the state of the art, such as anti-HER2 antibodies (that may
be trastuzumab) and /or camptothecin derivatives.

- Claims 11 to 16 lack clarity since they refer to the reducing condition in
the method:

“A method for preparing anti-HERZ2 antibody-drug conjugate, wherein the
anti-HERZ2 antibody is treated in a reducing condition and thereafter
reacted with a compound selected from the compound group shown
below:
(maleimid-N-yl)-CH>CH>-C(=0)-NH-CH2CH>0-CH>CH,-O-CH2CH»-C(=0)-
GGFG-NH-CH2CH2CH»-C(=0)-(NH-DX),
(maleimid-N-yl)-CH>CH2CH>CH>CH>-C(=0)-GGFG-NH-CH>-O-CH>-
C(=0)-(NH-DX), or
(maleimid-N-yl)-CH2CH2CH2CH2CH>-C(=0)-GGFG-NH-CH2CH>-O-CH--
C(=0)-(NH-DX),

wherein (maleimid-N-yl)- is a group represented by the following formula:
[Formula 4]

wherein the nitrogen atom is a connecting position,
-(NH-DX) is a group represented by the following formula:
[Formula 5]

wherein the nitrogen atom of the amino group at position 1 is a connecting
position, and

www.clarkemodet.com
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wherein the anti-HER?Z2 antibody comprises a heavy chain and a light chain
selected from the group;

a heavy chain consisting of an amino acid sequence consisting of
positions 1 to 449 of SEQ ID NO: 1 and a light chain consisting of an
amino acid sequence consisting of positions 1 to 214 of SEQ ID NO: 2,
and

a heavy chain consisting of the amino acid sequence of SEQ ID NO: 1 and
a light chain consisting of the amino acid sequence of SEQ ID NO: 27

In addition, the sequences may be selected among different segments of the
amino acid sequences SEQ ID NO: 1 and 2.

- Regarding claim 9, the opponent indicates the description of the
medicament is too general refers to several compositions comprising antibody-
drug conjugates.

1.2  Unity of Invention (Art. 25 of Decision 486/00)

According to the examiner, the method disclosed in claims 11 to 16 refer to
regions which are not related to the structure or function of the conjugates
disclosed in claims 1 to 11. In this way, the application lacks unity of invention.

1.3 Inventive step (Art. 18 of Decision 486/00)

The opponent is of the opinion that current application lacks of inventive step in
view of the following documents:

No. Document Affected requirement
Govindan US 2016/0287722 A1 Inventive step
etal

According to the description, the objective technical problem which the present
invention solves is decreasing the toxicity of the cancer treatment with an
antitumor by means of a conjugate between an antitumor compound, a linker
and an anti-HER2 antibody (which may be trastuzumab). However, this had
been already disclosed in the state of the art, for instance, in Govindan et al.

“[0010] In one embodiment, the invention relates to an immunoconjugate
comprising:

[0011] (a) a targeting moiety;

[0012] (b) a chemotherapeutic moiety; and

[0013] (c) a linker binding to the targeting moiety via a thiol group, and to
the chemotherapeutic moiety via an intracellularly-cleavable moiety other
than a hydrazone. In another embodiment, the invention relates to an
immunoconjugate comprising:

[0014] (a) targeting moiety;

[0015] (b) a chemotherapeutic moiety; and

[0016] (c) a linker binding to the targeting moiety via a thiol group, and to
the chemotherapeutic moiety via an intracellularly-cleavable moiety other

www.clarkemodet.com
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than a hydrazone; wherein said linker comprises an amino acid moiety
and a thiol-reactive moiety and is linked to the chemotherapeutic moiety
via the amino acid moiety and to the targeting moiety via the thiol-reactive
moiety.

[0017] Another embodiment of the invention is a method of ftreating
cancer, a malignancy, an autoimmune disease, an infection, or an
infectious lesion with the immunoconjugates described herein”

As shown, Govindan et al. discloses all the essential characteristics of the
claimed antibody-drug conjugate. In addition, in paragraph [0052]:

“[0052] In a preferred embodiment of the present invention, antibodies,
such as mAbs, are used that recognize or bind to markers or tumor-
associated antigens that are expressed at high levels on target cells and
that are expressed predominantly or only on diseased cells versus normal
tissues, and antibodies that internalize rapidly. Antibodies useful within the
scope of the present invention include mAbs with properties as described
above (and show distinguishing properties of different levels of
internalization into cells and microorganisms), and contemplate the use of,
but are not limited to, in cancer, the following mAbs: LL1 (anti-CD74), LL2
(anti-CD22), RS7 (anti-epithelial glycoprotein-1(EGP-1)), PAM-4 and KC4
(both anti-MUC1), MN-14 (anti-carcinoembryonic antigen (CEA, also
known as CD66e), Mu-9 (anti-colon-specific antigen-p), Immu 31 (an anti-
alpha-fetoprotein), TAG-72 (e.g., CC49), Tn, J591 (anti-PSMA (prostate-
specific membrane antigen)), G250 (an anti-carbonic anhydrase IX mAb)
and L243 (anti-HLA-DR). Other useful antigens that may be targeted using
these conjugates include HER-2/neu, BrE3, CD19, CD20 (e.g., C2BS8,
hA20, 1F5 Mabs) CD21, CD23, CD80, alpha-fetoprotein (AFP), VEGF,
EGF receptor, P1GF, MUC1, MUC2, MUC3, MUC4, PSMA, gangliosides,
HCG, EGP-2 (e.g., 17-1A), CD37, HLA-DR, CD30, la, A3, A33, Ep-CAM,
KS-1, Le(y), 5100, PSA (prostate-specific antigen), tenascin, folate
receptor, Thomas-Friedenreich antigens, tumor necrosis antigens, tumor
angiogenesis antigens, Ga 733, IL-2, IL-6, T101, MAGE, antigen to which
L243 binds, CD66 antigens, ie. CD66a-d or a combination thereof’
(emphasis added)

Similarly, the camptothecin derivatives with  4-(N-maleimidomethyl)-
cyclohexane-1-carbonyl are disclosed in Govindan et al.

www.clarkemodet.com
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In addition, the linker would have been anticipated since the core succinimid
had been divulged in Govindan et al.

Colombian application No. Govindan et al.
NC2016/0000187

Claim 1
-(Succinimid-3-yl-N)-CH2CH2CH2CH2CHa-
C(=0)-GGFG-NH-CH,-O-CH,-C(=0)-
(NH-DX),
-(Succinimid-3-yl-N)-CH,CH,CH,CH>CH-
C(=0)-GGFG-NH-CH2:CH>-O-CH>-C(=0)-
(NH-DX), or
-(Succinimid-3-yl-N)-CH>CHz-C(=0)-NH-
CH2CH2-O-CH2CH2-O-CH2CH>-C(=0)-
GGFG-NH-CH,CH2CH,-C(=0)-(NH-DX),

-(Succinimid-3-ylI-N)- has a structure
represented by the following formula:
[Formula 2]

O

N_

www.clarkemodet.com
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In this regard, although the linker structure is not identical, there is no
information disclosed in the description allowing to identify a surprising effect
achieved by including the specific linker. Therefore, the technical effect is
obvious in view of the teachings disclosed in the prior art.

In conclusion, for the opponent the claimed invention is obvious when
considering the teachings disclosed in Govindan et al.

2. Technical Advice

After having reviewed the instant application and the opponent’s arguments, we
would like to draw your kind attention to the following facts:

Please note that according to our current practice, a defense brief may be filed
for responding to the arguments of the opponents against the clarity, unity of
invention and inventiveness of the present invention. In the defense brief, it
could be included an amended claim set that allows to compare the
characteristics of the invention with the state of the art.

Regarding the clarity, please note that set of claims has been amended based
on the specific objections indicated by the Colombian examiner in the first
formal office action and in order to comply the local requirements. In this way,
we suggest maintaining the claims and waiting for the issuance of the
substantive office action so that we could evaluate if the examiner indicated
new objections and it is necessary to further amend the claims.

In connection to the unity of invention, in our opinion, an objection to the unity of
the invention can only be stablished once the patentability assessment has
been conducted. In this way, we do not consider valid the arguments indicated
by the opponent regarding this requirement.

With respect to the arguments against the inventive step of the claimed
invention in view of the teachings disclosed in Govindan et al., if you consider
pertinent, it could be filed arguments demonstrating that the technical
characteristics disclosed in the set of claims would have not been obviously
derived from the teachings disclosed in the cited document. Specifically, it
would be helpful to expose technical data and arguments proving an advantage
or_unexpected technical effect achieved by the specific characteristics of the
antibody-drug conjugate which could not be anticipated by th skilled person in
the art. Please let us know if said data is available.

Please be advised that in case a response to the opposition is not filed, the
application will be evaluated considering the arguments submitted by the
opponent. After substantive examination, it will be issued an office action
indicating the examiner's position and the arguments and documents which
indeed affects the patentability of the invention, if any.

Please let us know how to proceed.

www.clarkemodet.com
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Deadline

Please be informed that the deadline for filing a response to the office action is
August 1, 2017, which is extendable once, for 60 working days. Nonetheless,
as we need a certain amount of time in order to prepare the response, we
appreciate receiving your instructions by July 25, 2017. Otherwise, if we do not
receive your instructions by the mentioned date, we will request the indicated
extension of time. The costs involved on an extension of time are: official fee
USD $42, professional fees USD $207 plus VAT (19%).

» IMPORTANT NOTE: Since failure to reply to an Office Action leads to the
lapse of the application, in the absence of your instructions until July 25, 2017,
we shall automatically file a time extension and will charge for this service.

Divisional applications

Please be advised that according to our current practice, a divisional application
can be filed anytime during prosecution of the parent application, before the
issuance of a final decision. However, we clarify that a divisional application
cannot contain subject matter which has been already evaluated by the
Colombian examiner or overlaps subject matter of the parent application;
otherwise, the division will be rejected by the Colombian PTO. In addition, as a
recent adopted practice, when filing a divisional application, it is mandatory to
limit the scope of the description (including the examples) to the specific subject
matter claimed in the divisional claims.

If you have any comments or questions, please do not hesitate to contact us.

Very truly yours,

Paola Rua
Patent Engineer
prua@clarkemodat.com.co

www.clarkemodet.com
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SUPERINTENDENTE DE INDUSTRIA Y COMERCIO
E. S. D.
REF: EXPEDIENTE NC2016/0000187

TITULO SOLICITADO: “CONJUGADO DE ANTICUERPO-FARMACO ANTI-
RECEPTOR 2 DEL FACTOR DE CRECIMIENTO
EPIDERMAL (HER2)”

PUBLICACION: Gaceta 780 de 30 dic 2016 de 2015
PRIORIDAD: JA 2014-017777 31/01/2014

JA 2014-168944 22/08/2014
JA 2014-227886 10/11/2014

SOLICITANTE: DAIICHI SANKYO COMPANY,LIMITED
APODERADO: CAROLINA MERCEDES DAZA MONTALVO
TRAMITE: PRESENTACION DE OPOSICION

JUAN PABLO REYES VILLAMIZAR, mayor de edad, identificado como aparece
al pie de mi firma, abogado en ejercicio, titular de la tarjeta profesional nimero
92189 del Consejo Superior de la Judicatura, obrando en calidad de apoderado de
la sociedad LABORATORIOS LEGRAND S.A., en ejercicio de lo dispuesto por el
articulo 42 de la Decision 486 de 2000, muy respetuosamente me permito formular
la siguiente

I. PETICION

Sirvase negar el beneficio patentario a la solicitud contenida en el expediente
NC2016/0000187, por no cumplir con lo dispuesto en la Decisién 486 de 2000, con

base en los fundamentos que se expondran a continuacion.
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1. LEGITIMO INTERES

Asiste a LABORATORIOS LEGRAND S.A., legitimo interés para presentar esta
oposicién, pues la eventual concesién de la solicitud restringiria injustificadamente
el empleo de ciertas sustancias, derivados y procesos que a nuestro juicio carecen
de nivel inventivo, en detrimento de sus legitimos intereses comerciales. De igual
manera mis clientes estan interesados, por su misma condiciéon de industrias
farmacéuticas, en evitar la concesion de privilegios de patente que incumplan los
requisitos materiales de patentabilidad establecidos en las normas vigentes, y que

supongan un riesgo para la libre competencia.

L. FUNDAMENTOS DE LA OPOSICION

La solicitud colombiana en tramite NC2016/0000187, referida a un conjugado de
anticuerpo-fArmaco caracterizado porque un compuesto antitumoral esta
conjugado a un anticuerpo anti-HER2 en forma de una estructura farmaco-
enlazador, no cumple los requisitos materiales para otorgarsele el privilegio de
patente de invencion, tal como puede determinarse al valorar los siguientes

argumentos:

Falta de claridad y concisiéon

La solicitud carece de concision ya que las 16 reivindicaciones no definen
especificamente las caracteristicas técnicas esenciales del conjugado de
anticuerpo-farmaco que busca protecciéon, esto debido a que en las

reivindicaciones principales se presentan diferentes enlazadores al anticuerpo

seleccionables que a su vez comprenden una cantidad no determinada de

compuestos.

Aunque las reivindicaciones incluyen las formulas y las secuencias del anticuerpo,
éstas no definen todas y cada una de las posibles moléculas que buscan
proteccién segun las alternativas divulgadas, ademas, se encuentran definidas a
partir de sustituciones y resultados opcionales lo que no aporta a la identificaciéon
de la molécula objeto de la solicitud en tramite. Por lo tanto, las modalidades

pretendidas tampoco encuentran sustento por la descripcion.
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Ahora bien, la reivindicacion principal de la presente invenciéon reclama como

caracteristicas técnicas esenciales tanto el compuesto de formula 1, los

enlazantes y anticuerpos (como Trastuzumab), idea que estad alejada de la
realidad pues como se vera mas adelante, el estado de la técnica anticipaba este
tipo de conjugados, asi como los agentes antitumorales, los anticuerpos como

trastuzumab, y la parte succinimid del agente enlazante.

La forma de redaccién de la reivindicacién principal no es clara ni concisa y tiende
a confundir al lector, no es claro cual es la parte caracterizante de dicha invencion,

y por el contrario trata de reclamar derechos sobre materia que es ampliamente

conocida como son los anticuerpos anti-HER2 (podria tratarse de trastuzumab) y/o

derivados de campotecina.

Adicional a lo anterior, la solicitud en estudio tampoco cumple con el criterio de
claridad por cuanto no se define la condicién reductora en el método de las

reivindicaciones 11 a 16:

11. Un método para preparar un conjugado de anticuerpo anti-HER2, caracterizado
porque el anticuerpo anti-HER?2 se trata en una condicion reductora y después
se hace reaccionar con un compuesto seleccionado del grupo de compuestos
mostrado a continuacion:
(maleimid-N-if)-CH2CH2-C(=0)-NH-CH2CH20-CH2CH2-O-CH2CH2-C(=0)-
GGFG-NH-CH2CH2CH2-C(=0)-(NH-DX),
(maleimid-N-if)-CH2CH2CH2CH2CH2-C(=0)-GGFG-NH-CH2-0O-CH2-C(=0)-(NH-
DX), or
(maleimid-N-il)-CH2CH2CH2CH2CH2-C(=0)-GGFG-NH-CH2CH2-O-CH2-C(=0)-
(NH-DX),

en donde (maleimid-N-il)- es un grupo representado por la siguiente formula:

(--)

en donde el anticuerpo anti-HER2 comprende una cadena pesada una cadena
ligera seleccionada del grupo:

una cadena pesada que consiste en una secuencia de aminoacidos que consiste
en las posiciones 1 a 449 de SEQ ID NO: 1 y una cadena ligera que consiste en
una secuencia de aminoacidos que consiste en las posiciones 1 a 214 de SEQ ID
NO: 2y

una cadena pesada que consiste en la secuencia de aminoéacidos de SEQ ID NO:
1 y una cadena ligera que consiste en la secuencia de aminoécidos de SEQ ID
NO: 2.

y en donde adicionalmente las secuencias pueden ser seleccionadas entre

diferentes segmentos de la cadena de aminoacidos de las SEQ ID NO: 1y 2.
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Por lo tanto la materia objeto de las reivindicaciones excede lo desarrollado y

corresponde a una extrapolacioén no razonable de las moléculas evaluadas.

De acuerdo a lo anterior, la solicitud falla en cumplir con lo dispuesto por el
Articulo 30 de la D. 486 que precisa lo siguiente: - Las reivindicaciones definiran la
materia que se desea proteger mediante la patente. Deben ser claras y concisas y
estar enteramente sustentadas por la descripcion.

Por otro lado, las reivindicaciones 11 — 16 que establecen el método de
produccién de un conjugado de anticuerpo anti-HER2, incluyen regiones
funcionalmente diferentes que no se relacionan ni en su estructura ni en su funcion
entre los conjugados de las reivindicaciones 1 — 11, por lo que la solicitud ademas
incumple con el requisito de unidad de invencion tal como lo determina el Art. 25
de la D. 486: -La solicitud de patente sélo podré comprender una invencion o un
grupo de invenciones relacionadas entre si, de manera que conformen un unico

concepto inventivo.

En este sentido, la solicitud no sélo comprende diferentes categorias desligadas
entre si de las caracteristicas esenciales, sino que ademas incluye una cantidad
no determinada de posibles invenciones al sumar a un método ya bastante amplio

en el que se incluyen ademas moléculas comerciales, tales como el anticuerpo

Trastuzumab, dentro de las secuencias reclamadas y que son objeto de

evaluacién en toda la memoria descriptiva de la solicitud.

Por otro lado, la solicitud en tramite pretende la protecciéon de un medicamento de

acuerdo a las siguientes caracteristicas:

9. Un farmaco antifumoral y/o farmaco anficancerigeno caracterizado porque
contiene el conjugado de anticuerpo-farmaco de conformidad con la reivindicacion
1.

Sin embargo, se considera que tal descripcién no es clara ni concisa y podria
cobijar un sinnimero de composiciones que comprenden conjugados con
compuestos antitumorales. Asi las cosas, la materia de las reivindicaciones y en
general la solicitud en estudio no puede ser objeto de patente pues incumple las
normas minimas de presentacién, como es la claridad, concisién, soporte y unidad

de invencién.
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La solicitud carece de nivel inventivo

Segun la descripcion, la solicitud trata de resolver el problema técnico objetivo de
disminuir la toxicidad del tratamiento del cancer con un antitumoral mediante un
conjugado entre un compuesto antitumoral, un agente enlazante y anticuerpo anti-
HER2 (podria ser trastuzumab):

En este contexto, los inventores crearon un enlazador con una estructura
especifica y exitosa en la obtencién de un conjugado de anticuerpo-farmaco en el
cual el anticuerpo anti-HER2 y exatecano son conjugados enfre si mediante el
enlazador, y se confirma un excelente efecto antitumoral presentado por el
conjugado para de este modo, completar la presente invencién.

Materia que ya habia sido revelada en el estado de la técnica, prueba de ello se
encuentra en el siguiente documento publicado anteriormente a la fecha de

presentacién de la solicitud en estudio y que cito a continuacion:

- Publicacibn Americana US 2016/0287722 A1 “Immunoconjugates with an
Intracellularly-Cleavable Linkage” Serengulam V. Govindan, Summit, NJ [US]
2016-10-06, objeta el nivel inventivo de la solicitud en trdmite ya que describe
conjugados terapéuticos con mejorada capacidad de marcar varios tipos de

células cancerigenas que contienen motivos diana y motivos terapéuticos:

bR i G
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Como se puede ver en el sumario, Govindan et al revela las caracteristicas
esenciales del conjugado de anticuerpo reclamado, tales como el motivo diana, el
motivo quimioterapéutico, el ligador o enlazante que comprende un grupo tiol, en
el que se unen los anticuerpos anti-HER2 entre otros anticuerpos, tal como se

puede observar en el siguiente fragmento:
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De igual forma, los compuestos derivados de hidroxicamptotecina con 4-(N-
maleimidometil) ciclohexano — 1 carbonil se divulgaban previamente en dicho

documento:

Ademas, se desea resaltar que el agente enlazante se habria anticipado ya que el
ndcleo succimid habia sido revelado por Govindan:

Solicitud Colombiana NC2016/0000187 US 2016/0287722 A1

Rv1:
-(Succinimid-3-il-N)-CH2CH2CH2CH2CH2-
C(=0)-GGFG-NH-  CH2-O-CH2-C(=0)-(NH-
DX),

-(Succinimid-3-il-N)-CH2CH2CH2CH2C H2-
C(=0)-GGFG-NH-  CH2CH2-0-CH2-C(=0)-
(NH-DX), 0 :

-(Succinimid-3-il-N)-CH2CH2-C (=0)-NH-
CH2CH2-0-CH2CH2-0-CH2CH2-C(=0)-
GGFG-NH-CH2CH2CH2-C(=0)-(NH-DX),

(Succinimid-3-il-N)- tiene estructura
representada por la siguiente férmula:

{Foramyia 23

i, ,%«_a,ﬁ,\;

e
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e
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Ahora bien, aunque la estructura del enlazante no es idéntica, se observa que en
la descripcion no existe informacién suficiente que permita identificar un efecto
sorprendente o novedoso obtenido por dicho enlazante, en comparacién a otros
enlazantes conocidos en el estado de la técnica, y se considera que el efecto
logrado era obvio al emplear un anticuerpo como por ejemplo trastuzumab para

dirigir el compuesto citotdxico hacia las células diana.

En conclusién, la reivindicacién principal ya era conocida en el estado de la
técnica si se tiene en cuenta:

- El compuesto antitumoral derivado de campotecinas asi como su uso en
conjugados de este tipo

- Anticuerpos anti-HER2 (podria tratarse de trastuzumab) asi como su uso en
conjugados

- La parte succinimid era ya usado por otros autores como Govindan

y dado que no existen datos que indiquen que el agente enlazador es el
responsable de mejorar 0 aumentar el efecto biologico del tratamiento antitumoral

no es posible considerar que la presente solicitud sea inventiva.
Rogamos se analicen los argumentos expuestos con el rigor y detenimiento
habituales y que en consecuencia se decrete, ademas de la negacién de la

solicitud en comento, el archivo del expediente que la contiene

Iv. FUNDAMENTOS DE DERECHO

Son fundamentos de derecho el Capitulo |, (Requisitos de Patentabilidad) y el
articulo 42 (Oposiciones) de la Decisién 486 de 2000.

V. SOLICITUD DE PLAZO EXTRA PARA SUSTENTAR LA OPOSICION

En desarrollo de lo dispuesto por el articulo 42, inciso 2° de la Decision 486,
solicito comedidamente a su Despacho el plazo adicional de sesenta dias para
sustentar la presente oposicion. Para los anteriores efectos, me permito anexar la

constancia de pago correspondiente.
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V. PRUEBAS

Ruego que se tenga como tal, sin perjuicio de las que puedan presentarse al
vencimiento de la prérroga solicitada, y de aquellas que el Despacho considere
oficiosamente, el siguiente:

D1. US 2016/0287722 A1 “Immunoconjugates with an Intracellularly-Cleavable
Linkage” Serengulam V. Govindan, Summit, NJ [US] 2016-10-06, portada, p 1-3,

reivindicaciones

V. ANEXOS

Para efectos del tramite correspondiente, me permito anexar al presente escrito

los siguientes anexos:

1. Certificado de existencia y representacién legal de LABORATORIOS
LEGRAND S.A..

2. Poder para actuar.

3. Constancia de pago de las tasas de tramitacién de oposicion.

4. Las mencionadas en el acapite de pruebas

VIl. NOTIFICACIONES

El suscrito recibira notificaciones en la secretaria de su Despacho o en mi oficina
localizada en la Carrera 17 No. 88-23, Oficina 205, Fax (1) 621.25.42 de esta
ciudad. Laboratorios Legrand S.A. las recibira en la secretaria de su Despacho o
en la Carrera 19-A No. 90-13, Oficina 901 de Bogota D.C.

Sefior Superintendente,

JUAN PABLO REYES VILLAMIZAR

C.C. 80.419.709 de Usaquén
T.P.A. 92189 de C.S.J.
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Background: White the treatment of EGFR-mutant NSCLE has significantly
improved with the use of EGFR tyrosine kinase inhibitors, there

remain limited treatment options for many patients who develap

resistance to these agents. The HER3/ERBB3 ohcogene is oversxpressed

in many cancers, inctuding NSCLC, and highier expression is correlated with
poorer outcomes. U3-1402 is a novel antibody-drug conjugate (ADC)

compr jsed of a recombinant fully human anti-HER3 antibody (patritumah)
covalently conjugated via a cleavable peptide |inker to a derivative of
the topcisomerase 1 inhibitor exatecan. After U3-1402 binds to HER3 on
the tumor cel!l surface, it is internalized and leads to apoptosis via
inhibition of topolsomerase I. This ADC achieves a high drug—to-antibody
ratio of w8:1. Method: Trial Design: This is a multicenter, open-iabel
Phase 1 study of U3-1402 in metastatic or unresectable non-squamous NSCLC
subjects harboring EGFR-activating mutation who (a) are T780M
mutation-negative after disease progression during treatment with
eriotinib, gefatln:b or afatinib or- (b} develop disease progression while
on osimertinib. Eligible subjects are at least 18 years of age, have ECOG
PS 0 or 1. have radiological documentation of disease progression while
receiving continuous treatment with erlotinib, gefitinib, afatinib, or
osimertinib, have at least one measurable JESIon per RECIST vi. 1, have
adequate bone marrow and organ function, do not have LVEF <45% by either
ECHO or MUGA scan, do not have mean (Tc prolongation to >470 ms for.
females and >450 ms for males, and do not have spinal cord compression or
clinically active brain metastases. This study includes two- parts: Dose
Escalation and Dose Expansion. In Dose Escalation, subjects receive
U3~1402 via intravenous infusion in Zi-day aycles. - in Dose Escalation,
escalation of U3-1402 dosing between subjects is based on dose~§:m;tsng
toxicity data in subjects, guided by the modified Continuous Reassessment
Method (mCRM) using a Bavesian fogistic regression mode! (BLRM) following
the escalation with overdose control (EWOC). principle. In Dose Expansion,
subjects receive U3-140Z at the recommended dose for expansion determined
in Dose Escalation. Primary ohjective is to determine the safety,
tolerability, and recommended dose for expansion of U3-1402, Secondary
objectives are to assess the pharmacokinetic parameters of U3~1402, total
anti-HER3 antibody, and MAAA-1181a (drug payload), and to assess
antifumor activity of U3-1402 {(RECIST vi.1). Clinicaltrials. gov
identifier: NCTO3260491. Result: Not app[|cahie Conclus:on Hot
applicable.

Phase 1 study of the ante—HER3 antibody drug conjugate U3-1402 in
metastatic or unresectable EGFR—mutant NSCLG. '
Background: While the treatment of EGFR-mutant NSCLC has ssgnaf;cantiy _

https:/strweb-japan.cas.org/cgi-bin/sdegi?SID=1503279-0835433221-300&APP=stn... 2018/04/06
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improved with the use of EGFR tyrosine kinase inhibitors, there

remain |imited treatment options for many patients who develop

resistance to these agents. The HER3/ERBB3 oncogene is overexpressed

in many vcancers, 1nu§ud|ng NSCLG, and higher expression is correlated with
poorer outcomes. U3-1402 is a novel antibody—-drug conjugate (ADG)
comprised of a recombinant fully human anti-HER3 antibody (patritumab)
covalently conjugated via a cieavable peptide linker to a derivative.of
the topoisomerase 1 imhibitor exatecan, After U3-1402 binds to HER3 on
the tumor cell surface, it is internalized and leads.to apeptosis via
inhibition of topoisomerase I. This ADC achisves & high drug-to-antibody
ratio of w81. Method: Trial Design: This is a multicenter, opsn-label
Phase 1 study of U3-1402 in metastatic or unresectable non-squamous MSCLC
subjects harboring EGFR-activating mutation who (&) are T790M
mutation-negative after disease progression during treatment with -
erlotinib, gefitinib, or afatinib or (b} develop disease progression while
on. osimertinib. Eligibls subjects are at least 18 years of age, have ECOO
PS 0 or 1. have radioclogical documentation of disease progression while:
receiving continuous treatment with erlotinib, gefitinih, afatinib, or
osimertinib. have at leszst one measurable lesion per RECIST v1.1, have
adequate bonhe marrow and organ function., do not have LVEF <45% by either
ECHO or MUGA scan, do not have mean (7¢ prolongation to >470 ms for
femafes and >450 ms for males, and do not have spinal cord compression or
clinicaliy active brain metastases. This study includes two parts: Dose
Escalation and Dose Expansion. In Dose Escalation; subjects receive
U3-1402 via intravenous infusion in 21-day cycles.” [n Dose Escalation,
‘escalation of U3-1402 dosing between subjects is based on dose~limiting
toxicity data in subjects,  guided by the modified Continuous Reassessment
WMethod (mCRM) using a Bavesian logistic regression model (BLRM) following
the escalation with overdose control (EWOC) principle. In Dose Expansion,
subjects receive U3-1402 at the recommended dose for expansion determined
in Dose Escalation. Primary objective is to determine the safety, -
tolerability, and recommended dose for expansion of U3-1402.  Secondary
objectives are to assess the pharmacokinetic parameters of U3-1402, total
anti-HER3 antibody, and MAAA-1181a {(drug payload), and to assess
antitumar activity of U3-1402 (RECIST vi. 1): Glinicaltrials_gov
identifier: MOCTOQ3260491. Result: Not applicabte. Conclusion: Not
applicabie. : i .

httpé://stheb—j apan.cas.org/cgi-bin/sdcgi?SID=15 03279-083 5433221 -300&APP=stn... 2018/04/06
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Meolecular cloning and expression of an additional epidermal growth

factor receptor-related gene

{reveptor tyrosing kinase/sequence,/amphicegulin/ERBB2/EREBY

GREGORY D, PLowman, Gena 3, Waitney, Micwazre G, Neunsurr, Jansrr M. Greew,
Viexy L. MoDomare, GrorGe J. TODAR, AND MoHAMMED SHOVAB

Cmeogen, 3505 First Avenue, Seattle, WA S8121

Coniribuied by George I, Todure, March 21, 1950

ABSTRALT Epidermal growth facior (EGH), transforne
g growth facter & (TGF-2), and amphiregulin are struciug-
aily and fenctionaily related growth regulatory proteius, Thess
secreied polypeptides all bind to the 178-5Da cell-carfnce EGF
receptor, activating is infrimsic kimase seiivity, However,
amphiregulin exbibite ditferent activities than 2GF and TGF-«
in & number of biclogical assayvs. Amphiregulin only paritaily
competes with EGF for binding EGF recepter, and amphiveg-
ulin doss not indues anchorage-independent growth of normal
rat kidney ceffs (NRK} i the presence of TEE-8, Amphiregulin
alse appears (o abragate the stimulatory offoef of TGF.a o6 the
growth of several apgressive eplihedial corcinomas that over-
express EGF receptor, These fndings suggest that amphiveg-
nlin may interact with 8 separate recepter in certain cell types,
Here we report the cloning of ancther member of the homan
BGE recepior (HER) family of receptor byrosine kinases, whick
swe have named CHERI/ERRELY The «DNA was isolated
from & human carcinoma celf He, and its G-kilobase transeript
was identified fo varicus haman tissues. We have generated
peptide-specilic antisera that recognizes the 166-kDa HER3
prefein whes tronsienily cxpressed in COS colls. These re-
agewnts will atlow us t6 determine whether HER3 binds amphi-
regnlin or other growih regulatury profeins and what rele
FIER3 proiein plavs in the regulation of cell growih.

Epidermal growth factor (EGFE), iransforming growth factor
a (T8, and amphiregalin (1-3) all bind o the 170-kim
celi-surface B {EGF-R), resulting in sctivalion of
its iniri se activity (3-6). Amphivegulin was orige
inally identified from ph(arboi estor-treated human breast
carcinoma cells (MOFE-T) oo its ability to inhibit the growthof
several carcinoma cell hones while stimulating the prohifers-
tion of normal cells (7). The secretad form of amphiregalin is
a T&-amino acid ghycoprotein that is protociytically cleaved
froma a larger tramsmembrane precurser (4. Amphiregulin
contaias a motif that is 38% identical with EGE and conserves
wost residues implicated as involved in bindisg to the EGF-R
{3, 4. In addition, mature amphiregulin comaing & distinet
MEL-termiaal seguence of 43 predominantly hydropbilic
amine acids, not present in other BGF-like proteins. Bacause
refated hgands oiten bind structurally simifar recepiors (8-
18, we speculated that FGF, TGF-x, or amphiregulin may
differentially interact with 2 homolog of EGE-E. After fuiling
to show any inferaction between these thiee secreted growth
factors and HERZ/usu, » knows EGH-R-related protein, we
initiated a search for other members of this faraily of receptor
tvrosine kinases, This repoert descnbes the cloning and
expressinn of human BGF receptor (HERJ3,* a candidate
receptor for EGF-like growth faclors.

The pubbication costs of this article were defrayed in part by page charge
paymeant, This article must therafire be hereby murked “advertiverment”
in accordance with 1% 11,8.C. §1734 solely 1o indicate this fact.

MATERIALS AND METHODS

Cell Cultmre. Al cells were obtained from ATCC and
grown in Dulbecen’s modified Eagle’s medium (DMEM)/
10% heat-inaciivated fetal bovine serum,

eDMA Cloning. Total osililar RMA was extracted iy
A-431 {zobolone A3, and MI&-MB-361 colls, and poi {
RM& was {solated. First-strand cDNA synthesis {3113 was
serformed on A L3 RMA with reverss tr&s*\\mgﬂa . by
using 2 72-fold degenerate primer mintnee bagesd on the
aming acid scquence (n one-letter codel YMIMYRCOWMI
{ARRDI) A ¢DINA Hbrary was consirncted in Agtll, and
3.4 X 1P recombinanis were screened in duplicate on nitro-
cethulose filters. Filters were first pr obed at low stringensy
witls 2}.’ Mwicd ARRD’:, a ¥6-fold degenerate oligonucies-
tide. The filters were then stripped and rﬁpmbed at high
stringency wnh "P Iabeled FOPE00, & cDNA fragment
correasponding {o amino acids 563-944 of EGF-R (32), O 68
clones that diffecentially hybridized to ABRDZ and
BGYFRYWO, three were found to encede an EGF-Rorelated
et SRR, six Slonds encoded HERD priein, and 10
clonsea spained varioliy f{tgg@m of BGE-R. Oue HERE clone
was used as 3 probe (o screen a Agtll cBNA Bbrary derived
from oligo{dTi-pomed M I) A-MEB-361 RNA, and three addi-
tional cDNA cloaes were bsolated—one with a 4.5 kil
{kb) tosert (pHER3-3b). To obtain the 5'-cDNA clone, we
used ihe polymerase chain reaction (FUE) as follows. Single-

siranded e DNA, synthesized from MDA-MB-361 RMA with
FT29ERR as primer, was dA-tailed and used as template for
PCE amplification by using ST2HERR, X8CTL7, and X8C as
primaes {133 Al 1 IINA clones fud Several POY-generasd
clodwsy were sequenced on bofl staads by oaleg T7 pedys
merase with oligonucicotide primers {14},

The oliponucleotide mixtures {inciuding their degencracy
or length and wircsp\mding amion acid residues) used for
priming and auvsesing the X gﬂi} fbeary were as fafows
{seguances in paentheses are in one-letter amino ackiciie

3

o~

B ATCATCUARCAYTTDAZCATDATCATRTA~S",
{72-foid, YMIMVHIRMI)
ARRD? B -GUCATCCAYTTDATHNGHENAC-3,
Sa-fold, YPIKWMAY
STRERRK 5'-TOSTCGCACTOCTICACCACTATLTOA-3",
{Zemner, QIVIVED

ARRDL

STAERR &

X8CTHT

nEC B-GACTOGAGTCRACATOG-3T,
{i7-mer}.

F, epd idermal growth fa' oy, HGEF-R, ﬁm" recep-
rming growth factor «; HER, buman HGF
2TAse il’idi 1 reackion; nt, r-udemtc?-:(s,

Abbreviations: £
tor; TGP, fra
receptor FCR, pol
g sequance re P
sBank dats base (accassiol
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Degenerate residuss sre as follows: = A G or Ti N = A,
C.GoTiB=AocrinY=Co T,

Fxprescien of HERY in €08 Celis, The complete 4.1-kb
HERZ coding sequence was reconstnucied and inserted into
sCDMSE (Invitrogen, San Dieged -based expression vector,
The resulting plasmid {(cHEE3K) was grown in competent
Frcherichic coff MC1061/P3 bacteria {15} and was introduced
into CO8-1 celis by using the DEAE-doxiran method (13

Brsmunobintting. Cell peliets were harvested 7286 br after
iransfection; one hundred g of protein was separated by using
79 SDS/PAGE and analyzed by immunoblotting with poly-
clonal antisera generated against synthetic peptides {16} spe-
cific 1o the kinase domain of HERY (PPDDROLLYSEAKT,
annno acids 841-854; GAEPYAGLRLAEVED, aming acids
889-501: sequences shown using single-lotier code).

RESULTS

Amphivegsiin Purificd feem MOF-T Colls ks Mot a Ligand for
HER2/ new. EOF-R chares structural homology with HER2/
nen, the protein podwgt of ERBB2 grotponcogens: 3%
arsine acid idesitity Sy srsie Kinase domain,
and 42% nomsology is present in the extracelhlar Hgand-
binding domain, where 4% of 50 oysternes are conserved (12,
173 Therefore, we sought to establish whether amphiregulin
interacted with this patative rf::;cp-‘.(s[‘ and homolog of EGF-R,
because the ligand for HEE2/neu has not been identified.
Experiments were performed cn cells expressing high levels
of human (SKBE-3 and BT474) HER?Z or vat (8104-1-1 and
DHEE-GE) neu protein. Ehrect binding, in vitro Kipase as-
says, proliferation assays, in vive phosphooylation, and re-
ceptor down-regulation assays (18) all showed no association
between the 78-amndine acid fora: of aniphiregnlin and HERZ/
gen (G.E.P., M.S., Y. Yarden, G.J.T., and R. Weinberg,
data not shown). The lgand for HERZ /nen romans clusive.

Isodation of ¢DMA Clenes Bucoding as ELHF-R-Related
$ieme. Norihern (RNA) biot analysis of A-431 and human
placental RNA provides evidence for the existence of other
EGF-R-refated transcripis {12, 171 A subelone of the A-431
ne {A-431-A3) was isolated after growth o soft agar and
was characierized to bave 30-fuid-increased sensitivity {o
aopliregudin whibion as campared with the parcoial ling,
ved had noe afteration i the sumber or affinity of EGF-Rs as
racasured by bindiag competition assavs {73, Poly{Alt ENA
was prepared from these cells, and a cDNA Hbeary was
constructed by specific priming with a 72-fold degeneraic
oligonuclentide complementary 16 a stretch of 16 amino acids
unigque to the kinase domains of EGF-R and HERZ/peu. A
S6-fold degenerate oligonucleatide probe, brsed on an up-
stream repion of 7 amine acids conserved in EGEF-R and
HER2/neu, was used 1o screen the ¢DINA hibrary at low-
stripgeney conditions, BGE-B clopes wers ehimninaied by
rehvhodization at bigh sivlogency with a short EGF-RcDNA
probe spaamag the same region of the kinase domain. Sixty-
nine clones were partially sequenced, revealing three clones
that encoded a closely related, yet distinct, member of the
ERBB/EGF-R subfamily of receptor tyrosine hinases. A
survey of seversd human wmor cell Hues identified the breast
carcimorma seil fine, MBA-MB-361, 1o be a mere abundant
source of the 8-Kb transceipt than A-431-A3 cells, so it was
used 16 isolate overiapping CDNA clones »p"mmr'p the entire
coding sequence of HER3I The HERS rr'mswsp was also
detected in several primary breast carcinomas and i woomal
codon, kidney, breast, and brain RMA {data aot shows).

The nucleotide sequence for HERY containe an opzn
reading frame codiag for 1342 amine acids beginning with 2
wnswsw~iui(iafng methionine af nucleotide {nt} 199 (Fig.

. The aming amdc downstream of this methionine have the
aharaa etstics of a signal sequence; the matu re protein is
predicted o begin al Ser-20, followed by 1323 amine acids

OnCusp
Ex. 1002

Proc, Nad, Acad. Sci. US4 87 {i9%G)

with g calctdaied A4, of 146,008, The 4026.at coding region is
flanked by 198 nt of & and 735 of of 37 usteansiated so-
guences. No poby(a) tail is present, suppesting this is a partial
cEINA sequence,

Structural Domzins of HER3, HERS has all the siructual
features of receptor {yrosine Kinase (19}, with a single hy-
drophobic stretch of 32 amiono acids characienistic of 2
trassmembrane region that separates the sequence info &
&1 2-residue extraceilular ligand-binding domain and 3 877
amine acid COOH-termdinal cytoplesmic domsin strongly
homolopous with other members of the tyrosine mase family
(Figs. 2 and 3). The ligand-binding domain can be divided into
four subdomains (-1}, including two cysteine-rich regions
(81, 1V} that conserve all 48 cystelnes present in the corre-
sponding regions of the EGF-R {12} and two flanking domains
{} and TII} that may define specificity for Higand binding (21}
HEER? shares 40-509 identity with EGF-E and 40-45%
identity with HER? /neu in cach of these subdomaing (12, 17).
There are 10 pnt»miat MN-linked giywosv}ation sites in the
extraceibular domain of BERS, »Oam,rvmg 3 of 12 potential
P-Rand 3 of & sites in HERZ/neu. The cytoplasmin
domate includes the fellowing: a stretch of basic residues
flanking the membrane-spagning region; a consensus ATP-
hinding sifc (Gly-Xaa-Gly-Xaa-Xaa-Gly-Xaa,-Lys), sond se-
quences hemelogous to other memwbers of the tyrosise kinase
family (221; an acidic heheal motif similar to the domawn of
BGFE ihat confers ceceptor internalization and lgand-
dependent caloim influx (23) and a hydrophilic COOH-
terminal tail comtaining 13 tyrosines (Fig. 3). The kinase
domain of HER? is most similar to BGF-R and HERZ/neu (50
and 2% and shared lower homology (26-34%) with repre-
sentatives of other classes of tyrosine kinases (Fig. 2. EGF-E
and HEHR2/neu have 83% amino acid sequence tdentity
between thelr kinase domaina, suggesting that, in this do-
main, they are more closcly related to each other than they
are to HERS,

The cyioplasmic doruein of FIER3 also bas several umigue
festares {Fig. 3}, Proteln kinase C-induced phosphorviation
of BOGR-R occure primarily on Thr-654, whereas Thr-669 kas
beer imphcated as a major site for phosphorviation of EGF-R
in response to BEGF (24, 25). Both of these residuss awe
conserved in HER2/neu, but both are altersd in H
{Ala-657 and Asp-672). Revens studiss using BEOGF-R mutanis
have shown that preventng phosphior yiatmn ai cither residuc
has oo effect on EGF binding; however, in certain cell lines,
phosphorviation of BGEP-R Thr-834 by phorbol esters appears
te block EGF-induced mitngenesis {24, 253, HER]S already
contains these “‘mutations” and may lack this asgative
control mechanismn indused by protein kinase €.

Two aiditional atypical amine acid changes are present in
the HERS kioase domain {Fig, 33 A seguence comparison of
protein kinases reveals certain residues that are either highly
or completely conserved (223, HERS3 contains most of these
amino acids including Ghy-687, Gly-69%, Val-704, Lys-723,
Asr828, AspBi3- Ph-ﬁ%diu(;ty B35, Gha-B82, Asp-874, Ghy-

B79, and Arg-936; however, HER} has nonconservative
substitetions at Cvs-721, ny”f&ﬁ and Asn-8i5, The latter
two amino ackds are presenf as giuiamate and aspariale,
rospectively, in all known protein kinases—serine/threonine
as weil ag tyrosine kinases (Filgs. 2 aad 3}, Steict conservation
of these residues suggests that they are imporiant for catalytic
activity, and the amine aoid changes at {hese positions in
HERD indicate it might have altered kinase activity.

The COOH-ternunal 353 amino acids of HER3 contain 13
fyrosines, several of which are flasked by numercus charged
residues, These features are characteristic of the aumphes—
phoryviation domains of EGF-R (26} and HER2/neu (27}, yet
this region of HERS shares no significant primary sequencs
homology to eliher of these iwe family members and is
~33-50% longer. The sequence Tyr-Ghu-Tye-Met s tepeated
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TG, I Muecleotide sequence
snd deduced amino acid szquence
of human HERY {1342 residues).
Nucieoiides are nam‘verad ai 186t
and amino acids (in one r,m:r
codel are numbered above the se-
quence. The 19-residue signal se-
guence i singly nndetlined, and
the predicted NH; terminus of the
matuse profein is indivated by 3,
The itransmembrane domain s
doubly underdined at amino acids
614645, Potentisi N-finked gly-
cosylation siles {Asn- Yaa-»‘%er or
Asp-Xaa-Thry are dencted W
SCHO-. No poiv(AY tail was pres-
ent ta the clones. This sequence
sapresents acofensus taied on
LREA and FUR chones istated
Trom MEra-ME-361 BNA an
Li’:if:d in subssguent expre
Clonal sequencs

ferences are listad below the con-

sensus residus, xmta.dmg Ade-441
to guanine in gue of foer POR
clones, Dus-1877 to adenins from

was

w‘»\&‘. SREEAAR

v the result of

three times in this domain of HERS,
E h»:e; i,

w sfetornne the B

stad ds oompiste

S under theomat

one A-431 CDNA clone, Ade-361%
to guanine tn one cDNA Clome,
aned Ade-3642 to gusnine in one
cINA clone.

of the cytorusgs 1)\;{: uy immediatesearty promoter (353 This
vector (cHERI % an ransfesed into OO0 celle, and fhe
b 33\1"‘3‘i1‘,1 expressed probefd was fetteisd by imeunivbiot

isera upetilic 1o the cutoplaamic demaia of

sl yais uzing §
HER3, The recombinant protein migraied with an apparent
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M, of 160,006, slightly less than the BGP-R (Fig. 4). The
abundance of EGF-KE in COS cells complicated efforts 1o
assess whether BOF-like Bzands bind HERS. Stable expres-

16, 3

Biochemistry: Plowrgan o al,

Hydraphobie

Hydrephi

40
v
21
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Proteis wquesz\e mz‘upamon between members of the human EGR-R family. Segue
and ide ntsm? residues
by single lines, smmmambxam shonvatag are bounded by o
used for cloning are undedined. Cysteine residues sre marked with etars, th
{Gly-Xaa-Gly-Xaa-Xas-Gly beginning st residue 697 and Lys-723), COOHtermi
residues of HERS referred to i the text are marked with arrows ;A fa-657, Cys-7
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Proc, Marl, Acad, Sci. USA 87 (19901

o, 2. Hydropathy profite (20 of
HERI and comparison of protin do-
mains for HER3 (1342 amino acids),
BEGE-R (G210 amino acids), and HER2
{(Neu) (1255 amine scids). Signal pepiide
and transmembrane domains are reprs-
sented by filled boxes, the cysictng-rich
extvaceliuiar subdomains sre hatched,
and the cytoplasmic tyrosine kinase do-
main is gtippled. Awing acids unique 1
the HERS kinase domain (histidine, a5-
paragine} compared with other prowtn

innses (alutamic and aspartic residues?
are indicsted using the single-letter code.
The percent amine acid sequence wden-
tity beiween HHH and represeniatives
of other ses of tyrosine kinases are
indicated. Sig, signal peptide; I, 1T, Ii,

Auidphayy
v T phorytation BUTEH

Kingae
X

33 &
ig ii: i? g; and IV, exiracenuh}r domains, TM.
2F 21 19 45 transmembrane domain: 37 UTHR, 37 yn-
N OND ND 52 transiafed region; HIR, insubtn rocoptor;
34 PHGFR, platelet-derived growth factor
33 recepior, ND, not determined.

ston of HER3Z in cells facking EGR-R will allow us o
determine wheiher EGE, TOF-a, or amphiregulin inferact
with this putative receptor.
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"HERS

P, 4. Immunoblol aoalysis
of the cwmbmam HER3 trap-
siently ex ed in CO8 oelis,
Lanes: 1, Hf R3-transfected COS
celis; 2, MR mock-transfecad
COS cells. Note presence of a
160-kDa band.

BISTUSRION

Previous blochemisal and biological evidence suggested that
members of the E—IGF;"E‘(}E‘na/amphimguim family are not
funciionally cguivalent {3, 28}, For emmpi PGF-o has an
activity comparable 1o that of BGF in many is vitre assays:
TGF-a and EGF bind with similar affleity fo BGP-R, resulting
in autophosphorylation of EGF-F: boeth ligands induce simitar
changes in intracellular pH and calohum lovels; and both
sransduce comparable profiferative signals in many celi fypes;
however, THP-a appears more potent than BEGF in several in
vive assays, including the prometion of bone resorption,
wonnd healing, and angiogenesis (28). Likewise, amphiregulin
can be distinguished from EGE/TGF-¢ based on EGER
pinding studies sund by & number of biclogical assays 33
The identification of another member of the BGE-R sub-
class of receptar tyrosine kinases roveals 3 greater repertoirs
by which the BEOF/TGOF-a/amphiregulin family of Hpands
wight exert their diverse growth regulatory sigaals. Concelv-
3bly, some differences in biological activity between amphi-
repulin and EGF/TGF-a may result from the ability of
amphiregutin to interact differentially with members of the
BGF-R family. Beczuse BGF-R and HER2/neu have been
showt (0 act synergistically (29), HER3 may loferact with
gither-of these two receptors. Moreover, the disparily in
response o these ligands may be reflocted in the less con-
served oytoplasmic region of HER? compared with EGE-R
and HER2/neu. The COOH-terminal region of EGHE-R ap-

pears {0 act as a competitive inhibiior for exogenous sub-

strate phosphoeryistion md therebv sexves 1o fine-fune s
kinass activity (26, 27, The more conserved homology
between the cyioplasaic ;r‘gzom of BGF-R and HER2/neu,
a3 opposed to HER3?, suggests these two recepiors share a
mere similar function, whereas the distinctiveness of HER3
indicates it may be subject to different regnlation and rmight
signal an altetnaie blochemical response.

Imicioy review of this manuseript, the seguence of a cDMA
canoding ERBB3 was reported (38, The amine acid se-
guence of EREBRE is identical to that of HER? except for two
residues; both Gly-341 and Gly-1045 of HERS were dedused
10 be ghitamic acid {Glu-341, Gle-1045) in ERBBI. We have
noted four polymorphic purine rosiducs amoag our HERI
oD A clenes (see Fig. 1), Two of these differences alter the
deduced arine acid sequense {(Giu-541 and Ala-1122), with
one change corresponding to a difference between the HERS
and ERBB3 seguences.

The isolation of HER3 cDNA& will facibiate the investiga-
fion on ils function o normal celle and in various pro}iferative
disprders inchuding neoplasia. Site-divected mutagenesis and
expression of raodified HERY in mamralian cells will make
possible the unraveling of the biochemical mechanism of {is
puigtive Hgand(s), including amphiregalin. The generation of
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chimeric receptors consisting of different dommas of the
three BOR-R family members as well as other recepior
tyrosine kinases will further belp (o define the signal-
teansduction pathways used by these receptors and their
sognate Hgands, Conceivably, the multipheity of receptor
and ligand types provides an ergqnism with & betier means io
regulate homeostasis undear varions physiological and patho-
{ogical conditions,

We thank Tony Purchic for his advice and aritical comments on
this mannseript,
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Tﬁop-zlEGP HGAT3I3-1 is a recently identified cell surface
: highly exprassed by e sarcinornas. €
of. T‘rsgy? possesses potentiad sering s
e pimsphmy stion =itgs snd ® phosphatidebinasivet
LRVHS & ;T hiss, we invessigated wihathere
2 might be a functmnal signaling molecule, Uning the
flusrescent probe Furied, we assayed the cytoplassmis cal-
ciurn levels in human cancer cells stimulated with anti-Trop-2
or controf antibodies. Three anti-Trop-2 MAbs, Rs7-7G1H,
MOvi6 and 162-46.2 specifically induced a transient intracel-
jular calcium level increment in up to 40% of the experiments
rovred, Polyglonal antiSera. facognizing vdeambinant
<2 moticules possessad 2 omueh lowsr stinudatian eff-
v. The aecrage latency of antibodydnduced Ca?i rise for
Ovlad33 caliswan 84 38 sse. nternal Ca¥t poantentrasions
reached peaks of 198 = 24 nM vs. basal levels of 61 & 4 nM and
returned to baseline within 193 £ 37 sec. Similar values were
obtained in MCF-7 cells, For comparison, stimulation of
Plguringrgic. receptors on MCOF-7 and OyUp-A32 cells in-
duged a Q'Y rise in most cases, leading to avec’age internal
Ca* concentrations of 297 = 41 and 391 = 3% nM, respec-
tively, Qur findings show that Trop-2 transduces an intraceiiu-
far calcium signal, are consistent with the hypothesis that it
acts as a cell surface receptor and support a search for a
physiologica! tigand. Int. | Concer 76:671-676, 1998,
© 1998 Wiley-Liss, Inc.
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1. INTRODUCTION

The principal rationale for synthesizing exatecan (DX-8951f, Daiichi
Pharmaceutical Co., Ltd, Japan) was to exploit physicochemical features of
the camptothecins (CPTs) anticipated to yield an increased therapeutic
advantage compared with currently available CPT analogs such as topotecan
and irinotecan. The overall therapeutic profile sought in these efforts was
greater and broader antitumor activity, decreased toxicity, and intrinsic
activity without requiring metabolic activation, which may accentuate the
fundamentally large interindividual variability in the pharmacologic behav-
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ior of the CPT analogs and consequently in their antitumor and toxicologic
profiles. Exatecan has completed Phase I clinical development on a broad
range of schedules and is currently undergoing more focused disease-directed
Phase II and Phase III evaluations. Additionally, DE-310, a unique polymer
prodrug of exatecan, which was developed to achieve protracted systemic
exposure to the active drug after a single dose, is also undergoing early
clinical development.

2. STRUCTURE

Exatecan (DX-8951f; (1S, 95)-1-amino-9-ethyl-5-fluoro-1, 2, 3, 9, 12,
15-hexahydro-9-hydroxy-4-methyl-10H, 13H-benzo [de] pyrano [3',4":6,7]
indolizino[1,2-b]quinoline-10, 13-dione monomethane sulfonate (salt) dihy-
drate is a water-soluble, fluorinated, hexaphilic synthetic derivative of CPT
that, in contrast to irinotecan, has intrinsic activity without undergoing
metabolic activation. The chemical structure of the anhydrous base form of
the drug, referred to as DX-8951, is shown in Fig. 1. The 20S stereoisomeric
form is active, whereas the 20R form is inactive. The chemical structure of
exatecan has been modified to render the molecule water-soluble by adding
a ring structure between rings A (in position 9) and B (in position 7), and a
fluorine in position 11. Similar to all CPT derivatives that inhibit
topoisomerase [ (TOP-I), the A-ring of the lactone form of the drug is
hydrolyzed to form an open-ring hydroxy-acid species. The two species
coexist in solution according to a reversible pH-dependent equilibrium,
with an acidic pH favoring the formation of the closed-ring lactone form.

3. PRECLINICAL ACTIVITY

Interest in exatecan was first generated after the agent demonstrated 3
times greater potency than SN-38, the active metabolite of irinotecan, 10
times greater potency than topotecan, and 20 times greater potency than
CPT at inhibiting TOP-I extracted from murine P388 leukemia; IC5q (con-
centration that inhibits 50%) values of 0.975, 2.71, 9.52, and 23.5 ug/mL
were reported for exatecan1f, SN-38, topotecan, and CPT, respectively (/).
The inhibition of human TOP-I by the lactone was approximately 300-fold
greater than that by the hydroxy-acid form. Exatecan was also approxi-
mately five times more potent than SN-38 at inhibiting DNA synthesis.
Furthermore, in a study of the relative antitumor properties of the CPT
analogs against a panel of 32 cell lines derived from human breast, gastric,
colon, ovarian, cervical, lung, and hematopoietic neoplasms, the [Cs, val-
ues of exatecan averaged 6- and 28-fold lower than SN-38 and topotecan,
respectively (7,2). A summary of the relative IC 5, values of exatecan and the
other CPT analogs according to tumor type is shown in Table 1. In the
human tumor cloning assay, exatecan inhibited the growth of clonogenic
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Lactone Carhoxylate

Fig. 1. Structure of the active exatecan lactone (left) undergoing reversible pH-
dependent hydrolysis to its inactive open-ring form.

Table 1
In Vitro Cytotoxicity Against A Series of 32 Cancer Cell Lines:
Summary According to Tumor Type

IC50 (ng/mL)

Tumor type Exatecan SN-38 Topotecan CcPT
Breaast 2.02 6.57 64.1 12.5

Colon 2.92 15.1 92.5 21.8

Stomach 1.53 15.1 30.6 13.0

Lung 0.87 7.37 353 9.99

Others 4.33 36.2 82.9 26.1
Summary 2.09 12.1 89.5 15.3

IDs;, drug concentration at which the growth is inhibited by 50%.

cells derived from patients with head and neck, non-small-cell lung, liver,
lung, breast, colon, ovary, and prostate carcinomas in a dose-dependent man-
ner, and exatecan and topotecan were not completely cross-resistant (3 ).
Exatecan has shown activity against a wide range of human tumor
xenografts in nude mice, including gastric, pancreatic, colon, breast, ovary,
and lung cancers (/,4,5). In addition, the agent demonstrated impressive
antitumor activity against an intracranial xenograft of human RH30 rhab-
domyosarcoma and various other pediatric solid neoplasms, murine lung
and liver metastasis xenograft models, and both early and late stages of
human acute myelogenous leukemia in a severe combined immunodefi-
cient mouse model (5—1717). Exatecan also produced notable activity that was
superior to gemcitabine in both orthotopic and traditional xenografts of
human pancreatic cancer (72). Although exatecan treatment resulted in
impressive antitumor activity on both single and divided dosing administra-
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Table 2
Comparison of the Antitumor Effects of Exatecan and CPT-11 Against Various

Human Tumor Xenografts

Exatecan total (75 mg/kg)

Irinotecan (320 mg/kg)

Tumor type No. of tumors >IR (80%) >IR (58%) >IR (80%) >IR(58%)
Gastric cancer 2 2 (100%) 2 (100%) 1 (50%) 2 (100%)
Colon cancer 6 6 (100%) 6 (100%) 4 (67%) 5 (83%)
Lung cancer 5 4 (80%) 5 (100%) 1 (20%) 2 (40%)
Breast cancer 2 2 (100%) 2 (100%) 2 (100%) 2 (100%)
Renal cancer 1 0 (0%) 0 (0%) 0 (0%) 0 (10%)
Total 16 14 (88%) 15 (94 %) 8 (50%) 11 (69%)

p<0.05 p = 0.10

IR, dose at which the specified percentage of tumor growth inhibition is produced by the

drug as a single agent.

tion schedules, superior efficacy was generally noted against human tumor
xenografts when the agent was administered on divided dosing schedules
(1,4). For example, in studies involving the in vivo homologous Meth A
mouse fibrosarcoma model, a cyclical dosing pattern resulted in superior
antitumor activity at lower doses of exatecan compared with a single dosing
schedule. A comparison of the antitumor effects of exatecan and irinotecan
at equitoxic doses against various human tumor xenografts is depicted in
Table 2.

Several in vitro and in vivo investigations using human tumor cell lines
and drug-resistant variants have demonstrated that exatecan, in contrast to
topotecan and SN-38, is not affected by mechanisms of drug resistance
conferred by overexpression of P-glycoprotein (Pgp) or breast cancer resis-
tance protein, as well as decreased levels of TOP-I mRNA or protein (9, 72—
18). In fact, exatecan is not a substrate for the Pgp multidrug transporter that
confers multidrug resistance, whereas both topotecan and SN-38 are weak
substrates for Pgp (9,1/2—15). The impressive and distinctly different pre-
clinical antitumor spectra of exatecan may, in part, be due to the fact that the
agent is not a substrate for the Pgp multidrug transporter, in contrast to
topotecan, 9-aminocamptothecin, and SN-38, which are weak substrates for
the efflux pump (/3—7/6). The lack of cross-resistance of Pgp-overexpressing
neoplasms to exatecan is indicated by the results of a study in which the
agent exhibited similar antitumor activity against human lung cancer PC-6
and its multidrug resistance Pgp-overexpressing variant, PC-6/vincristine
as shown in Table 3 (9). Similarly, exatecan demonstrated roughly equiva-
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Table 3
Comparison of the Antitumor Effects and Relative Resistance
of Exatecan and Other Topoisomerase I-Targeting Agents Against Parental
(PC-6) and Pgp Overexpressing (PC-6/Vincristine) Cancer Cell Lines

ICso (ng/ml)

Agent PC o PC-6/Vincristine Resistance ratio
Exatecan 0.089 0.069 0.8
SN-38 0.655 0.751 1.1
Topotecan 1.73 4.36 2.5
Vincristine 0.284 107 380
Cisplatin 13.8 69 0.5

IDsg, dose associated with inhibition growth by 50%; Pgp, P-glycoprotein.

lent potencies against PC-6 and a SN-38-resistant subline characterized by
impaired SN-38 accumulation without Pgp overexpression, and the antitu-
mor activities of exatecan were similar against human pancreatic cancers
SUIT-2 and KP-1N and their respective sublines that had acquired resis-
tance to CPT-11 in vivo and SN-38 in vitro, presumably because of reduced
levels of TOP-I mRNA and protein (§8). The magnitude of accumulation of
drug within the cell was demonstrated to be a determinant of sensitivity to
exatecan in vitro, and this phenomenon appears, in part, to be the basis for
differential activity between CPT analogs (8. Exatecan treatment has also
been demonstrated to induce BRCP in vitro, but BRCP overexpression,
which conferred resistance to 9-aminocamptothecin, SN-38, and irinotecan,
was responsible for negligible to no resistance to exatecan (/7,/8). Simi-
larly, neither overexpression of Pgp, multidrug-resistance protein-1,or lung
cancer—resistance protein conferred resistance to exatecan in a wide array
of experimental human colon and ovarian cancers (/9). There is only one
clear model of tumor resistance to exatecan, in which drug resistance relates
to qualitative changes in the expression of TOP-I (9,20). Evidence impli-
cates “modifier” proteins such as ubiquitin, SUMOQO-1, and others, which
bind to critical domains of TOP-1 (76,20). In addition, higher levels of the
DNA repair protein O(6)-methylguanine-DNA methyltransferase have been
demonstrated to be associated with resistance to exatecan and other CPT
analogs, and treatment of drug resistance cells, presumptively because of
increased O(6)-methylguanine-DNA methyltransferase activity, by a non-
toxic O(6)-methylguanine-DNA methyltransferase inhibitor-augmented
drug activity (21).
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4. PRECLINICAL PHARMACOLOGY

In preclinical pharmacology studies of exatecan in dogs and rodents
using radiolabeled drug (14C-exatecan) and high-performance liquid chro-
matography for differential quantification of lactone and total drug, the half-
life (z,,2) of the lactone ranged from approximately 20 to 30 minutes, and
systemic exposure to the lactone was approximately 50% of total drug
exposure (22-28). In both species, the clearance rates of total drug and
lactone were similar: lactone exposure accounted for approximately 50% of
total exatecan exposure, and the pharmacokinetics of both total drug and
lactone were dose-independent. Tissue distribution studies revealed
exatecan uptake in all tissues; however, drug concentrations in brain were
very low, suggesting that exatecan is not transported across an intact blood-
brain barrier. Exatecan was also shown to be highly bound to plasma pro-
teins in all species, and spectrometric studies indicated that the lactone is
selectively stabilized by albumin under physiologic conditions. In vitro,
plasma proteins were determined to be approximately 93, 86, 96, and 93%
in rats, dogs, monkeys, and humans, respectively.

In rats treated with a single intravenous (iv) dose of 1*C-exatecan, urine
and fecal recovery averaged 15% and 78% of the administered dose, respec-
tively (22—25). The majority of exatecan was metabolized to hydroxylated
metabolites. The same hydroxylated metabolites have predominated after
coincubation of exatecan and liver microsomes of multiple species, includ-
ing humans, in vitro. These studies, and other in vitro and in vivo studies,
have indicated that exatecan is highly metabolized to a 4-hydroxymethyl
metabolite (UM-1) and a 3-hydroxy metabolite (UM-2), the structures of
which are shown in Figure 2. The cytochrome P450 microsomal isoen-
zymes CYP3A4 and CYP1A2 are principally involved in metabolism of
exatecan to UM-1and UM-2, respectively (22—28). The antitumor activities
of both hydroxylated metabolites against P388 and PC-6 cancer cell lines
were demonstrated to be substantially less than exatecan (22,23,25,26,28).
The hydroxylation of exatecan has been demonstrated to be inhibited in
vitro by several known CYP3A substrates, including ketoconazole,
nifedipine, erythromycin, and fentanyl (22). There were no gender-related
differences in exatecan metabolism, but an interindividual variation of
hydroxylation, consisting of a 5.6-fold difference between the lowest and
highest rates of hydroxylation in 29 human liver microsomal samples, was
demonstrated (22,23).

5. PRECLINICAL TOXICOLOGY

The toxicity profile of exatecan has been evaluated in mice, rats, and dogs
before clinical trials (22,25,26). The toxicity profile was consistent across
all animal species. Rapidly proliferative tissues, including hematopoietic
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UM-1 um-2

Fig. 2. Structures of the principal metabolites of exatecan 3-hydroxy metabolite
(UM-1) (left) and a 3-hydroxy metabolite (UM-2} (right).

(neutropenia, thrombocytopenia, anemia, lymphopenia), gastrointestinal
(vomiting diarrhea), lymph nodes, and reproductive tissues, have been most
prone to the toxic effects of exatecan, and noncumulative myelosuppression,
particularly neutropenia, was been the principal dose-limiting effect of
exatecan on both single- and divided-dosing regimens in both rodents and
dogs. In addition to being dose-dependent, hematologic toxicity appeared
schedule-dependent, with more frequent (divided) dosing schedules asso-
ciated with greater toxicity at equivalent doses. Similar to other CPT ana-
logs, there has been considerable interspecies differences in drug tolerance,
with dogs being more susceptible to toxicity than rodents. Therefore, the
human equivalent of one-third of the low toxic dose in dogs was used to
determine the starting dose for each corresponding schedule of administra-
tion in human clinical trials.

6. PHASE I DEVELOPMENT IN PATIENTS
WITH ADVANCED MALIGNANCIES

6.1. Overall Clinical Scheme

The safety, dosing limits, and pharmacokinetics of multiple exatecan
administration schedules were evaluated in phase I clinical evaluations ac-
cording to a parallel and integrated development plan that linked studies in the
United States, Europe, and Japan. The principal objective of this approach
was to select an optimal dosing regimen for subsequent disease-directed
clinical investigations. To achieve this goal, a core protocol was established
to standardize clinical data evaluation including toxicity and efficacy crite-
ria, definitions of unacceptable or dose-limiting toxicity (DLT) and maxi-
mum tolerated dose (MTD), inclusion and exclusion criteria, and supportive
therapy paradigms. Another goal was to readily permit exchange of data in
a timely manner among the three global regions so that all investigators had
ready access to the data for decision making as dose escalation was in
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progress. Data were collected and processed in compliance with the Inter-
national Committee on Harmonization guidelines.

Six phase I studies were initially conducted outside of Japan according
to three schedules of administration and two durations of iv infusion
(25,26,29-36). Two studies were duplicated in Japan; however, these stud-
ies were directed to evaluate the pharmacokinetics of the exatecan lactone
and total exatecan (29,31 ), whereas the other studies were limited to mea-
surements of total exatecan because of logistical considerations regarding
the analysis of the exatecan lactone.

For each study, the starting dose was chosen as one-third of the toxic dose
low for the corresponding schedule in the dog, which was the most sensitive
species. There was no standardization of the method of dose escalation,
because both modified Fibonacci and modified continual reassessment
methods were employed. Interestingly, there were no significant differ-
ences between the methods in the number of dose escalation steps required
to delineate and recommend phase II doses. However, MTDs were deter-
mined separately for heavily pretreated (HP) and minimally pretreated (MP)
patients because the extent of prior treatment appeared to be a major deter-
minant for the severity of the neutropenia, which was the principal toxicity.
The definitions of HP and MP patients were derived prospectively, largely
based on the results of prior Phase I studies of other TOP-I-targeting agents
and chemotherapeutics in which neutropenia was the principal DLT (37—
39). HP patients were defined as those who had received more than six
courses of alkylating-agent containing chemotherapy (or more than four
courses of carboplatin), radiation therapy to more than 25% of hematopoi-
etic reserves, and two or more courses of mitomycin C or nitrosourea. All
toxic effects were graded according to the National Cancer Institute Com-
mon Toxicity Criteria, version 1.0. DLT was defined as grade 4 neutrope-
nia (absolute neutrophil count [ANC] <500/uL) associated with fever
(=38.4°C) or lasting longer than 5 days), any grade 3 nonhematologic
toxicity (excluding nausea and vomiting), grade 4 vomiting with maximum
supportive care, any grade 3 or higher event requiring intensive care treat-
ment, or the inability to start a second course after a 2-week treatment delay
because of toxicity. The MTD was defined as the highest dose at which no
more than 20% of patients experienced DLT during the first course.

6.2. Overall Pharmacokinetic Scheme

Initial analytical assays to measure plasma and urinary concentrations of
exatecan and metabolites used high-performance liquid chromatography,
but more sensitive liquid chromatographic/mass spectrometry/mass spec-
trophotometry assays were subsequently derived and validated (23-28).
The pharmacokinetics of exatecan were determined in all phase I studies
using standard noncompartmental and compartmental pharmacokinetic
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methods. Compartmental analyses were performed to obtain more robust
estimations of individual pharmacokinetic parameters. Initially, the indi-
vidual data sets in each study were fit with either two- or three-compartment
models using nonlinear least-squares regression (40). The “goodness’ of
model fit (i.e. two- versus three-compartment model) was guided by inspec-
tion of the weighted sum of squares, dispersion of the residuals, standard
errors of the fitted pharmacokinetic parameters, and the Akaike information
criterion (417 }. When the drug was administered on a 24-hour infusion sched-
ule and concentrations were available for 24 hours posttreatment, the qual-
ity of the fit was as good using a two- or three-compartment model.
Therefore, the two-compartment model was selected because of its simplic-
ity. When exatecan was given as a 24-hour infusion and concentrations
available for only 6 hours posttreatment, a single compartment model fit the
data as well as the two- or three-compartment models, which is not surpris-
ing in view of the potential masking of the distribution phase by a 24-hour
infusion schedule and the inability to adequately describe the terminal elimi-
nation phase because of the lack of plasma observations after 6 hours. In
subjects treated with exatecan administered over 30 minutes and concentra-
tions available for 24 hours posttreatment, a three-compartmental model
was demonstrated to be systematically superior in fitting plasma concentra-
tions based on the aforementioned criteria. Pharmacokinetic parameter esti-
mates derived from these fits were then used as prior values for a population
pharmacokinetic analysis, performed using an iterative two-stage method-
ology (IT2S) (42—44). All concentrations were modeled using a weighting
procedure of Wj + 1/S7, where the variance of S;° was calculated for each
observation using the equation S = (a + b*Y)?, where a and b are the
intercept and slope of each variance model. The slope is the residual vari-
ability associated with each concentration (i.e., sum of the intraindividual
variability and the sum of all experimental errors), and the intercept is
related to the limit of detection of the analytical assay. Variance parameter
estimates were derived using maximum likelihood analysis (ADAPT-IT
Release 4; Biomedical Simulations Resource, University of Southern Cali-
fornia, Los Angeles, CA) (43). These estimates were used as beginning
priors and were updated iteratively during the population pharmacokinetic
analysis until a stable value was found (43 ). The parameters derived were:
the macro rate constants A, A, and A, associated with A, A, and A, (termi-
nal) phases, respectively; Aj—t 2, ho—t /2, A,—t 5, calculated as 3.693 divided
by the respective macro constants; and V, calculated as the sum of the
central and peripheral volumes of distribution.

Urinary metabolites were detected using both high-performance liquid
chromatography and liquid chromatographic/mass spectrometry/mass
spectrophotometry methods and subsequently isolated, purified, and iden-
tified using nuclear magnetic resonance (23,24,27). In the urine of rats and
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humans, both UM-1 and UM-2 were identified. Mass balance studies in
humans are to precisely determine the extent of metabolite formation and
excretion are ongoing (C. Takimoto, personal communication, September
2003). Furthermore, Phase I and pharmacokinetic studies in patients with
various grades of hepatic or renal dysfunction are also being performed
(C. Takimoto, personal communication, September 2003).

6.3. Clinical Results

6.3.1. Toxicity

The principal toxicity of exatecan was similar for all schedules of admin-
istration (25,26,29-36). Myelosuppression, particularly neutropenia, was
the principal DLT of exatecan. In HP patients, both neutropenia and throm-
bocytopenia were dose-limiting. On the daily X 5 every 3-week schedule,
the ANC nadir was typically experienced between days 10and 15, treatment
delays resulting from unresolved neutropenia were uncommon, and there
was no evidence of a cumulative effect of exatecan on the ANC nadirs in
both MP and HP patients (32). However, the relationship between exatecan
dose and effect on neutrophils was steep in the dosing range evaluated. The
steepness of this relationship is illustrated in Fig. 3, which shows that the
percent decrements in ANC sharply increased to nearly 100% as the dose of
exatecan was increased above 0.4 mg/m?/day (32). Severe thrombocytope-
nia and anemia occurred much less frequently than neutropenia, and were
usually noted concomitant with severe neutropenia. These effects were also
more severe in HP patients. Anemia related to exatecan was generally mild
(grade 1) or moderate (grade 2) and cumulative in that it tended to progres-
sively worsen with repetitive dosing.

Nonhematologics; effects consisted primarily of mild to moderate gas-
trointestinal toxicity. Nausea and vomiting were typically mild or moderate
in severity, generally noted in the peritreatment period, and appeared to be
dose-related. Nausea and vomiting were generally prevented or managed
successfully with prochlorperazine or serotonin 5-hydroxytryptophan recep-
tor antagonists, but routine premedication was not instituted because most
events were nausea alone, mild in severity, and sporadic. Delayed emesis
was notcommon. Mild to moderate diarrhea was also noted in patients, most
of whom had been previously treated with fluoropyrimidine- or irinotecan-
based regimens. Transientand reversible elevations of serum transaminases
or alkaline phosphatase were also observed infrequently, and acute pancre-
atitis occurred in two patients (approximately 1%) in phase I trials. Alopecia
that was dose-related, typically mild, and generally cumulative was also
noted. Other toxicities included stomatitis, malaise, headache, anorexia, or
alkaline phosphatase, altered taste sensation, and dizziness. These effects
were noted across the entire exatecan dosing range and definite temporal
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Fig. 3. Scatterplots depicting the effects of the dose of exatecan on (A) absolute
neutrophil count (ANC) nadirs; (B) percentage change in the ANC; (C) platelet
count nadirs; and (D) percentage change in platelet counts. The extent of prior
treatment is also indicated. (@) heavily pretreated; () minimally pretreated.

relationships could not be discerned for any of these potential toxicities,
indicating that the underlying malignant process may have contributed.

6.3.2. MAXIMUM TOLERATED DOSE

The MTD and lowest doses associated with consistently intolerable tox-
icity (>MTD) are listed in Table 4. MP patients tolerated higher doses of
exatecan than HP patients except for the single-dose, every-3-week regimen
for which a single MTD was determined for HP and MP patients alike.
However, this study involved only 12 patients, and the MTD was close to
the starting dose. The MTDs for exatecan administered as a 30-minute iv
infusion daily x 5 every 3 weeks were 0.5 and 0.3 mg/m?/day for MP and
HP patients, respectively. Representative concentration versus time curves
are shown in Fig. 4. The number of dose escalation steps in each study
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Fig. 4. Representative plasma total exatecan concentration-time profiles (day 1)
in patients treated with DX-8951f at the 0.3 mg/m?/day (#) and 0.5 mg/m?/day
() dose levels.

reflected the MTD/starting dose ratios and was not related to the type of
dose escalation scheme used. [t was not possible to evaluate the impact of
the modified continual reassessment method in these studies because of the
small number of patients and early intervention of investigators in modify-
ing the dose levels assigned by the modified continual reassessment scheme
at toxic dose levels.

In acomparison of exatecan clinical and preclinical toxicokinetics, MTD/
toxic dose low (TDL) ratio were similar (dog [2.0] and man [1.5-3.1]) (45}.
On the other hand, human toxicokinetics appeared to be schedule-indepen-
dent, whereas toxicokinetics in dogs were schedule-dependent, which might
be explained by differences in metabolic rates between species.

6.3.3. ANTITUMOR ACTIVITY

Major antineoplastic activity was observed in patients with several types
of solid neoplasms inphaselinvestigations (25,26,29—36). Partial responses
(z 50% reduction in the sum of the bidimensional products of measurable
tumors) were reported in previously treated patients with non—small-cell
lung, extrapulmonary small cell, colorectal, and hepatocellular carcinomas
and sarcoma. Disease stabilization, including minor responses (<50% reduc-
tion in the sum of the bidimensional products of measurable disease) was
observed in patients with colorectal carcinoma, hepatocellular carcinoma,
prostate carcinoma, and carcinoma of unknown primary type involving the
peritoneum. Interestingly, antitumor activity was noted in cancers that were
previously demonstrated to be resistant to other TOP-I-targeting therapeu-
tics such as irinotecan and topotecan (25,26,29—36). The 30-minute iv infu-
sion daily X 5 every 3 week, 30-minute iv infusion weekly X 3 every 4 week,
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Table 5

Mean Pharmacokinetic Parameters in Phase I Evaluations of Exatecan

Pharmacokinetic analvtical method

Pharmacokinetic

parameter Noncompartmental Population compartmental

Clearance (L/hour/m?2) 1.87 (67%) 1.63 (64 %)

Urinary excretion (%) Not applicable 9.9 (60%)

Volume of distribution Not applicable 6.4 (28.7%)
(central) (L/m?)

Volume of distribution 17 (39%) 17.65 (28.9%)
(steady-state) (L/m?)

Terminal half-life (hours) 9.1 (54%) 12.3 (60%)

Note:Represent mean value (coefficient of variation).

and the 5- to 21-day continuous iv infusion every 3—4 week regimens
appeared to be associated with greater activity than the single-dose regi-
men or the 24-hour intermittent regimens, however, the phase I clinical trial
is not the proper setting for generating comparative data regarding sched-
uling. There was no relationship between the number of patients demon-
strating antitumor activity and the dose intensity of the regimens used in
individual studies. The 30-minute daily X 5 every 3 week regimen, which
appeared to be the most active in phase I evaluations, was selected as the
principal regimen in phase I studies, whereas the corresponding MTDs for
MP and HP patients, 0.3 and 0.5 mg/m?/day, were selected as phase [T doses.

6.3.4. CLINICAL PHARMACOLOGY

The pharmacokinetics of exatecan were dose-independent within the
dose range evaluated in phase I evaluations, with pharmacokinetic indices
of exposure (e.g., AUC, C,,.,) proportionate to dose (25,26,29-36). Simi-
larly, both clearance and V  were dose-independent. There wasno evidence
of drug accumulation in the plasma over from day 1 today 5 in most patients
treated with exatecan as a 30-minute iv infusion on the daily for 5 days
schedule (32). Table 5 displays the mean pharmacokinetic parameters of
exatecan in phase I evaluations, and plasma concentration curves for total
exatecan in representative patients treated with 30-minute iv infusions are
showninFig. 5. Both total exatecan and its lactone form were measured only
in the 30-minute single iv dose every 3 week study conducted in Japan (29).
The AUC of the lactone was approximately 30% of the AUC of total
exatecan, and the plasma AUC of UM-1 was 4% of the total exatecan AUC.
Twenty-five percent of the administered dose of exatecan was recovered in
the urine, and there was a 2:1 ratio between the UM-1 metabolite and
unmetabolized exatecan (25,29,31 ).
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Because there was no evidence of nonlinear drug elimination, auto-induc-
tion, or inhibition of drug clearance based on visual inspection of individual
plasma concentration-versus-time curves in the phase I studies, linear phar-
macokinetic models were evaluated for quality of fit. The compartmental
pharmacokinetic models developedinindividual studies were very adequate
in explaining the observed plasma concentrations and excreted urinary
amounts of exatecan. In study PRT002, in which exatecan was administered
as a 30-minute iv infusion on a daily X 5 every 3-week schedule, a two-
compartment model consistently missed peak plasma concentrations and a
three-compartment model was systematically superior in fitting all plasma
concentration-time data sets for total exatecan on both days 1 and 5(25,32).
Therefore, pharmacokinetic parameters derived from the triexponential
model were used to develop a population pharmacokinetic model using an
IT2S approach. A representative patient’s plasma concentration data fit to
this population model are shown in Fig. 5. Pertinent pharmacokinetic param-
eters for total exatecan derived from this model were nearly identical to those
derived using noncompartmental methods, with mean (coefficient of varia-
tion) clearance, and terminal half-life values of 1.64 L/hour/m? (57) and
15.8 hours (65), respectively. Mean values for the central and steady-state
volumes of distribution, were 2.40 L/m? (30), respectively (25,32) .

The relationships between the both the AUC and C,,, values for total
exatecan and the percentage decrements in neutrophils were consistently
described by sigmoidal E ., models, as shown in Fig. 6 A,B, which depicts
scatterplots of individual data in study PRT002 and sigmoidal E,,, models
fitting the data (32). With these models, the AUC and C_,,, values predicted
to yield a 50% decrement in neutrophils (AUCsgpand C,.c.50) were 115 mg/
hour/L and 31 mg/L, respectively. The relationships between pertinent
pharmacokinetic parameters for total exatecan and platelet counts, as depicted
in the scatterplots in Fig. 6C,D could be described adequately by neither linear
nor nonlinear models. Within particular dose levels, pharmacokinetic
parameters reflecting total exatecan exposure were generally greater in
those patients who experienced dose-limiting myelosuppression during
their first course, but the relatively small numbers of both dose-limiting
events and patients at each dose level has limited the statistical power of
such analyses. Such models may be very useful clinically as they may be
able to predict which exatecan dosing regimens and doses would minimize
decrements in blood cell counts.

7. DISEASE-DIRECTED (PHASE II-1II) EVALUATIONS

Disease-directed evaluations of exatecan are currently being performed
in both North America and Europe in patients with advanced carcinomas of
the pancreas (first and second line), colon/rectum (second line, no prior CPT
analog), ovary (relapsed after taxanes and platinum; no more than two prior
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Fig. 6. Scatterplots depicting the relationships between percentage decrements
in absolute neutrophil count during the first course of exatecan and total exatecan
AUC (A) and C,,,, (B), and between percentage decrements in platelets during
the first course and AUC (C) and C,,,, (D). The extent of prior treatment, as
defined in the Patients and Methods section, is also indicated. (@) heavily
pretreated; (?7) minimally pretreated. The solid lines represent fits of sigmoidal
E,..x models to the data when appropriate.

regimens), uterine cervix (first or second line), lung (non-small cell; first
line), liver (first or second line), biliary duct (first or second line), hormone-
refractory prostate, head and neck (first line), and breast (relapsed after
taxane and anthracycline; up to three prior regimens) (25,46—56). In the
majority of these trials, exatecan is being administered as a 30-minute iv
infusion daily x5 every 3 weeks. Starting doses for MP and HP patients have
been 0.4-0.5 and 0.3 mg/m?/day, respectively. To ascertain information
about the relative activity of various schedules of exatecan, patients with
advanced ovarian cancer are being randomized to treatment with exatecan
administered iv over 30 minutes on either a daily X 5 every 3 week schedule
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(starting dose, 0.3 mg/m?/day) or weekly X 3 every 4 week schedule (starting
dose, 2.1 mg/m?/day) in a randomized phase IT evaluation.

Perhaps the mostintriguing and unique activity with exatecan to date has
been noted in patients with advanced adenocarcinomas of the pancreas,
biliary track, gallbladder, and liver (49—53)}. At this juncture, the most
advanced results are available from a Phase I study of exatecan in patients
with advanced adenocarcinoma of the pancreas (48-50). A single,
multicenter trial of exatecan administered as a 30-minute infusion at a dose
of 0.5 mg/m?/day X 5 every 3 weeks was conducted in 39 patients with
metastatic adenocarcinoma of the pancreas and a subset of 23 patients who
had not received prior chemotherapy has been analyzed. Three patients
(13%) had confirmed partial responses lasting 2.8, 4.3, and 10.1 months.
The median survival time for the 23 previously untreated patients was 9.3
months. The 6-, 12-, and 24-month survival times were 70%, 39%, and 5%,
respectively. Toxicity was primarily myelosuppression and fatigue. A phase
I study of exatecan in combination with gemcitabine, conducted in patients
with advanced solid malignancies, yielded phase II/TIT doses of exatecan of
2.0 mg/m? and gemcitabine 1000 mg/m? when both drugs were adminis-
tered on a weekly x 3 every 3 week schedule (57). The toxicity profile was
similar to exatecan as a single-agent exatecan with the exception of appar-
ently more severe thrombocytopenia. In the study, 7 of 31 patients with
advanced pancreatic cancer who had received the regimen as additional
therapy experienced major responses, including one complete and six par-
tial responses. The median duration of response was 8 months and the median
survival time was 8 months. The 6-, 12-, and 24-month survival times were
55%, 39%, and 19%, respectively. These results to two large-scale random-
ized trials in the North America and Europe, which have completed their
accrual targets. In the North American study, a combination of exatecan and
gemcitabine was compared with gemcitabine alone and in the European
study, exatecan as a single-agent was compared with gemcitabine alone
(60,61). However, preliminary results from both studies indicate that no
survival benefits were conferred.

A multicenter phase II study of exatecan 0.5 mg/m?/day X 5 every 3
weeks has also been conducted in patients with advanced biliary and gall-
bladder carcinomas who received a maximum of one prior chemotherapy
regimen (52). Of 41 patients able to be evaluated for efficacy, 21 (50%) of
whom had had prior chemotherapy, 2 (4.9%) had partial responses, 4 (9.8%)
had minor responses, and 12 (29.3%) had stable disease as their best
response. The median overall survival was 7.8 months and the 6- and 12-
month survival rates were 61% and 32%, which will serve as the foundation
for future combination studies in biliary and gallbladder carcinomas. In a
phase IT study involving 43 patients with hepatocellular carcinoma who had
received a maximum of one prior chemotherapy regimen, exatecan was
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administered at a dose of 0.5 mg/m?/day x 5 every 3 weeks (53). Two
patients had partial responses, whereas 6 had minor responses, and 14 had
stable disease as their bestresponse. The median time to progression was 3.3
months and median survival time was 7.4 months, with respective 6-and 12-
month survival rates of 61% and 35%. Despite its modest activity as a
single-agent activity, it was felt that the results provided a sufficient foun-
dation for the developmentofrelatively nontoxic exatecan-based multiagent
regimens for hepatocellular carcinoma.

Exatecan administered as a 30-minute iv infusion at a dose of 0.5 mg/m?/
day X 5 every 3 weeks demonstrated no significant activity in a phase II
study in patients with metastatic colorectal cancer who had received no prior
treatment with CPT derivatives (48). Similarly, negligible activity has been
reported with exatecan 0.5 mg/m?/day for 5 days every 3 weeks in previ-
ously untreated patients with advanced non—small-cell lung cancer (54).
The major response rate was 5.1% and median times to progression and
survival were 88 and 262 days, respectively. Moderate activity was observed
in patients with advanced breast cancer who had experienced resistance or
progressive disease after chemotherapy that included anthracyclines and
taxanes (55). Of 39 patients able to be evaluated, 3 (7.7%) experienced
partial responses and 20 (51.3% had either a minor response or stable dis-
ease. Approximately 20% of patients had stable disease for at least 6 months.
To characterize the activity of exatecan in patients with advanced ovarian
cancer who were either refractory to or relapsed after both platinum agents
and taxanes, patients were randomized to one of two dosing schedules:
(Arm A) daily x 5 every 3 weeks, starting dose 0.3 mg/m?2/day, or (Arm B)
weekly X 3 every 4 weeks, starting dose 2.1 mg/m? weekly (47). In a pre-
liminary reportinvolving 47 patients (Arm A, n=31;and arm B, n=16) and
including 23 patients who were able to be evaluated for response, two
patients (both on Arm A) had partial responses and five subjects had stable
disease as their best response. In a study of exatecan 0.5 mg/m?/day X 5
every 3 weeks in previously untreated patients with non-small-cell lung
cancer, partial responses were reported in 3 (18%) of 16 of patients who
were able to be evaluated for response and 5 patients had stable disease as
their best response (57 ). Many other disease-directed studies in a wide array
of adult solid malignancies are ongoing.

The potential utility of exatecan in pediatric malignancies is also being
studied, beginning with a phase I study of exatecan as a 30-minute iv infu-
sion daily X 5 every 3 weeks in pediatric patients with solid malignancies
(starting dose, 0.25 mg/m?/day). Furthermore, evaluations of exatecan in
adult acute leukemias are also under way (56). In a phase I study, doses of
exatecan were escalated from 0.6 to 1.35 mg/m?/day as a 30-minutes iv
infusion daily X 5 every 3 weeks. Severe stomatitis was consistently noted
at the 1.35 mg/m?/day dose level. On the 30-minute infusion daily x 5
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schedule, the 1.2 mg/m?2/day dose level appears tolerable, and increasing the
duration of treatment from 5 to 7 days at the 0.9 mg/m?2/day dose level has
not been associated with prohibitive toxicity. Antileukemic activity, prima-
rily reductions in circulating blasts and bone marrow cellularity, has also
been consistently noted across all dose levels in HP patients.

8. DE-310, A MACROMOLECULAR CARRIER
OF DX-8951

DE-310 is a novel drug construct consisting of exatecan linked to a bio-
degradable carrier, carboxymethyldextran poly alcohol, via a peptide spacer.
This macromolecular polymer drug deliver system was designed to enhance
the antitumor efficacy of exatecan. The slow release of exatecan from the
carrier in the tumor provides for a sustained level of localized active agent.
The relatively greater acidic environment of malignant neoplasms com-
pared with normal tissues may hypothetically favor the presence of the
active lactone species in malignant neoplasms, potentially resulting in
greater specificity. The supporting rationale for the development of DE-310
is that the molecule will accumulate and be retained preferentially in tumor
tissue by the enhanced permeability and retention effect. The enhanced
permeability into tumor tissue is due to leaky vascular architecture of the
tumor blood vessels and pathophysiological mediators such as cytokines or
vascular permeability factors. The retention effect is based on the lack of
effective lymphatic clearance of macromolecules in tumor tissue. Thus
macromolecules such as DE-310 may readily leak into tumor tissue through
more permeable tumor blood vessels and may be retained in tumor tissue for
a longer period. DE-310 is designed for iv administration. The macromo-
lecular carrier used in the drug gradually depolymerizes within the body to
be excreted in the urine. The peptide spacer serves as the DE-310 enzymatic
cleavage site to give a low and sustained release of exatecan into tumor
tissue, without prematurely releasing the drug into the systemic circulation.
As a result, the number of required dosages may be reduced significantly
when compared with other CPT derivatives in current use. Two phase [ and
pharmacokinetic studies of DE-310 administered as a single short infusion
every 4 or 6 weeks have recently begun (5,57). DLT on both schedules
appear to be late myelosuppression, and transaminitis has been observed at
doses above the MTD (6 and 7.5 mg/m? in HP and MP patients, respec-
tively). Both conjugated exatecan and free exatecan concentrations increased
linearly with dose and plasma drug concentrations were sustained for several
weeks. The pharmacokinetic results from both studies were similar. In the
every-4-week study, the mean (CV%) C,.x for DE-310 in the form of con-
jugated exatecan was 4120 (21.2) ng/mL and the apparent terminal plasma
half-life (7,,,) was 208.8 (78.9) hours. The C_ . of free exatecan was 5.8
(53.4) ng/mL and the #;, was 175.1 (9.0) hours.
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9. CONCLUSION

Exatecan was developed to exploit physicochemical properties that may
result in superior antitumor activity, less toxicity and interindividual vari-
ability, and greater clinical feasibility than TOP-I-targeting agents in cur-
rentclinical use. The agent was specifically selected for clinical development
because of its relatively high potency and impressive activity against a
broad range of human tumor cell lines and xenografts, including malignan-
cies resistant to other CPT analogs and other classes of anticancer agents.
Furthermore, unlike topotecan, 9-aminocamptothecin, and SN-38, exatecan
is not a substrate for multidrug transporter Pgp, and retains activity against
both tumor cell lines and xenografts with acquired multidrug resistance
conferred by Pgp overexpression. Another hypothetical advantage of
exatecan is that it is an intrinsically active compound and not a prodrug,
which reduces concerns about interindividual variability in prodrug activa-
tion that could increase the fundamentally large interindividual variability
in the toxicologic, pharmacokinetic, and antitumor profiles of the CPT
analogs. Although schedule-dependence was notas prominent with exatecan
in preclinical studies as with other CPT analogs, the cumulative results of
these investigations indicate that maximal antitumor activity is achieved
with divided dosing schedules, and these observations have served, in part,
as the rationale for broad disease-directed evaluation of exatecan on a 30-
minute infusion daily X 5 every 3 week schedule. In addition, exatecan
demonstrated a safe and predictable toxicity profile when administered on
the daily x 5 schedule, with manageable neutropenia being the principal
DLT. Thrombocytopenia and anemia may be associated with neutropenia,
particularly in HP patients treated at doses that approach the MTD.
Nonhematologic toxicity has been less frequent and generally moderate.
Exatecan also demonstrated dose-independent and predictable pharmaco-
kinetics in the dose range evaluated and antitumor activity was consistently
observed, including that against tumors that had been previously treated
with topotecan or irinotecan. Although the ultimate clinical activity of
exatecan will be defined only in appropriate phase II/I1I trials, exatecan’s
specific pattern of myelotoxicity, its relative paucity of nonhematologic
toxicity, andits activity against a several types of neoplasms in early clinical
evaluations, warranted broad disease-directed evaluations of exatecan on
this administration schedule, which are nearing completion, as well as fur-
ther developmental evaluations of DE-310, particularly in exatecan-sensi-
tive tumor types, to maximize activity and optimize the therapeutic index.
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QUESTIONS, ARGUMENTS, OBIECTIONS, PROPOSALS

Having considered the application materials, the Examiner determined that a reguest for
supplementary materials is necessary in accordance with ¢i.143 of the Administrative Regulations, due
to the presence of obstacles to the making positive decision.

The Applicant requests to consider the said application with 10.04.2015 date of filing and with priority
according to the original application IP 2014-081454 from 10.04.2014.

A set of claims, an invention description and invention drawings submitted as of the date of filing the
application have been considerad.

What is ciaimed is a group of inventions comprising 8 subject matters: claims 1 and 16 — an antibody-
drug conjugate {embodiments); claims 24, 37 — a medicine {embodiments); claim 25 — an antitumor
medicine and/or anticancer medicine; claims 27, 36 — a pharmaceutical composition {embodiments);
claim 29 — a method for treating a tumor and/or cancer.

According to ltem 43 of the Rules, substantive examination of application documents in accordance
with Article 1386 of Part 4 of the Civil Code of the Russian Federation {hereinafter referred to as the
Code) includes assessment of the sufficiency of disclosure of the invention essence in the application
documents stipulated by ltem 2{1-4) of Article 1375 of the Code and submitted as of the date of filing

the application, for implementation of the invention by those skilled in the art; carrying out the
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information search concerning the claimed invention to assess the state of the art in comparison with
which the industrial applicability, novelty and inventive stap of the invention are going to be assessed
in accordance with ltems 2-4 of Article 1350 of the Code, as well as the assessment of the industrial
applicability, novelty and the inventive step of the invention.

The Examiner courteously draws the Applicants attention to the fact that, according to Item 53 of the
Rules, in the course of the assessment of the sufficiency of disclosure of the invention essence in the
application documents stipulated by ltem 2{1-4) of Article 1375 of the Code and submitted as of the
date of filing the application, for implementation of the invention by those skilled in the art it is checked
whether the application documents comprise data concerning the purpose of the invention, the
technical result provided by the invention, whether the set of essential features necessary for
achievement of the technical result stipuiated by the Applicant is disclosed, as well as whether the
rules of disclosure of the essence of the invention and the disclosure of the data concerning the
possibility of implementation of the invention established by ltems 36-43, 45-50 of the Requirements
to application documents are observed.

According to ltem 45 of the Requirements, the invention description section “Implementation of the
invention” shall comprise data disclosing the method of implementation of the invention for realization
of the invention purpose claimed by the Applicant and with confirmation of the possibility of
achievement of the technical result in case of implementation of the invention through provision of a
detailed description of at least one exampie of implementation of the invention with references to
relevant drawings, if provided.

Concerning the claimed group of inventions, the Examiner respectfully draws the Applicants attention
to the following.

1) Kindly be noted that claims 1 and 16 do not specify the purpose antibody-drug conjugate.
Analyzing the application materials, the Examiner observes that the purpose the inventions of claims
1 and 16 is treating tumor and/or cancer.

2} Also kindly be noted that the generic term of the independent claims 24 and 37 stipulated as
“Medicine” Is Incompliant with the said requirement due to the causes specified below. According to
Article 4 of Chapter 1 of the Federal Law from April 12, 2010 No61-FZ “0On Circulation of Medicines”
{Adopted by the State Duma on 24.03.2010, Approved by the Council of Federation on 31.03.2010,
Published on 14.04.2010 in the Rossijskaya Gazeta, Came into force on 01.01.2010) dosage form is a

condition of a medicinal product corresponding to the administration methods and use thereof, and
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ensuring the required therapeutic effect. Therefore, independent claims 24 and 37 characierizing the
“Meadicine” have to comprise the characteristic of the therapeutic affect exerted on the patient’s
organism.

Analysis of the application materials showed that the therapeutic effect of the inventions of claims 24
and 37 is the therapy of cancer and tumors. Therefore, the purpose of ¢claims 24 and 37 is the treating
cancer and/or tumor.

3} Further, we respectfully draw the Applicant’s attention to the absence of the purpose of the
pharrmaceautical composition In claims 27 and 36.

It should be noted that in the set of claims the generic term reflecting the purpose may be stipulated
as “pharmaceutical composition” without the specification of the mode of administration, biological
activity and destination for treating a certain disease.

Inthis instance it shall be controlled, whether the original invention description comprises data on the
possibility of the use of the claimed agent for prophyiaxis, diagnostics and/or treating of significant
number of diseases of various aetiopathogenesis or its activity with respect to various targets. Data
provided by the present invention description indicate that the claimed composition, for instance,
exerts activity only with respect to treating cancer, and therefore such data cannot be deemed
sufficient for confirmation of possibility of implementation of the purpose of the ciaimed invention
encompassed by the broad term “gharmaceutical composition”.

Herein, the description is silent on the possibility of the use of the claimed pharmaceutical composition
for treating a significant number of diseases of various aetiopathogeneses. Analyzing the application
materials, the Examiner observes that the purpose of the compositions of claims 27 and 36 is treating
of tumeor and/or cancer.

Therefore, the purpose of the claimed group of inventions of claims 1, 186, 24, 25, 27, 29, 36, 37 is
treating of cancer and/or tumor.

Analyzing the realization of the purpose, the Examiner respectfully draws the Applicants attention to
the fact that the set of claims implies the administration to a patient of an individua!l compound
characterized by a structural formula representing a wide range of specific compounds. Application
materials comprise the schemes of preparation of a range of compounds and their features {pages 193-
229), a screening of biclogical activity of individual compounds in vitro {pages 230-24). Thereby it shall

ba observed that the appiication materials point out the antitumor affect only for antivody-drug
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conjugates (3}, {10}, (13}, (183}, characterized by specific structural formulas of compounds {pages 247-
277}

However, neither in the prior art, nor in the application materials there are any data allowing to
suppose that all the compounds specified in the tables enabie to treat patients suffering the above
mentioned diseases. At that, from the prior art it Is known that different functional groups in case of
their provision to a molecule of a compound, as well as the transformation of the compound structure
itself, may change its pharmacological activity (BELIKOV V.G., Pharmaceutical Chemistry, M., “Vysshaya
Shiola”, 1993, pages 43-47).

Moreover, with respect to the data on the efficiency of the compounds according to in vitro analysis
spacified on pages 230-247, we respectfully draw the Applicant’s attention to the fact that it is not
possible to directly extrapoiate the data on an integral organism, because it is known from the prior
art that significant differences can be found between In vitro experiments and treating of a human
being (“Brief Course of Molecular Pharmacology” edited by P.V. Sergevev, M., 1975, page 10). This is
attributed to the fact that a plurality of factors influences the excretion of the activity of a compound
with respect to a living organism, and those factors are not taken into account in the course of an in
vitro experiment. These are distribution of the compound in biological matrices of the organism,
availahility of the binding targets, biological transformation and the like {L.Ye. Kholodov et al, “Clinical
Pharmacokinetics”, M., “Meditsina”, 1985, pages 83-98, 134-138, 160, 378-380}. In this connection,
data on the activity procured as a result of in vitro experiments cannot serve the confirmation of the
activity of a compound in the environment of a living organism.

We respectfully remind the Applicant that, according to effective normative legal acts, for an invention
implying the possibility of prophylaxis or treating of human or animal diseases, data indicating of their
influence on the disease aetiopathogenesis shall be collected in the course of an experiment involving
adequate modeis {item 49(6) of the Requirements).

Therefore, the group of inventions of the independent claims 1, 16, 24, 25,27, 29, 36, 37 and the claims
dependent thereon is not compliant with the requirement of the sufficiency of the disclosure of the
essence of the invention (item 53 of the Rules}) with the exception of the embodiments of the drug-
antibody conjugates {3), {10}, {13), {16a).

For the Applicant’s information. On the moment of issuance of the presant Official Action the Examiner
could not observe in the prior art any data disclosing the availability or obviousness of applicability of

drug-antibody conjugates {3}, {10}, {13}, (163} for treating cancer and/or tumor.
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The Applicant is invited to analyze the arguments of the Examiner.
Please find a Search Report enclosed for your records, which was conducted pursuant to ltem 2 of

Article 1386 of the Code.

Annex: Search Report on 1 sheet

The Applicant shall submit: the Applicant’s arguments concerning the above Examiner’'s arguments
and/or the amended set of claims {in accordance with ftem 96 of the Rules).

The additional materials submitted by the Applicant should not change the essence of the claimed
invention (ltem 2 of the Article 1378 of the Code).The additional materials will be available for studying
by third parties, pursuant to ltem 2 of the Article 1334 of the Code, after publication of the data about
granting a patent.According to ltem 6 of Article 1386 of the Cods, should the Applicant provide
additional materials, it is controlled, whether the said materials change the essence of the application
{Article 1378). The parts of the additional materials that change the essence of the application are not
taken into account when the invention appglication is considered.

Such materials can be provided by the Applicant as independent claims.

Federal Executive Authority on Inteilactual Property informs the Applicant hereof.

Features are deemed to be claimed not only in the instance when they are comprised in the amended
claims provided by the Applicant, but also when the Applicant only mentions the necessity to include
the said features into the claims. Should a feature of the invention be stipulated in application
documents as a generic term without the disclosure of particular forms if its implementation, provision
of the said form of implementation in additional materials with its attribution to the feature
incorporatable into the claims is the reason to deem the additional materials changing the essence of

the application {ltem 95 of the Rules).

The Examiner



5488 of 14295

Your reference:
Our reference:

Application No.:
Attorney Name:

OnCusp
Ex. 1002

SHU/PD20-3009RU
2403-532821RU
2016143351

Elena Nazina Page 1 of 2

Federal Service on Intellectual Property
Federal State Budgetary Enterprise "Federal Institute of Industrial Property"
{FiPS}
SEARCH REPORT

1. IDENTIFICATION OF THE APPLICATION

Registration number Fitling date
2016143351/04{069410} 10 April 2015
PLT/IP2015/002020 10 April 2015

Pricrity is established on the date of:
{ ]filing the application

{ ] receipt of supplementary materials of for earlier filed application No.
{ ] priority on the basis of original application No. from which said application was divided
{ ] filing original application No. ____ from which said application was divided
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ix] filing the first application({s) in the state-member of the Paris Convention
{31) Number of the first application{s} {32} Filing date of the first (33} Countrycode
application(s}
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Applicant:

DANCH! SARNKYDO COMPANY, LIMHTED P
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Chuo-ku, Tokyo 103-8426
lapan
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3. CLAIMS:
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4. CLASSIFICATION OF the SUBJECT MATTER OF THE INVENTION {UTILITY MODEL) (IPC index, current
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ABIK 47/64 (2017.00)
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AG1K 31/535 (2006.01)

CO7K 16/28 (2006.01)

AB1IP 35/00 (2006.01)
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relevant passages claim No.,
1 2 3
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docurment
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claims 1, 40
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(51) MIIK

A6IK47/64 (2017.01) A6IK31/535(2006.01) A61P35/00 (2006.01)

AGIK39/395 (2006.01) CO7KI6/28 (2006.01)

044403
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BONPOCHL, J0BO/ABL, SAMEYARNA, NHPE/UVIOXKEHWSA

PaccMOTpeB MaTepHaibl 3asgBKH, IKCTISPTH3a HPHELIA K BRIBOAY O HeoOXOOMMOCTH 3arpoca
JOTIOTHUTEIBHBIX MArepuatos B coorsercrsan ¢ u. 143 Anmmancrparusroro Pernamenra®**,
TOCKONBKY WMEIOTCH TIPeNsSTCTRYS 718 BEIHSCCHUS PEIUSHUS N0 3afRKE.

JasRUTeNE TPOCHT pPACCMOTPSTh VKA3AHHYIO 3a#BKY ¢ garo#t monmaum 10.04.2015 ¢
IIPREOPUTETOM HO Nepronadaibaoh 3axsie JP 2014-081454 or 10.04.201 4.

Pacomorpena Qopsyia, onncanue ¥ aeprexyu wsobperenys, NPeICTARICHALIS HA AaTy
TIOAYH 3ASBKH.

Sasiiexa rpyinta uzobpereunit, cocrosnias u3 § obsvexros: n.1,16 ~ KOHBOTAT AHTHTENO-
JeKApCTBeRAOe cpencTro (Bapnanthy); 1 24, 37 - pexapersesmoe cpencrso (sapnanthi) 1w 25 -
TPOTHBOOTIYXOIEBOE JCKAPCTRCHHOES CPEACTRO W/ NPOTHBOPAKOBOS TEKAPCTREHHOS CPEACTRO;
. 27,36 - $apMaueRTHYCCKASN KOMIO3HUHS (BapHaHThl), 1. 29 ~ crocol nedeHus OHmyXONH/miad
paxa.

Cormacao 1. 43 Hpasun**** paceMorpednsi JOKYMEHTOB 3asiBKH IO CVIRECTBY B
cooTRercTRUM €O crartkelt 1386 uactu uerseproit ['pamaamcroro Kogexca P® {manee Kogmewc*)
BIJIKYAST TIPOBEPKY HOCTATOYHOCTH PACKPHITHS CYBIHOCTH MIOOPETEHHS B HOKYMEHTAX 3adBKH,
IpenyCMOTperHsly roauyHrTavy 1-4 nyuwra 2 craren 1375 Kogexca® n upeacrasiesssix 53 ary
ee TOAAUM, 19 OCYINECTRICHHS W30OpeTeHns COSNManucToM B JaHHOW o6JacTH TEXHUKY,
npoBeZcHEE HHQOPMAIMOHHOTC HOKCKA B  OTHOLICHMYM 3a#BJACHHOrO K300peTeHMs And
OnpeneNeHns VPOBHA TEXHHKH, ¢ VYUYETOM KOTOpOro OyHer OCVIHECTBIBITLCS HPOBEpKa ero

COOTBETCTRBAS VCIIOBHSM Hp()MbIHLﬁGHHDﬁ OTpUMORIMOCTH, HOBU3HLY 1 ﬁS()ﬁpEiT&'l’ﬂﬂbCKOi“O YPORBHS

o Hudopmanus ¢ COCToHRUN AENOBPORIBOACTER 150 IARBKE MOKET Oprts somyuena ne senchesy 8 (499) 240 60 15;

¢ CBeSEHMR 0 COCTORMMN YCNONHOMIHOSCTRA O IARVKAM patmessmores ua calive UIC o anpecy «www.lipssw» B pasiaeie
«HRudopsannosnnie pecypess/ Brkprirnie peecTphm;

 Hign winserserssin 3UPOCa IR ROPOARCKE 150 3RALKE 3ARBURS 009330 Coofmusy of 3YOM HEIAMEAIHTLILHG,

*Tpamgascscnit gogexe Pocesmiickoit ®epepasmn Haers werpépran or 18 zexalpn 2006 r. N 231-®3 ¢ smencHusmu u
AOWOERCHR TN,

**JIoooKenRe O HATCHTHLIX B HRLIX HOMLINHAY 32 COBEPHICHIC IOPUANECCKR SHAMMMBIX FefcTBH, CRRIAMNBIX € HATEHTOM HA
MZ()G!}ET&‘EH}Q, NONILRYI0 MOEEE, ﬂp()MleJieHHLlei oﬁpaseu, < T(k&’y,ﬂﬂpCIBEHHOﬁ pEi‘iﬁch&ﬂueﬁ TOBAPHGEO JHAKES 11 JHANA oﬁcﬂymusamm,
¢ mt‘y;gapm‘sesﬂoﬁ pt‘mcwpam’it‘ﬁ M BPOROCTAMECHROM RCRISOSRYTBRROrD MPABR RA HAVMCHOBARUWE MECTR SIPOUCXORACHRR TOBAPR, 4
TAKKE € l‘ii&'}'ﬂa;}c'ﬂ'ﬂeﬂﬂ(jﬁ ;}erum‘paumeiﬁi OTUYARCHMSE HOKIEIRTCALHOIC RPABA B} PLAYJILTAT ﬂH‘IeJUleKTyaJILEHiJﬁ SZEHTENLHOCTH MR
&‘pEﬂCTBO l/ﬂi,’]lixl/ll!yajiiﬂ:}aﬂiﬂﬂ, 3AR0TE WCRIIFOFRTCIEL RO ﬂpaBa, ]]peﬂii&"{aﬂjie)iﬂﬂ ﬂ;iiﬂsiﬁ RCRONILIOBIMHH TAROI pE}yJELTaTﬁ RO TAR0rG
CPERCTRE O ROTOBOPY, REPLXOHs HCKNCMATENLHONO HPABY BA TAKOH PEIYILTAT WIH TaKoe Cpeacrso el JOTOBODPA, YFBEPIKICHHOE
nocraaonaenues lipasurenscrsa Poccnitexoli ®exepasnn or 10,12.2008 N 941 ¢ usmenensans,

FEEANMUBSCTATHBRLIED  peraaMent npesocrarenss Demeparnioi  caywfoR no  BurTeAsentTyaasnofi  cofcrsennecTn
l'()(:y,‘:lﬂptTBEi{H()i/‘l VOAYEH RO rOCysape TR PETRCT AR Ii}()ﬁ;jt“l'el{l/lﬂ B BLINAYC HATCHTA Hi nmﬁ;iereume, ere ;:\_yﬁ;mmn'a VTBOFKIN
npaxason Mumwoxonompassmrag Pocesn ov 25052016 roga N 315, saperucrpupoepas 34.07.2036, permeypamsomunii N 42843, ¢
BRIMICHC IS SEVNS .

****H;Fiﬂiliﬂﬂ COCTRBACHNSH, NOAQYH ¥ PARCCMOTPEHHT ACKYMERTOB, SBARICINHICH BCROBIUNEM LIS COBCPRICHM S IOPHIIICCKR
A TRMERY FefiCTBsE DO FOCY RSP TSeHHGH perRCT panny mrofperennii, i ux GOpMLI YTBSjRReHE] BpuKalom MursnonoMpaisusus Poceus
orF 25,05.2016 N 316, sapermcrpuponanss 11.07.2016, perncrpannomsnit N 42800,

*xxerTpefoBasng K XCKYMCRTAM J4SiBKR BR BLETASY DATORTR Hi n300percmne yrBep:KReRbl BPUKa3oM MunKoHoMpPasBUTHsE
Pocenn o1 25.05.2016 N 316, 3apeructpuporanii 11.07.2016, perncrpaunonunii N 42800,
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B COOTBRTCTBHH ¢ nyHKTaMu 2-4 crares 1350 Kozexca®, a Taioke HpOBEPKY HNPOMEHUICHHON
IPEMEHHMOCTH, HOBMIHBY ¥ M1300pETATEIRCKOr0 VPOBHS H3o0peTens.

Bruwmanne sassurens obpaiaercst Ha 1o, uro cormacko .53 Tpasus™**¥ wpr nposepre
OOCTATOMHOCTH  pAcKpHITHS CYIQHOCTH 3aABJACHHOTCO H300peTeHUS B  JAOKYMEHTAN 3adBKY,
IIPEayCMOTPEHHEIX HoanmyExTamy 1-4 myrxra 2 crareu 1375 Konexca* u npeacTasieHHEIX HA JaTV
g€ TIoAAUM, ML OCVINECTEReHMH u300perTcHus CUenuaincroM B AaHHOoR ofnacti TexHuxy
TPOBEPHCTCS, CONCPIKATCH T B JOKYMEHTAY 3a9BKM CBOXOHMS ¢ HasHadeHuu n300pereHus, o
TEXHHUYECKOM pesynartare, ofecmedmsacmom  w30OpeTeHMeM, pPACKPHLITA M4 COBOKYHHOCTD
CYIIECTBEHHBIX  NPHIHAKOB, HeoOXOMHMBIX  AIM  JOCTIDKCHHS  YKA3aHHOIO  3asiBUTENSM
TEXHUYOCKOIG DPERYNsTaTa, 4 Taoke colmoasHbl AR VOTAHORICHASLIS nyaxkrtamm 36-43, 43-50
Tpebopanuit***** x goxvMeHTaM 3adBKYM HPABUNA, TPHMCHISMBLIS NPH PACKPBITHM CYIIHOCTH
u30OPETeHNUS B PACKPBITAY CBeASHMH O BOIMOMKHOCTH OCYILeCTBISHRS H3o0peTeHuA.

Cornacno 1. 45 Tpebopavuit™**** g paznene onmcanvs nsobperenust "Ocymecraiesue
u30bpeTeHns”  OPHBOASTCH  CROJCHMS, DACKPHIBAOLIING, KaK MOXeT ObiTE  OCYIIECTBCHO
u3obpeTeHre ¢ peawlnsaimed  YKA3QHHOTG 3AABUTENEGM HAazHaueHus uzobpereHus u ¢
TTOATEEPHCICHHEM BO3MOMKHOCTH AOCTIDKCHHS TEXHHYSCKOTO PE3VIBTATA IPH OCYIeCTBICHHH
n300peTeRMA IVTEM VPHBEXCHAS NCTANBHOYC ONMCAHMM, IO KpalHelh Mepe, OAHOro npuMepa
OCYMIECTBICHISA H30GPeTeH s CO CCBUTKAMHE HA TPadiiriecKiie MaTepHaTs], ©CIH OHU MPeCTaBISHbL

Yro KACcaeTCA HAZHAUCHMS 3asBlIeHHOM rpynnel m3oOperemuit, skcrepruia obpamiaer
BHUMIHNAE HA CALIVIOMSE.

1y Obpamgaem seuManue Ha Un. 1,16, B KOTOPHIS HE YKA3aHO HAIHAYCHUES KOHWEIOTAT
AHTUTENO-TEKAPCTBEHHOS CPEACTRO.

AHaNMBAPYA MATEpHaNsl 3aABKM, 3KCIEPTH3A HONAraer, 4ro HasHAYCHWeM 3asBIeHHbIX
nsobperenwit no vn. 1,16 sraserca seueHne Onyxoan Wy paxa.

2y Tawwe ofpamaeMm BHUMAHME HZ POJOROS UOHITHE Hesapucumbiy  Bi24,37,
cPOPMYIUPOBRAHAOE KaKk: «JIeKapCTBEHROE CPECTBO», KOTOPOS He YAOBIETBOPAST YKARAHHOMY
TpeCOBARMID O NPHIAHAM YKazaHueiM Rwxke. B coorsercrsuu co crarsedl 4 FTnaser 1
Genepansioro zakona ot 12 anpens 2010 roma N 61-83 «00 ofpameHuy AeKapCTRESHHBX
cpeacrey ({lpmugr Focyzapcreemmoit  [Mymolt 24.03.2010, Onobpen Comerom Pepepanms
31.03.2010, Onybmuxosan 14 anperns 2010 8 Poccuticko#t Tazere, Berynun B crny 01.01.2016)
JexaperseHHast GopMa — COCTOSIHNR JeKapCTBeHHONO Ipenapara, COOTBETCTRY e cnocobam ero
BBEISHWA ¥ NPUMEHEHHS ¥ 00SCHeuynBaOuiee TOCTIKEHNE HeoOXoanmoro ieuebuoro adidexra.
Creposarenbro, Hezasncumebie 124,37, xapaxrepusyroniue «JIeKapcTBEHHOS CREACTBO» HOIDKHEI

CORCPKATE REPAKTSPUCTUKY SeuebHoro 3(1)@@1(”?&, OQKAZBIBACMON( Ha OPraHnsM NalMeHTa.
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AHamsUpyA MATepHANE 3aZBi¥, jeueOmeix 3(QdexToM 3adBNeHHRIX m3olperemuil mo
1112437 smnusercs Tepanust paxa 1 onyxoneh. Taxum obpazom, sasnagennem . 24,37 anisercs
JICYSHHE PaKa Wi OnyX Oy,

3} Hanee oOpauiaeM BHUMAHUE 3AABMTEAA HA TO, 9T B 10L.27,36 OTCYTCTBYST HAHAYSHUES
hapMaeBTHIECKON KOMITORUIHIL

Chaenyver oTMernTs, ¥T0 B (GopMyie u300peTeHds POAOBOS IIOHATHE, OTPAKAOIES
HA3ZHAYEHKE, MOKET OMTh VKa3aHo XKak «hapManeBTHUECKas KoMOOsHiwsyy 0e3 yrazaHus Ha
MEXAHE3M BO3AeHCTBHS, OCHONOTHHYECKON aKTHBHOCTH WIH TPeIHAZHAYCHHOCTH Mg JICUCHES
xaxoro-mbo 3abonepanus. B TakoM CIvuae NpoBepsSrcs, MPUBCISHB! M B NEPBOHAYATHHOM
onucasud n300peTeHMst CBEAGHHS O BOSMOWHOCTH WCNOJB3OBAHUS SABJSHHOIO CPRACTRA N
MPpOdHISKTAKA, THATHOCTHKY WWIN JCUCHNS SHATUTENRHOrO KOTHYECTBA OONesHeH pasiuuyHoro
3TUONATOrSRe3a WM €0 aKTHBHOCTH B OTHOWSHHR paspauHeix  Mmupiexed.  Csegenms,
OPUBERECHABIE B 3TOM ONMHCAHMY W300pETeHus, CBANETENLCTEYIOT, 9T0 YKA3AHHAS KOMIIOZALMS,
HaIpyUMeEp, TPOSBISCT 3KTHUBHOCTH TOARKC B OTHOUICHMM JUIs JICWSHUT Paxa, TO TAKHE CBEACHUY
HEME3S CUHTaTh ROCTATOMHBLIMM NI HONTBEDAKASHUZ BO3MOKHOCTH DEATM3ANMH VKA3AHHOTO B
bopmyie n300peTeHrs HAIHAYCHUS, OXBATHIBASMOTO HIHPOKHM NOHSTHEM «(apMaueBTHISCcKas
KOMIO3RIMSDY.

{ipu 5TOM B OIMMCABUY OTCYTCTEYIOT CBEACHUS O BOSMOKHOCTH UCHONBI0BAHNS 3aIBICHHON
(hapManesTHIeCKON KOMIOZUIIAHA WIS JISYSHHs SHAYIATENBHOTC KonudecTsa (olesHel pazindroro
ITHONATOTSRE3A.

AHATAZHAPYST MATepHaATsl 3a9B8KH, SKCTEPTH3a CUMTACT, YTO HASHATCHWEeM KOMIOBZHUWHM To
mr. 27,36 $BRgeTCA ACHCHNT PAKA W/HITH OIYXOMHA.

Taxum  ofpazoM, HasHaueHmeM  3assiedHol  rpymmsr  uaolperesu#  mo  mL
1,16,24 252729 36,37 spisiercy Heyerve paka n/ui onyxons.

AHANUINPYd POATH3AUMI0 HASHAMCHWS, SKChepTuza oOpalaet BHUMAHME HA TO, ¥TO
cormacHo (Gopumyre u3oOpeTeHHS HPEANONAraeTcs BBeHeHMe CyOBEKTY MEHAHBHAYANLHOTO
COSAMHCHHS, OXAPAKTSPUSORAHHOIO CIPyKTVpHOH (opMmynoH, xoropsie npeacrassior codod
Conniuol P KOHKPETHRIX REUIECTB. Marepuaint 3asBKM  COASPKAT CXeMbl CHHTE3A DUIa
coemuHeHnMH ® ux xXapakrepucturym (c.193-229), cxpusmAr Ouonormdeckod aKTHBHOCTH
CHHTEe3UPOBAHHBIX MHAUBANYATLHBIN coeanHennil in vitro {¢.230-247). Tlpwm srom, reolXomuMo
OTMEIWTH, 9TO B MATepUalax 3asBKax Uporupoonysonesetd sddexr nokazad Jwins st
KOHBIOTATOR aHTUTENO-1eKapeTrennoe cpeactso (3), (10}, (13}, (16a), koTophie XapakTepusyIOTCH
KOHKPOTHBIME CEPYKTVpHBIME (opmynasu coemmuennfi (¢ 247-277). OxHaxo 88 B yposHE
TEXHHKH, RY B MATCPUATAX 3a8BKH HET HUKAKKRX CREISHMH, NO3BOISIOMUX MPeATION0KATE, YTO BCE

YKA33aHARIC B TabnHax BENIECTBA IIO3BOJAT OCVINECTBUTH JCHOHHNEC TIAMEHTORB, CTPAAAIOHIAX
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VKA3GHHEIMK Bbimie 3abornepanusym. [Py 3TOM H3 YPOBHS TEXHHKM W3IBECTHO, YTO PAa3HUHBE
(GYHKUHORANBHBIS IPYIINLl HPKM HX BBEISHWM B MOJISKYJY BELHECTBa, a TAOKe W3MeHeHue caMoH
CTPYKTYDB! BSIECTRA, MOFYT H3MeHHTs ero dapsaxonormueckyo axrusuocrs (BEJTUKORB BT,
GapmaueeTudeckas xumusg, M., Beicirag mixona, 1993, ¢ 43-473.

Kpowme toro, B oTHomeHuM cenenuit of 3deKTHBHOCTH CoenMHEHHN MO Pe3VALTATaM in
Vitro  agannsa, veasapseix  ga ¢230-247) ofpamaem BRAMAHHE HA TO, WTO HANPAMYO
SKCTPAONUPOBATE 3TH JA3HHBIC HA USAOCTHRIM OPravu3M He NPEICTARISTCH  BOSMOKHEIM,
TOCKONEKY U3 YPOBHS TEXHMKM H3BECTHO, 4UTO MEXIY JKCHEPHMEHTaMH in VIlro W JeYeHHeM
4eIOBeKa MOTYT OBITH BBIIBJISHBI cyinecteenHnie pasmimus («Kparxmit xKype MOJEKyISpHOH
dbapmarororuny nod pex TLB.Cepreesa, M., 1975, ¢.10). CBs3300 370 € TeM, 9T0 Ha MPOSIBIASHME
SKTHRHOCTH BEUISCTBA B VCIORMAY XKHBOTO OPFAHA3MA OKA3HIRAST BIUSHUE MHOKECTBO (BarTopos,
HeRCTBHE KOTOpBIX OJKCHEPUMERT N VIlro He YYHTHBAST. pacnpejciesne BelecTsa B
SUOTOrHYeCKHR CPEIAX OPTannsMa, JOCTYITHOCTS i Mamenel neficrens, Suotpancdopmaius u
1.0 (JLE Xononos u ap. «Knuauueckast papmaxoxkuueturay, M., «Memumunan, 1985, ¢ 83-98,
134-138, 160, 378-380). B cea3u ¢ 3TuM JnaHsbie 00 aKTMRHOCTHM, MONYYCHHBIC B PE3yALTATE
IJKCTHEPUMEHTOB 1n VIFO, HE MOIVT CIYKATH HOATBE[DKISHHEM AKTHBHOCTH BEINECTEA B YCIIOBUAX
HKABOTO OPTaBi3Ma.

HanomuHaen 3adBUTEIK O TOM, YT COTJIACHO ICHCTBYIOIIHM HOPMATHBHBIM HPABOBBIM
akram, I H300pereHHs, OTHOCABIEroCs K BOZMOXKHOCTH NpodMIaKTvKy¥ WIUM JIedeHHMs H
zadonesanuil JBoJeH M KABOTHBIX, UPHBOASTCH JaHHBIS, CBHASTEILCTRYOLIAS O BIHSHHA HA
atuonarorenesa 3abomeBanus, TIONYICHHBIS B YKCISPHMEHTe HA AXEKBATHRIX Moxeasx (m. 49(6)
Tpeboamuir* * 4 %),

Taxum obpazom, rpynna uzobperenufl 1o Hexasmenmeiv nn. 1,16,24 2527 293637 u
3aBHCUMBIM OT HHX HYHKTAM HE COOTBETCTRYIOT TPeOOBaARe FOCTATOYHOCTH PACKPHITHS CYIHOCTH
sageaensoro  u3oOperenns (53 [lpapmn™**%) 33 HCKUOYCHWEM BAPHAHTOB KOHBIOTATOB

anTATENO-IeKapersertoe cpeactso (3), (103, (13), (16a).

K cpexennio sassuTes. Ha MOMEHT HANPABICHNS JAHHOO 3af1pOCa 3KCIEPTH3S HE VIANOCH
oCHAPYKUTL B VPOBHE TEXHMKM CBEISHW, PACKPBHIBAIOIHMX W3BECTHOCTE WIM OUEBHIHOCTH
KOHBIOTATOB anTureio-iexapcrsenmos cpejcrso (3), (10), (13), {16a) nna megenns paxa w/uin

OITYXOJI.

3asaBaATENG NpCHfiaracTesd HpoaHaM3npoBaTs J0BOIEI SKCHCPTHUAEL
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Hanpas.meM BaM BJasi CRCACHUS OTUCT 06 HHd}OpNI&HIIOIiIﬁOM HOKCKES, HpOBe,Z[eHHOM B
coorsercTeum ¢ 1.2 cr. 1386 Kogexca™.

Tpunoxeswe: oruer 06 undopmannonsom noucke 5a 1 1. 8 1 k3.

3agsuTanie HeoOXOAUMO TPEACTABHTE!

CBOM  JXOBOASL B  OTHONICHMM  BRINICHGIOMEHHBIX  JOBOAOB  SKCHEPTH3BL, WM
CROPPEKTHPOBaHHEYI0 hopmyay (B cooTrercTry ¢ 11 96 [ipapna®™*¥%),

Eciu 2a9BUTSHE B TPREXMEsaunbill CPOK €0 AEY HANPABJICHHHA IANPOCA HE NPEIACTABUT
3aNPANKBASMBIC MATSPHUATH! IR HE MONACT XOIATAHCTRO O NPOAISHUY 3TOIO CPOKa, sasiska Oy rer
nprsHana orossadAroi. CpoK HPeNCTaBIecHUS 3aNPOLICHABIX MATePRATOB MOMXET ObITh NPOIICH, HO
He Bojgee UeM Ha JeCHTE MeCAueR {(ofwuil Cpox npooneHud He OONNCEH NPESHamb OLCimb
mecayeg) (1. 6 cr. 1386 Koznexca™)

Tpoaierne CpoKa OTBETA HA 3af1POC IKCHSPTHIB OCYIECTRISETCH UPH YCIOBUH YITATH!

CGOTBQTCTBY}OI.[[fﬁﬁ TATEHTHOHN MOILTHHBL B YCTaRORJACHHOM IOPATKS.

HOH\T}HHM’I‘SJEEHEIE Marepuaiibl, MOAAHHDLIC 3AABUTCIICM, HC HODKHBI MIMEHATH 3asiBKY Ha

nsobperenwe no evixecrsy (. 2 cr. 1378 Kogexca™),

,[IOUOHHHTSJH:HEIS Marepruaiisl OpPCACTARIIIIOTCA Ha OIHAKOMIICHUE TPOCTbHM JIHMIAM B

coorsercrauy ¢ 11 2 or. 1394 Koaekca® nocae nyGiaukalun Cegrennit o Beljaye naresTa.

Cornmacro 1.6 c¢r. 1386 Kopexca® B cnyuae, eCi¥  3aMBUTENEM EPSACTARIICHBI
JONOIHATENbHBIC MATEPUAILL, [IPOBEPACTCS, HE HIMCHMIOT JiH OHM 33SBKY HO CYIIECTBY {CTarhs
1378). JonoiaAuTersHBIe MATEPHABL B WACTH, WIMEHAIOINEH 3asBKY 1O  CYNECTBY, Hpu
PACCMOTPEHEA 339BKM HA M300PSTCHUE BO BHUMAHUC HE MIPUHMMAIOTCA. TaKue Marepuassl MOoryT
Orprte BPECTABNIGHBI 3adBUTENEM B KAYMECTBE CaMoCrosTensHOH jzassku. MenepansHsil opraq
UCITONTHUTENBHON BAACTY [TO HATEIISKTY ATbHOM COBCTBERROCTY YBEROMIALET 00 3TOM 3aSBUTEIN,

TlprsHaK CUMTATC NONISKAIMA BRKIIOUSHMIO B hopMmyay u300peTennst 5o TONBKO B
TOM CIVY3E, KOTHA OHH COZEPWATCH B OPEACTABIACHHOH 3aspuTeneM YTOUYHEHHON Qopmyne
#300peTeRNSA, HO M KOFAA 3asBHTENL JMIND YKA3IBBAST HA HeoOXOARMOCTD BIIIOUeHUSA B BOpMYIy
n300peTeRUs TAKUX HPHZHAKOR,

Ecau Ha JaTy HMOZAYH 3a9BKY TPH3HAK K300pererus ObUT BRIPAKEH B IOKYMEHTAX 3a9BKA
oOmaM nonsTreM 0e3 PacKpeiTést YacTHLIX BOpM ero BLIIOJAHEHUS, TO HPEICTABISHMES TaKoH

(bOprl BRUTOQNTHCAUA B JONMOMBHTSABHLIX MATCPHANAX ¢ OTHOCSHMOM €€ K TPUI3HAKY, TOANCKAINEMY
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BKIIOYCHHIO B @Oph@'ﬂy HEOﬁ]}ETeHI/Iﬁ, SABJACTCH OCHOBAHMCOM N OPHSHAHUA JONOJHHUTCIDHDIX

MATEPHANOB H3MEHSIOMIMHE 3asIBKY 110 cymectny (1r.96 Hpapny® #* %),

Inapusii
LOCY AApCTBEHHABIN CHIC
SKCTEPT 0O - P

p . CepTidukaT A 1L PyBaino
HHTSICKTY ATbHOU 25155CAS5T34EQS2ER 16ECBABRE3YY 8(499)240-61-58
COBCTBEHHOCTH OTIENA Brageney  PyBaiino )

. Hapbs MerposHa

OPrafiIeciKon XHMHH ¥ Cpok faiicTus © 05.10.2018 no 08.02.2027

bapmanestaxa GHIIC

Yepnpimera 1. B.

8 (499) 240-30-17
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Doprea Ko 18 H3,IRM-2011

Depepansuan ciyxba no wureIeRTY ANsN0H cofcTBeRHOCTH
DegepaTbHOL TOCYAGPCTBEHHEOS DK DKETHOR YUPEKICHHE

@ «@epepabHbHL RHCTHTYT RPOMBILICHROH COBCTREHHOCTI
(DUTIC)
OTHET O HOUCKE
1.  RAEHTUORKAUNA 2AABEY
PeTUCTPATHOHHBIA HOMED Jara nogaMn
2016143351/04{069410) 10.04 2015
PCT/IP2015/002020 10.04 2015

[lpuopnIer YCTaHORICH ¢ AaTe.
[ 1 nopawwnsaseen

[ ] DocTyrreHws JONONHUTCABHEIN MATCPHANOR OT K pagee ToXaHHOH 3asBKe Ne
{ ] mpuopurera IO IEPBOHAYAIbHOR 3a8BKe No 12 KOTOPOH JAHHAA 3448Ka BRIICICHA
[ 1 vopaan gepBoHAMANL a0l 3asBKy N2 83 KOTOPOH JaMBAL 3a3BK] BLLACISHA
{ 1 nomauu paxee HoRAHHOR 3asBry No
[X] poaaws nepsoii(six) 2aasKE(0K) B TOCYXAPCTEE-yIACTHIEKE | TApMRCKOR KOBBEHIUE
(3 1) Homep tepsoii{pix) 3a8104(0x} {32) Jlara pogaun neproi{pIx} sasBku(oK} (33} Kon crpadn
I, 2014-081454 §0.04.2014 JP

Haspasye wsobperenns (monesaoil mogenny: [ X1 - kaxsaseneno, [ ] - yrouseunoe (om. Tiprvesanus)

KOHBIOT AT AHTHW-HER3 AHTUTEJIC-JIEKAPCTBEHHOE CPEJICTBO

Sassurems: JAVMMTU CAHKUO KOMITAHMW, TMMATEL JP, HAMWTU CAHKHUO IOPOIT IM6X,
DE

2. EXHHCTRO W3OLPETEHHA
{ X1 cobmogeno [ 1 me cobmoncno. Moscuenus: cm. [IpuMcHanus

3. BOPMYIA HIOLGPRTEHTA:

X} npuBATE BO PHEMAHHC BCE OYHKTEL
[X] mp B (oM. Tpmvicuanms)
{ ] upursers: 8O BHOMAHVE CHERY FOMEME TVHETEL
{ 1 npunmsra 80 sEpManne WwiMeHeHHAS GOPMY a2 H30GPETECHAY (om. {Ipuveranus)

4. KFACCHGUKANNA OBBEKTA BIOBPETEHNS (NONESHOR M(})]EJIH) {YraseisarotTes wHnekees MITK n
UHAHKATOP TEKyLEH BepCuu)

AGIK 47/64 (2017.01)
AGIK 39/395 (2006.01)
AGIK 31/533 (2006.01)
COTK 16/28 (2006.01)
A61P 35/00 (2006.01)

5. OBJACTL HOUCKA
5.1 {posepenuné manamys goexymerranpy PCT (ykassmaercs uraercama MUK
AGTK 47/64, 39/395, 31/333, COTK 16/28, AG1P 35/00

5.2 Jpyras npoOBepCHHAA ZOKYMCHTAIA B T0H MEpe, B KaKoH OHA BITHOMCHA B IOUCKOBLIC NOAOOPKHA.

5.3 SrexTpounse 6a3hl HAHEEY, BCUOB30BANBEC PH HONCKe (Ma3Banye Oabl, ¥ SCII, BO3MOKEO, IOUCKOBEIE
TEPMUHED
DWPL E-Library, Google, Google Patents, PatSearch, Science Direct

6. HOKYMEHTH, OTHOCANNECH K IPEAMETY HOHCKA

Kare~ HaunMCHOBAHHEC JOKYMCHTA C VKA3AHUCM (TI¢ HEOOX0 MO} HacTell, OtHOCHTCH K
ropus* OTHOCSIIEXCH K IIPCAMETY NOBCKA TEVERTY
dopsy st No

{cm. na obopome)
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A RU 2404810 2 (GENENTECH INC [USDH, 27.11.2010, secs 1-38
JOKYMEHT

A WO 2012019024 A2 (IMMUNOGEN INC [US], 09.02.2012, 1-38
abstract, claim 1,40

A JEFFREY € KANG ET AL. Engmeering multivalent antibodies to 1-38
target heregulin-induced HER3 signaling in breast cancer cells, mAbs,
2014, 6:2, p. 340-353.

A SIEVERS, E. L. et al, Antibody-Drug Conjugates in Cancer Therapy. 1-38
Annual Review of Medicine, 2013, 64(1), p. 15-29.

*(co0pie KATCIOPHK CCRUIDYRBIX AOKYMEBTOB!

«Ay ZOKYMCHT, OIIPpeACITHOIE 00mHil ypOBCHE TeXHUKH 1 HE
CUHTAIOIAHCE 0c000 PCICBAHTHBIM

«Ex» Sonece pasrnil 0KV MEHT, HO OXyOIMKOBANBRE Ha [aTy
MCKIY HAPOAHOI NOAAYH WM OCHE HEE

«L» ZOKyMEHT, HOABCPTAINN COMHCHIIO IPUTA3AHNC(T) HA
TIPHOPHTET, W KOTOPLIA TPHBOKHTCH © HEIBIC YCTAROBCHEA
JEETH BV OMBKAIEN BPYTOre CChIIGIHOIC JOKYMEHTA, 4 TRIGKS B
OPYTHX HRIDEX (KAK VEA3aHO)

«{(I» ZOKYMCHT, OTHOCATIMNCA K YCTHOMY PACKPEITHIO,
UCTIOMB30BARMI0, SXCIOHUPOBAHIG B T3,

«Py» ZOKYMEHT, OyGIHKOBAHKENH A0 JAThl MEXKIY HAPOABOMN NoXasy,
HO HOCKE JaTHl HCHPAiRBACMOr0 IPHOPUTETA

«F» Gonee TO3GHWE — JOKVMCHT, ONVOTWXOBAHHBIN TOCHEC AATHI
MEKIEY HapOABOH  nogauu WM Jathl DPUHOPHISTA U He
TOPOHAIUi 3a4BKY, HO IPHBCACHHEN A1 NOHAMAHI IPHHIMNA
WK TeOPHH, Ha KOTOPBIX OCHOBBIBACTCA H30ODETCHUC

«X» moxyMeHT, nmMewmul Haubonee Hmxoe

OTHOICHUC K IPCIMOTY TIOHCKA.
sageneHoe w30Gperenue 8e obnamact
BOBH3HOH Wi w300peTaTCIBCKUM
VPOBHEM B CPABHCHUU ¢ AOKYMCHTOM,
BHTHIM 8 OTHCHBHOCTH

«¥» HoKyMexT, MMe DI sanlonee Dioe

«d&n

OTHOINCHUC K OPCOMETY  THOHCKE,
3AABICHHOS W300peTcHHC He o0mazact
B300PETATENLCKAM  VPOBHEM,  KONXA
AOKYMCHY B34T 8 COMCTAHRH C O4HUEM
By HCCEQIBKUME JOKVMCHTAMU TOR XKE
KATCTOPUH, Taxas koMGUHAIA
JMOKYMEHTOE OUCBHIHA U CIICIHANBCTA

[OKYMEHT, ABIIMOIUHACE HATCHIOM-
HATOTOM

7. HPBEMEYABHA:

8. VEOCTOBEPEHHE OTUYETA

Hacrosmui 0T4eT CocTont 3 | a.

K OTHCTY NPUICKCHSBI KON CCRIJIOX

HA - L B -~ 3X3.

Jara melicTeuTenBHOTG apepmenng noucka: 04.03.2019

HiguckoBoiii opramn:
SUHC
Bepemxoncxad uaf., 30, wopu. 1, Mockea, [-5%, TCH-3, 125993
Tenedon (8-499) 240- 60- 15, Paxe (B-495) 531- 63- 18;
e-mail: fips@raplo.ss
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TRANSLATION

OFFICIAL ACTION

{21) Application number 2016123597/10{036880).

{22} Date of filing the application 28 January 2015,

(71) Applicant(s]  DAINCHI SANKYO COMPANY, LIMITED, IP
(51) IPC ABIK 31/4745, AG1K 39/395, AGLP 35/00

QUESTIONS, ARGUMENTS, OBJECTIONS, PROPOSALS

Having studied the application materials, the Examiner arrives at the conclusion about necessity
to request additional information, since there are bars to making a decision regarding the application.

The Applicant claims the convention priority on 31 January 2014 according to first applications
No. 2014-017777 filed with the japan Patent Office.

To be examined are the original claims consisting of 27 claims and comprising 6 subjects.

We kindly point out the following violations as related to the drafting of the claims.

Pursuant to Section 24.4(3} of the Administrative Regulations, it shall be established, if there is a
possibility for a person skilled in the art to understand the substantial content of a feature based on
the prior art.

The feature of claim 3 “-KOGGFG-" does not provide for the possibility of understanding it, since
there is 3 Russian letter “4” in the single-letier spelling of the amino acid sequence.

Therefore, the Applicant may amend the claims, taking into consideration said violations,

The Examiner kindly points out that if it is established that a feature is characterized in violation
of the condition set forth in sub-section (4), Section 10.8 of the Administrative Regulations, but the
Applicant refuses to amend the claims, the application will be considered to have been withdrawn,

Pursuant to Section 10.8.1.5(3) of the Administrative Regulations, a dependent claim shall not be
presented in such a way that a replacement or elimination of the features of the invention takes place,
such invention characterized in that claim to which the dependent claim is subordinate.

Claim 16 depends on claim 15 and comprises a feature "n® is 27 and “L? is a single bond”, This

replaces the features of claim 15, wherein “n® is 5” and “L? is a single bond”.

L0 A

o

L
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Claim 17 depends on claim 15 and comprises features “n® is 5, 1% is -NH-{(CH;CH-On®-CH CHy-
C{=0)-, and n* is 4”. This replaces the features of claim 15, wherein “n®is 2, L? s -NH-{CH,CHy-O)n?-
CHLCHo-C{=0)-, and n*is 27,

Therefore, the Applicant may amend the claims, taking into consideration said violations.

pursuant to Section 10.8.1.3(1) of the Administrative Regulations, a claim shall comprise the
features of the invention, including a generic term showing the purpose, which opens the presentation
of the claims.

And in independent claims 1 and 14, the purpose of the “antibody-drug conjugate” is not
indicated.

Therefore, the Applicant may amend claims 1 and 14, taking into consideration said violation.

Pursuant to Section 10.8.1.4{2) of the Administrative Regulations, an independent claim shall
relate to one invention only,

independent claims 23 and 27 relate {each} to twe inventions, since the set of features contained
therein (in particular, an antitumor drug, an anticancer drug, a8 method for treating tumor, and a
method for treating cancer) comprises the characteristic of inventions relatad to a set of means, and
each has its own purpose, without the implementation of a common purpose by said set of means.

Therefore, the Applicant may amend claims 23 and 27, taking into consideration said violation,
for example, by making several independent claims, based on each of claims 23 and 27.

Wwith regard to independent claims 1, 14, 23 and 27, we kindly advise the following.

in case of correction of the viclation as related to the drafting of said claims, they may be
recognized compliant with the patentability conditions.

With regard to independent claims 22 and 25 defining a drug or a pharmaceutical composition,
we kindly advise the following.

Pursuant to Section 24.5.1{2) of the Administrative Regulations, one shall make sure that the
implementation of the purpose indicated by the Applicant is really possible in case of the carrying out
of the invention according to any claim.

If mere experimental data can evidence the possibility to carry out the invention and to
implement the indicated purpose, then it shall be checked if the description of the invention contains
the examples of embodiment thereof with the indication of relevant data, and it shall be established if

such examples are sufficient for the conclusion on the compliance with said requirement to apply to



OnCusp

5501 of 14295 Ex. 1002
Your reference: SHU/PD20-S008RU Official Action
Qur refarence: 2403-533625RU
Application No.: 2016123597
Attorney Name: Elena Nazina _  Page3of4d

various particular embodiments of the feature, such particular embodiments falling within the notion
indicated by the Applicant in the claims.

In the claims, the generic term showing the purpose may be indicated as “a pharmaceutical
composition” {or “a drug”), without a reference to a mode of action, biological activity or specificity to
treat a disease. In this case, one should check if the description of the invention contains information
on the possibility to use the claimed composition for preventing, diagnosing and/or treating a
significant number of diseases of various etiopathogeneses or activity thereof in relation to various
targets.

If the information presented in the description evidences that sald composition exhibits activity,
for example, only in relation to a certain type of subjects, such information may not be considered
sufficient for the confirmation of possibility to implement the purpose indicated in the claims, such
purpose covered by the broad notion “pharmaceutical composition”.

The information presented in the description evidences that the claimed composition (and the
drug) exhibits activity only in relation to a certain type of subjects — treating cancer {(examples}. Thus,
such information may not be considered sufficient for the confirmation of possibility to implement the
purpose indicated in the claims, such purpose covered by the broad notion “pharmaceutical

i

composition” {or “drug”).

Thus, the inventions according to claims 22 and 25 are incompliant with the industrial
applicability patentability condition, since the implementation of the purpose is not confirmed in the
entire scope of the claims (Section 24.5.1{2) of the Administrative Regulations}.

The Applicant may indicate the purpose in claims 22 and 25 as “a pharmaceutical compasition for
treating cancer” and “a drug for treating cancer”, respectively, and should consider that amended claim

22 does not copy claim 23.

Attached, please, find a single copy of the Search Report on one sheet.

* Administrative Regulations for the performance by the Federal Service for Intellectual Property,
Patents and Trademarks of the public function related to the arrangement of the acceptance of
applications for inventions and the consideration and examination thereof, and proper issue of patents
of the Russian Federation, passed by Order No. 327 of the Russian Ministry of Education and Science
on October 29, 2008, and registered by the Russian Ministry of Justice on February 20, 2009, No. 13413
(Bulietin of Federal Agency Regulations, 2009, No.21).
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if the Applicant does not furnish requested materials within three months from the date of
dispatch of this Office Action or does not submit a request to prolong this term, the application will be
considered to have been withdrawn. The term established for submission of requested materials may
be extended, but for no more than for ten months (total extension term may not exceed ten months)
{Section & Art. 1386 of the Code).

Extension of the term for reply to the Examiner’s Office Action shall be effected subject to the

payment of a relevant patent fee as applicable.

Supplementary materials submitted by the Applicant shall not alter the substance of the

application {Section 2 Art. 1378 of the Code}.

The supplementary materials may be made available to third parties pursuant to Section 2, Art.

1384 of the Code after the information on the issue of a patent is published.
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Federal Service on Intellectual Property
Federal State Budgetary Enterprise "Federal Institute of Industrial Property”
{FIPS}
SEARCH REPORT

1. IDENTIFICATION OF THE APPLICATION

Registration number Filing date
2016123587/10{036880) 28 January 2015
PCT/IP2015/000355 28 January 2015

Sroriteit sstabiished on the date of

[ filing the application

{ ]receipt of supplementary materials of for earlier filed application No.

{ 1 priority on the basis of original applicationNo. _____ from which said application was divided
[ 1filing original application No. from which said application was divided

[ 1filing earlier filed application No.

{x] filing the first application{s) in the state-mermber of the Paris Convention

I

{31) Number of the first application(s) {32} Filing date of the first (33)Country code
application(s)

i. 2014-017777 31 January 2014 P
2. 2014-168%44 22 August 2014 P
3. 2014-227886 18 November 2014 i
The title of the invention (utility model) [x] as claimed [} amended (see Notes):
ANTI-HERZ ANTIBODY-DRUG CONJUGATE
- Applicant: ) e
. DANICH! SANKYO COMPANY, LUMITED Lip
2. UNITY OF INVENTION
[x] fulfilled {1 not fulfilled Comments: see Notes
3. CLAIVIS:
ix] all claims were considered
[ ]the following claims were considered {see Notes}
[ 1amended claims were considered {see Notes}

4. CLASSIFICATION OF the SUBJECT MATTER OF THE INVENTION {UTILITY MODEL) {IPC index, current
version indicator)
AGIK 31/4745 {2006.01)
AGIK 38/395 (2006.01)
AB1P 35/00 (2006.01)
5. FIELD SEARCHED
5.1, The minimum of PCT documents revised {indicated by IPC indexes):
AB1K 31/4745
AB1K 35/335
AB1P 35/00
5.2 Cther revised documents as was included into search collations:
5.3 Electronic databases used in the search: {the name of a database and search terms, if possible}:
DWPI, Espacenet, Google, PatSearch, PubMed, RUPTO, USPTO, Yandex
5. DOCUMENTS CONSIDERED TO BE RELEVANT
Category® Citation of document, with indication, where appropriate, Qf the | Relevant to
relevant passages ‘ claim No

, 2 |@§a§m§§§?{§‘itﬁ§§§fﬁiﬁ
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A US 20030171262 A1 {DAHCHI PHARMACEUTICAL CO., LTD 1-27
[P]) 11.09.2003, abstract, {0002], [0042], table 1, claims 1-28
A BAROK M., et al., Trastuzumab-DM1 is highly effective in 1-27
preclinical models of HER2-positive gastric cancer.Cancer Lett, 2011
Jul 28;306{2):171-9. dok: 10.1016/j.canlet.2011.03.002, Epub 2011
Apr 1., abstract
A WENTE MN,, ot al., DE-310, a3 macromolecular prodrug of the 1-27
topoisomerase-i-inhibitor exatecan {DX-8951)}, in patients with
operable solid tumors.invest New Drugs. 2005 Aug;23({4):339-47,,
abstract
A OGUMA T., et al., Validation study of a method for assaying DE-310, 1-27
a macromolecular carrier conjugate containing an anti-tumor
carnptothecin derivative, and the free drug in tumor tissue by high
performance liquid chromatography/atmospheric pressure chemical
ionization tandem mass spectrometry.Biomed Chromatogr. 2005
Jan;19(1):18-26., abstract
*Special categories of cited documents: X" document of  particular
"A" document defining the general state of the art which is not { relevance; the claimed invention

considered to be of particular relevance

"E" earlier document but published on or after the international
"% document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another citation
or other special reason {as spacified)

" document referring to an oral disclosure, use, exhibition or
other means

“P" document published prior to the international filing date but
later than the priority date claimed

T" later document published after the International tiling date or
priority date and not in conflict with the application but cited to
understand the principle or theory underlying the invention

cannot be considered novel or
cannot be considered o involve an
inventive step when the document is
taken alone

¥Y"  document  of  particular
relevance; the claimed invention
cannot be considered 1o involve an
inventive step when the document is
combined with one or more gther
such documents, such combination
being obvious 1o a person skilled in
the art

"&" document member of the same
patent family

7. NOTES

8. FORMALITIES

The present report consists of 1 sheet,

Copy of cited references on ___
sheets in copylies} are
attached

Date of the actual campleiién of the search:

Authorized officer {positicn held

Search Authority:
FIPS
30-1 Berezhkovskaya nab., Moscow G-58, GSP-3, 123895
Russian Federation
Tel: {+8 499} 240-60-15, Fax: {+8 495) 531-63-18;
e-mail: fips@rupto.ru

and signature):
State Expert on
Property N

intellectual
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BOIPOCEL AOBOALL, 3AMEYAHNY, HPEAROKERMH

PacesMOTpER MATEPHANR! ZAABKHM, BKCISPTUSA TIPHIIIA X 22KUOHEHWIO © HeoDXOmMMooTH
5aNPOCa AONOAHATSABHBIX CBEASHUY, NOCKONEKY MMEIOTCE NPCOATCTENA JNY BLIASCCHUA PLISHUA
10 333BKE,

3asuUTeh MPOCHT YOTAHOBHTE KOHBSHIECHHLIA NPHOPHTET cornacko nepecH sassxe 2014
Q17777 o7 31.01.2014, nonasnodl » NaTeHTHOS BEROMETEO TP,

K pacomoTpesio TpeilickKena nepsonavannan gopmyna usobperenns, cooTomman w3 17
TYHKTOB 4 cofepuainan & ofuerTos,

OfpamaeM BHAMARNKS HA HEPYIGEHMA B HACTH COCTARISHUA OpMYyNSL

Cornacno 1.24.4.(3) ARMUHACTPRTHBHOTO pergaMenta™ ™ ¥ verauasnupastod, HMESTOR
AW BOAMONKHOCTE FOHMMAHEA CUCHMANMCTOM U3 OCHORAHHH YDORHT TOXHWKH CMBICHOBOIO
COASPIKANMA TIPUIHAKA.

Ipuznax 1.3 ““KBGGFG-" ne ofecneuuBarOT BOSMOKHOCTE [HMMMAHNA, TOCKONEKY &
OAHOBYKESHHOM HANMCAHMH aMARORACIOTHOH HOCHEN0BATENBHOCTY IPUCYTCTRYET pycoxas Sykaa
AT

B cRszH ¢ 4oM SASEMTENL BIPABS CKOPPEKTHPORATL GOPMYNY © YUETOM YKA3aHHH
HapyieHsi,

DHCNSPTH3E  OTMEUEST, UTO OO0 VOTAHOSAGRO, 9T0 NPKHIHAK  OXBPAKTLPU3OBAH ¢
AapyIieHMes VOIOBMA, TipEBegensoroe B noanyukre {4} mymxra 108 ARMudHCYPRTMBROTO
DETHAMENTA, HO ZAABNTEHS OTKASLIBASTOS CKOppextuposats (opwmyny wusodpercuud, 3aiska

NPUIHACTCA GTOSBAHAOH.

© PREopMaRin i COCTRIRNS ACAONPOBIRORCTHA B0 dannKe MuKeT Gbirh noayReHE Re Yeredony § (499) 240 58 15;

o CREgenHE 0 COCTOSNHHR AEA00POHINOACTEA N0 JRABKAR PAIMEWRIOTCR By calive PULC no agpecy «www.iips.rus & paspese
«Hnguopraysorime peeypest | (TRPeTHIE pLecTphi

o Fipu HIMOHOIHE AAPLC RAR NEPENUCKN HO WRVKE IREBHTEIE 0033 COODUHTE 00 ITHM HOTHMORAHTIANR,

*[paaanncsnll gogers Poonuitenoll depepumny Hacre nersdpran oF 18 fewnlps 2066 r N 2333 & uIMCHLHHAMY H
BOTHERERRRMA,

*ATEGROMEHNE O NATENTHLIX ¥ HNMX BOLAMUAY 35 COBEHIBLHRE IOPRARYCCHN INAUMMBIY REACTHHMN, CRRIRBHDIY ¢ BATCHTON HR
FAGOPETONNS, NONE3HYN MOKER, HPOMEMRACHILI oUparey, ¢ FOCYHapCTReunet POrRCYPARNEN TORSPRAVC BAKD 1 3HAKS DBCRYMEBRIHSE,
& POCYARPETBLERON PUORETRRUNEN 1 TPESCCTARILHNER RORUCINTENLUATG HPABA HY RAUMCHOBANKES MECTR NOUCKORUINING TOBAPY, R
TRIONE ¢ FOCYSADCTREIINE perneTpamuell STEYMASHNS NERMOUHTERLHOTO MPABA HA PESYRLTET NUTCIREKTYRALNON NENTEMLHOCTH HIR
CHCASTRO WHASBREYANKIAHEN, 36T NULMEINTARLROTG RPADR, RPEAOCTABICHNR NG HUMHIDIOBRIIN TAHOT PEIYANTATR AR TAKOTH
cpeeTRA NO ASTOBOPY, NCPONGAN HCKMGCUMTEILNOTS APABA MR TuNGN POIYMLTRT RN TANGE CPELTRO fe3 AOTOBOPR, VIBEPILHHGE
nocTancrsenem Hpansreaneran Pocculioroll Gegepawns o 16,12.2008 N 941 ¢ nameneusams

FERARMMRUSTPRTHBUEHT  PECIAMENT NPEROSTRANCHSK @eaepansuofi  caywfoll 00 HUTSANEKTYRALNON  CofCTRONMOCTH
FRCY[APCTRENHON VATYEN (6 FOCYRRPUTBCHSOH PECSCTRAIBNE #1300PETelNs 3 BOUH S DI TLHTA 4 w3ofperenne, era Rybamars yraspuueny
apimeaton Mhuowouompsasntig Poccru or 25082818 voma N 315, mpernetpupossn 14.07.2816, perncrpasseunnit N 42843, ¢
RIMESUCBAMR,

RS TEnanIiA COCTRBACHNS, RORRNE W PRACCMOTPEHHS SONYMUITOB, RBIRIMKER SLUORANKCN WIS COBCPILCHNA IOPHAIIRCKY
IAMEBIE AeRCTRUH G CRYARPLTHENNGH perucTpasm wsudpereunil, i MY dopMal yTBepEAS R BpHRAI0M Munswouompazsurun Poctin
o7 25,05.2616 N 316, saperncrpuposasns L7246, persorpausesneit N 42800,

FERWAERLGOBRIE K AOKYMEITRM JARBKU BA BLIGRYY DRTCHTR 18 HIGHROTENNE YTROPNGICHDE B{IKA30M MMIDKOHOMpRISHTNS
Pacons 07 28.85.2048 N 316, yaperuerpuposnnst 1 LOT.2018, pernerpanmonnt N 42800
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Cornaco 1.10.4.1.5.03) AAMBHMOTPATHBHOTY porameuTa* ¥ *¥¥ ge cnenyer wanarars
3ABRACHME DYHKT GopMysiel M3oGpeTeRNS TAKNM 06PasOM, Y10 HpH 5TOM NPOMCKOINT 3AMEHA Wil
MCKMIOMOHNE APH3RAKoR n300peTeHns, ORAPAKTOPUIOEARHOTD B TOM YHKTE (OPMYSbI, KOTOPOMY
OH BOANMHEH,

Tlyaxt 16 3aBuenT OF 115 M BEIOYAST NIPHOHAK “n? papro 27 n “L? qBRgeTcs OXMHApHOM
ceazpie”. Hro samesser npusnaky 15, ras ‘o pasno 57 u “L? gpageTos OnMHAPHOH crITBIC”.

{lynxr 17 3a880uT o7 LI5S 1 BRRKCY4ST HPHIHAKY “nt passo 4, L2 asssercs ~-NH-{CH,CHy-
O}Fi:g—C}izCHrC{:O)* v pasmo 47, Yo samenmer upuznaws .15, rae oy PABHO 2, L* gengeres -
NH-{CHCH-On - CHCH-C(=0)- w n* pasio 27,

B ocmsad ¢ 46M 32FBMTSNE BRPARE CKOPPOKTHPOBETE QOPMYIY © YUYSTOM YHAIMHHBIY
Hapymernuil,

Cornacsto m10.8. 1301}  AnvusucrpatusHors  permamenta™ ¥ FH*RF  gvmer  dopuyiss
BKTOHAET ApH3HAKK M300peTeHns, B TOM HMONE DOADROS DOHATHE, OTPAXKAOLIGE HATHAYCHHE, C
KOTOPOTO HAYHHASTCS MANOUGHEE HOPMYIIBE,

Yipw srom B aesasmcnmbi: nal 1, 14 me yeasamo nasuauenwe “"Kowwiorata anrwresa o
SeKAPCTREHREIM CPEACTROM

B CBA3M ¢ YOM 3aSBMTSNL BIPABe CKOPpoRTHPOBaTR R 1, 14 © YUeTOM YKA33HHOTO
HAPYHISHRE,

Cornacso 110.8.1.4.(2) ARMHHRCEDATHBHOTO PergaMonTa® ™ ¥ ¥¥ genapucumptil FYHET
HOPMYNIBE M30DPETEHHY AGINKEH OTHOCHTECR TINBKO K oiHoMy riobperemiio,

Hezapponmple OyHKTe 23, 27 orwoesres (kakanifl) k AByM K300DETECHUSM, IOCKORLKY
COHSPIKAMAACA R HUX COROKYIHOOTE  TIPUIHAKOR {8 Y8CTHOOTH.  NPOTHBOOIYXOAEBOE
FEKAPCTRCHHOS CPeCTBO; MPOTHBOPAKOROS JICKAPCTESHHOE CPEASTRO] CIOcol JOHeHMA ONYXONY;
crocod NeucHUN paKa) BRIMOHUAST XAPAKTEPUOTURY n3oipeTenull, OTHOCMIIMNCE K COBOKYRHOCTH
CPECTE, KAMAGE U3 KOTOPHIX MMEeT cofeTmensoe Hadnavenne, 083 DEANMSALMM YHa3auHOM
COBOKYTHOCTEIO CpeAcTB o0UIeTo HazHaYenus.

B CREIN C “GM 3GABMTENS BPARE CKOppeKTHpoBat: T.OL 23, 27 ¢ yUSTOM YRA3AHHOTO
HAPYIIEHYA, HANPHMEP, HYTEM COZZAUMA HECKOMBKMR HEIARHCHMMBIN HYHKTOB H3 OCROES RKAWAOTO
w3 i 23, 27,

OTHOCHTEILRO HesasucnnMeix LI 1, 14, 23, 27 coofmaem cnanyioniee.

B cnywse YOTDAHSHHS HAPYUWICHHA B 4aCT¥ COCTABREHHT QOPMYIS QIR YKaSAHHBIX
TYHKTOB, OHK MOTYT G5ITH NPR3HAAS] COOTBETCTEYIONIEMY YOAOBHAM NATEHTOCTCOOHOTH.

CITHOCHTENEHG HOREBMCHMBDE TLIL. 22, 25, XapakTeprayioniux NeRapoTRCHHOS CPeRCTRG MR

HapMaLFTHECCRYIO KOMIOIHUH, coobiiaeM cleRyomee.
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Coraacuo 0. 24.5.1. {2) AnMBHACTPATEBHOIG peraaMenTa™**™** cnepyer ylenursca &
TOM, YTG B CAYHAE OCYINECTEReHUA HRoOPpeTeHns 1o MoBomMy B3 NYRKIOR $OpMYNst JeRCTENTENBHD
BOSMOKRE PEATHIAYNS YKAZAHHOTO 3aTBATSIIEM HATHAUCHNE.

FCAM O BOSMONHOCTH OCYRIECTBASHMA M300POTCHHSE ¥ DEANHBALMH UM YKaZ2aHHOIO
HETHAHSHMA MOTYT CRUACTERCTBORATD AUMUS SKOIOPUMEHTANLHES JAHHbIe, IPURSPILTeS HAYMe
8 onmcawiy mso0perenus TIPHMEPOR £00 OOVUISCTBIISHME © NPHBSASHMEM COOTBETCTRYIOCWIMX
DAHHGIX, 2 TAKKES YOTAHAB/UARACTCR, SRASIOTCH 1M NPURSHRRHBIC [PNRMEpR NOCTATOUHBIME, ¥Toln
BHIBOA O COMUOASHHNA YKA3aHHOre TpeBoRaHHS PARCTIPOCTPAHANCA Ha DAINRS uacTHsie dopms
PRAMMIALINN  TIPUIHAKE, OXBATHIBAOMEIS UOHATHEM, NDUBSIOHHBIM 3asBUTeNeM B opMyne
HROOpeTeHNUE.

B dopmyse usolpersuud poROBOS TOHATHE, OTPAKIMINGES HATHAYGHHMS, MOKeT Owith
YRATAHO KaK “HhapMalesTHYecka KOMIosHuNa” (Ann UneKapoeTEeryoe cpeacTen’) o3 yrazauua Ha
MexanuzyM rosfeiiorsur, Ouoaoruueckofl AKTUBHOCTH WAM DPeAHAYHAYSHHOCTH ONA [ICHSHMR
Karoro-nnbo sabofiesadug, B oToM oAyvac CASHYET NPOBEPHTE, UPUBSACHE 1Y B OUHOHHUN
H300peTeHMA  CRCHACHME O  BOYMOKHOCTH  MCGOTRIOBAHUA  3ASBASHHON  ROMIOIMUME AN
FPOHHAKTHKY, JMAPHOUTHME WHIK HedeHuA 3HAYNTIBHOTO KoawdecTsa Ooneirell pasiHuHMOro
FPHOMATOTEHERE BAK £€ AKTHBHOCTHI B OTHOINCHIIA DEVTTTHEIN MIICHEH,

Bomu cBeAcHS, NPUBSHCHABES § ONACAHAY R00PeTeHUA, CBUNSTEIRCTRYIOT, ¥TH YKasaHRas
KOMITO3MUMA, HANPHMEP, NpOABAXCT AKTUBHOCTL TOMBKC B OTHOLICHHH ONPERENCHMOIC BHA3
GIYLSKTOR, TO TaKMe CECHCHNA HOMHZN CHHMTATE AOCTATOWHBIMI 1% NOATBEIKICHNAR BOSMIMKHOCTY
DEANMBANKY  YKA3EHROre B Dopmysde u3oOperenis HasHIUCHMRA, OXBATHBASMOTO LIMPOKRM
HOHATHEM “HapManesTHHECcKas KOMIO3HIHS,

Cpeficnud, UpUBCASHEBIS B onucannn uso0pereHny, CBAASTENLCTEVION, WTO Bassiennas
KOMROSMIMA {1 SeKAPCTREHHOE CPEROTEO) TIPOARIAST AKTHBHOCTL TOAMKC B OTHOLHSHHM
OHPSACACHEOND BHAR HORCKTOB — RCUEHMA paxa (MpuMepst). 1.0 TAKHC CEOATHMA HONBIA CHUTHTS
HOCTATOMHEIME  AIH  NOSTREPAACHMA  RBOIMONHOOTH  peanusauns  ykasawporo B hopmyne
vioBperesys  HAHANCHNY,  OXBATHIBACMOFD  IHUPOKMM  ROHSTHEM  “dapMaueBTHUeCKas
wOMOO3HUHS” (MAK “RCKAPCTREHROES CPSIOTRO )

T.o. waobpererun no nn. 22, 25 HS COOTBETCTBYIOT YOIOBMIO I3TEHTOCMOCODHOCTH
“HpOMSIINNCHHAS TPUMCHUMOCTE, TOSKOARKY HE BOATBEDRISHA DEA/UISALNT HASHAYSHNA BO BoSH
WEPOTE sagBReHns nptasannit (i 24.5.1 (2) AMRERCTPATHBHOrO pernamenta® ey

DJaABATeRs BIpEBS YKAZATH HARHAMeHHS B 14, 22, 25 B BHAS “DapMIUCRTHMSCKAs
KOMIIOIHLIMS IS JICUSHHA paka” ¥ “NeKapcTEeHHOE CPRACTRO IS ASUCHNHS paka’’, COOTBRTCTREHHD.
{ips arom yueots, wroler wameneunsil n1.22 ne gybnuposan .23,

Hanpasmazem BaM B TIPWIOKEHNN OTHET o tovexe Ha 1 e | axa.
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RS A IMUHUMCTPATHEHBI  DETHAMENT vonodnenus Denepansuo#  cayxbolt o
HHTECKTYATLHOM CODCTBOHHOUTH, IATSHTAM ¥ TORAPHBLIM 3HAKAM FOCYAAPCTEEHHON QYHKLMA O
OpraMuzalMK fipUeMa 3aAB0K Ha uzofpeTenne B OHX PACCMOTPCHHS, SKONCPTHIS M BBEYY B
yoTamOoBAEHHOM nopsmxe naveutos Poocufickodl Denepaumyu ma  wiobpereHue  yrsepies
npukazom Mummorepersa o8parosanus 1 vayke Foccutickoll Gepepattan or 29 orrabps 2008 r N
327, saperacTpupoBanHeiy MEHHCTEpeTSOM 10CTHLMY Poccufickoll Penepanmy 20 despang 2009
r. N 13413 (Bronnetens HOPMaTHBHEX arToR GCRSPANLHBIY OpPrandl MONOCHHHIEHbHON BRACTY,

2009, N 21).

Feony sanpwielis B TPEXMecHuubif CPOK €0 NS HANDABJICHES 3A0POCA HE NPENACTIBUT
2ANPALMBALMBIE MATEPHANS] MK RS NOAACT XOA3TalCTRO © NPOANEHHA 3TOT0 opOKa, 2anska QyAeT
npuaHARS 0ro3saHNol., Cpok NPEICTABIICHHS JaNPOINEHHR MATEPHAN0E MOXeT B5ITh UPONISH, HO
He Bofee wes Ha JECATE MecHueB (ofuufl opox Rpotnesun He CORJICEN NPESBULAMD (eCams
secayes) (1. 6 ¢r. 1386 Kopexca®)

Tlpopnedns cpoka OTRETA HA 3BMPOC DHCMEPTHIR OCYURSCTBISETCA IPY YOROBME YIRISTH

COGTBBTCTB}’K‘FH{@';{ TIATEHTHOH HOHIIKHRL B YOTRHOBINCHHAOM NOPAHKS,

ﬂﬁﬂﬂﬂﬁ?i’i‘@ﬂ}s}{bw MITEPHANDL, MCOAAHHEC 3RABUTCACM, HE AO/OKHBI MIMCHNTE J84BKY Ha

wzoBperenne no oymectsy (1. 2 o, 1378 Kogexca®),

):iOU()J’iHMTQHbﬁbi% MATCPHAAbL] TPSACTARANIOTCH Ha OSHAKOMACHHE TPLTBUAM JHlaM B

COOTBETCTRUN ¢ 1. 2 ¢, 1394 Koaexca™ nocne nySIUKaUUY CBLICHHH O RBIAAYE NATEHTA,

napasti
FOCYHAPCTBERHDIH

o

]
IRCHASPT 11O
7H a;pl‘fﬂa}:a,m}mﬁ ven T. I. Gpnosa
ITENRACKTY A 81550 A5E7R4ESD2ER] 1500CCERFLTR4F ‘ n 4 eq
& OGP (VEREens Bnpgeney  Opnosa 8‘\499)‘-‘40"61”55
coBeTEERHOCTY Yraena ‘

Tavusivia NeTposta

OPTARNYSCKON XuMuYu ¥ - Cpox getioveus ¢ 10.10.2018 no 08.02.2027

oapmanestuxy DHUIIC

e

Wrymsos 10, 8(499)240-50-62
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Papmn Ne IR B33IM-2011
Popepainran cayuls No BETeANSKTYAEbHOH coBOTBEHBOCTH
@5)16;)&%1:}1(}% POLYAADCTECHEQE 6?0)1}{(6'!‘1{:‘)6 YAPOKACHHS
{% <<®e;15:panm&mﬁ BHCYHETYY ﬂp(}MhﬂHﬂm{HQﬁ COGOTBEHEOOTHY
il (DUIIC)

QTYHET O HOUCKE

LCHARHTROUKATRA 3AHABER _—

Perug BOHHBIM HOMEDR Aara nopads
2018123307 /044036880) 28.01.2018
L POT/IP2015/000355 28.01.2015

Hroam R G N

U1 rnosaus zansxs

{ 1 socrynnenns AOROANUTCARNED MATSPUHANGE O K paHes gofaunol tatske N
{1 NIRDHOPHTETS no fepeoNauanLnel satsxe Na M2 KOTOPOH AAHMAN 33

£ 1 nonnun DepROUANENEHOH zanaKn Ne 73 XOTOPOH AaHR

E J nopauu panee nogaxnoed s Ny

[X] noansun neppoi(end) 38ARKR{NK) B POCYIAPOTRS-YHACTHHRE [lapackol RouBSHuH
{31} Honep nepeoit(std) samxa{ox) {32) Jars nonagy nepsoi{end sanxa{ox) {33 Kon crpans

1, 2014-817777 31.01.2014 IP
2. 2014-168944 22.08.2014 IP
3. 2014-227886 10.11.2014 Ie

Hassawse waoGperenna {nonesnoi mogenu): [X] - xawsaseacso; [ 1 - yrousenuoe {om. Tpumeuanan)

AHTH-HER? KOHBIOVTAT AHTHTENA C HEKAPCTREHHBIM CPEQUTROM

Sammurens: AAMMTY CAHKHO KOMITAHY, THMUWTEL, 1P

2, BAMHOTHO WIOBPETRHKA
§ X1 comonens { 71 se cobmoaenc. [loscrenus: om. pumMesans

GOPMY/IA HIGEPETEHIIN:
EX} ﬂpﬁﬂﬂ”{‘b] B REUMMEBRAC BCE ﬂyHKTE\E

{em. Hpusewanun)
{ ] npuusars 80 BHEMAMBE CHCHYIOLINE HYHKT

{ 1 npwests 80 sEMMARES A3MOHCHRAZ Gupuyan ssoliperanny (e, Flonmeanss)
4 KNACCHGHKAIRA OFLEXTA HIGEPETEHNA (HOJRMOR MO;{EJEH} {Vxazniparores uraskon MIIK »
WUHAMRATOP TEKYIUEH BEPCHN)

ASIK 31/4745 (2006.01}
AGTH 39/395 (2006.01)
AGIF 35/60 (2006.01)

5. OBAACTE HOHCKA
5.1 Npopepeuami musunym soxymettauns POT (yiesseason uniexcary MITK)
AGIK 31/4745
ASIE 39/395
AGIP 35/00
5.2 Jpyras 6posepeHHaR AOKYMEUTaHs & tofl Mepe, & xakcH OHA SKAICUEHE B NDECKABHIC UDASOPKH!
5.3 Dretpotinie Gathi MNHEK, HONOAIOBIHEME DY rovoke (Hassanue §aznl, ¥ SO, BOIMUNHS, DOHCKOBLIS

TELMBHRT
£YWPT, Espacenet, Google, Fatfsarch, PubMed, RUPTO, USPTO, Yandex
& T HOKYMENTH, OTHOCHIHECH K NPEIMETY HOHCKA

Kare- } HaumMeuoauuue JORYMEHTa © YRarsHuem {nae 5eedXoanmn) | Oruocwres x

foan, i afopoms}
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£ ua¥ OTHOCHIMUNCH K DPEAMITY NOHOKR U)’H Y

i 2

A US 200301712682 Al (DAICHI PHARMACEUTICAL CG., LTD {-27
TED 11‘09.4003, pedepar, [0002], [0042), vebauua 1, nysxra 1-26
- hopry sl maobpereuns

A BAROK M., et al, Trastuzuwmab-DMI is highly effective in 127
preclinical models of HERZ-positive gastric cancer.Cancer Lett, 2011
Jal 2&306(20171-9. doi: 10.1016/.canlet,2011.03.002. Epub 2011
Apr 1., pedepar

A WENTE MN., et al, DE-310, a macromolecular prodmug of the 1-27
topoisomerase-l-inhibitor exatecan (DX-8251), in patients with
operable solid turnors fnvest New Dwugs., 2005 Aug23(4):339-47,,
pedepar

A OGUMA T., et al, Validation study of a method for assaying DE-316, 1-27

s macromolecular oarrier cobjugate  confaining  an  andi-fumor

camptothecin derivative, and the free drug in turnor tissue by high |
performance liquid chromatography/atmospheric pressure chemical
ionjzation tandem mass spectrometry Biomed Chromatogr. 2008 |
Janmg19(11:19-26,, pedepar

*Qoobeie KATCTOREM CORIAGIHBIX DOKYMEHTOR!

WAR BOKYMQHT, CNDCACHEIIMN oBumi YROBOHE TOXHMKH W HO WX ACRYMERT

A DYSRERRENYE APYTOTD CORAGHHOT AQKYMEHTR,
ADYTHY GRASK (XK YKA3aHO)
-« HORYMEHRT, oTHOCHINRTSH X Y

GODOUALMHE 3ANBEY, HO APUBII

OTHOHEHRE K

CHRTAIGIRACH 0C0DG PCACBE

«E» Songe pai THBR 20K VY MERT, OBAHERHE Ha A2TY FASBACHROS MG
MEWIYHAY DOHOW DORRAYN HITH TOCHE Hee HoRranof ."(‘il}?i e {

«L SKYMEHT, HGABCDT CREOLERH COMBEHMIG Tpu T?H&'{VNVK Hi YROBHEM 2 CPABHOHUM C AOKYMOHTOM,
TPRRGPRUTRT, HAH KO IOPMﬁ MEHBOAWTCH € USARI0 YOTEREBACHMS BIATEIM B OTACHEROETH

4 TRKES B «Y» FEORYMENT, #Me¥OLit

”,.

THOMY PACKPRITHIO, 33ARICHHOS ‘Z/UL»O.,;

HENOALIORARIIC, PCHORHEPCRBHAIG M T4 SHRCKHM  YDOBHSM,  ¥OUEE
«Prn ZoRYMENT, onySMKOBAEHEE S0 HITW MEKEYHAPOAHOR NORAvH, JORYMERT B3#T B COUSTAHRE © ORHRM
HO NOCHS ARTH HOIIPRLEIMBESMOIG BPHGPATOTR SE HECKOREKMME AOKyMoHTany Toll we
«T» Bonce nosansi  aokyMent, onybomeozanssl  A00Ae AaTH KATETOPIY, TRKER ROMEHHALISL

ME {I(Yh'ﬁpa’},i{i%()i"i FHERER Hau ;ar:‘: npuopUTETa B oHe FOKYMOHTOR GUCEHARD H8 CRCAHARHeTA
CHHBHE N7 TOHAMARKS RpHHLHN « & JOKYMOHTY, SRAGOIERTACE  IATOHTOM-

OTHOLICHHE K DPCAMSTY  DOUOKS;
HWE HE (s(ma,m,.

uanbonee fnuwakoe

W TEODHH, HA ROTOUMN OCHORLIBAETON m"-i) YETEHHE ARRAOFOM
7. DPHMEGARUNE:
8 VIOUTOREPEHMEOTYETA o
Haomosmull 0TIET COOTONT H3 1 0, Ko rrnery UpuinnReRst KOUUE SCHUIoN
HE B OGK3

Bepoxionoxas uaf., 30, xopn. §, Mocxas, -39, FCH-3, 125983
Teasdon (8-439) 240- 68- 13, Daxe (8-498) 531~ 63- 18

Tara RecTRHTSNLEOTO anepenas foneke: (8. 10,2018 ; CHUCTS ¥ BOADHSH YDORBOMDMEREDTO
B M
floncxonnil oprau:  BID o MC. Wrymsos LI,

HBHIIC

e-miail: ips@ruptsan
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The discovery and development of brentuximab
vedotin for use in relapsed Hodgkin lymphoma and
systemic anaplastic large cell lymphoma

Peter D Senter & Eric L Sievers

Progress has been made recently in developing antibody-drug
conjugates (ADCs) that can selectively deliver cancer drugs to
tumor cells. In principle, the idea is simple: by attaching drugs
to tumor-seeking antibodies, target cells will be killed and
nontarget cells will be spared. In practice, many parameters
needed to be addressed to develop safe and effective ADCs,
including the expression profiles of tumor versus normal
tissues, the potency of the drug, the linker attaching the

drug and placement of the drug on the antibody, and the
pharmacokinetic and stability profiles of the resulting ADC.

All these issues had been taken into account in developing
brentuximab vedotin (Adcetris}, an ADC that recently received
accelerated approval by the US Food and Drug Administration
for the treatment of relapsed Hodgkin lymphoma and systemic
anaplastic large cell lymphoma (ALCL). Research is under

way to extend the applications of brentuximab vedotin and to
advance the field by developing other ADCs with new linker and
conjugation strategies.

The concept of targeting cancer cells with ADCs has roots that can be
traced back roore than a century, when the German immunsiogist Paul
Bhrlich (Fig. 1) proposed that if toxic molecules could be selecrively
ase-causing cells, it would be possible to develop thera-

delivered fu dise
peutic readalitics with specificities that were otherwise unatiainable!,
For treating cancer, this would require o tarpeting agent that selectively
binds to turnor cell surface antigens, coupled with a cytotaxic drag that
could kill the cells onee delivered. Antibodies that have been selectad
to distinguish between tumer and non-tumaor cells are ideally suited for
this purpose because th
minimally immusogenic and may cirenlate in the body for extended
periods of tirne. The adaptation of antibodies to Ehslichs vision is s
in Figure 2, which shows how ADs can elici

v are readity available, biologically compatible,

matically represer

sis?7 4 or entraceiluk
y dded
riotherspeutic damage.

Whereas early ADC research was undertaken with available targeting
resgents such as polyvclonal antivodies to human tumaor an ;

Target celis are killed if sufficient
v sparing normal tasues frony che-

drug s se

. Washington, US

atile Genet .
senter@seagan.com).

addressed to

NATURE BIQTECHMNOLOGY VOLUML 30

NUMEBER 7 JUILY 20812

not until the development of monodenal antibody (ruAb) technsiogy by
Kohler and Milstein {Fig. 1} in 1975 {ref. 7} that tursor targeting became
technologically feasible. 3o afterward, several pharmace
bistech companies actively developed AT prograwms for freafing can-
cen, with an emphasis on proof-of-principle experiment:
tinnal anticancer diugs targeted 1o twmor types for which the drugs had
been atready approved. Unfortunately, advanced agents from this work,
such as ¥51/4-desacerybvinblastine hydeanide® (BH Lilly; Indianapolis)
in patierts with meiastatic adenocarcinomas, and BES6~doxarubicin
{Adriaraycin}? (Bristol-Myers Squibhy Mew York) in patients with mete-
static breast cancer proved to be choically unsuccessful, Shortcomings
became evident, steraraing from conjugste inmunopenicity, low drug
potensy, antigen expression o normal tissues and instability of the link-
ers that joined the drugs to the mabs.

Attention then turped ts A1Cs that contained highly potent cytotexic
driags were likely to be too toxic for use in an untargeted setting.

cal and

using conven -

intratarnoral macrorelecalar

The reasoning was that the limitations ¢
aptakel? conld be overcome if very few drug molecules were required

HES-

o kill the target cell. Higher drug potency necessitated both ¢
ing target antigens judicicnsly as well as addressing the immunogenic
praperties of the mab carrier to avoid high ADC and immune comn-
phex concenirations in porrmal tissues, With these parameters in maind,
gemtuzumab ozogamicin {Mylotarg) was developed by Wyeth {now
part of Plizer, New York) and Calltech {now part of UCH, Brussels} for
the treatment of acute myeloid leukeria {AMLY The drug consisted
of an anti-i]
highly poten

ihat led to accel

133 mAb conjugated with a derivative of calicheamian, 2
encdiyne antibiotic. Despite encouraging slivical resulis
erated approval of gemtuzumab crogamicin in 2000, a

subsequent phase 3 confivmatory trial raised new concerns ahont the
product’s safery and failure to demaonstrate clinical benefit 21 in 2016,
Ffi y withdrew the drug from the US market. Subseguent
findings in three additional randomized trials comparing standard
induction chemotherapy with and without gemtuznmal ozogamicin
in newly diagnosed AML pat wirast to the phase 3 con-
firmatory stady and suggested cdinical benefltamong certain patlents—
those whose AML was characterized by either ‘good’ or ‘intermediate’
risk cytopenetics!® 18 The kmpact that the different phase 3 trials might
have on the future development of gemtnzimab ozogamicin as a drug
for global regulatory bodies to determine.

Several lessons can be taken from the gerniuzarnab ozogarnicin devel-
hearmicin is hydrephobic, and only & few dugs
ugated before high levels of aggregated shtairsd
Consequently, the manufacturisg process used ai the thme geratuzurnab

5
1 VISIUn

ts stood o

renal

epraen program. Cali

cotetin ar
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Figure 1 Some of the key piayers that heiped advance ADT technalagy. Faul
Ehrlich proposed the concept of ‘'magic bullets’ in the sardy 1900s (top |
César Milstein and George Kahier described how mAps with exguisite
i i1 be produced {top right). George Pattit extracled highiy

b as the indian
entually led us to

b vadotin.

orogamicin was developed viclded 50% unconjugated mAb in the final
drag product’™® The linker between calicheamicin and the mAb
released 50% of bound drug iv 48 b%. Finally, the drug componeni was
derived from a seil microorganism, which resiricted the ability to design

new forras 1o circuravent these lmitations.
Here we describe how each of these issues wa ressed in the design
and development of brentuximab vedotin, a clinically effective ADC for

the treatment of Hodgkin iyraphoma and systermic ALCL.

Selecting the right drug-linker

n developing the ADC platform technology described here, we took
alesson from the Indian Geean sea hare, Dolabels auricuioria (Fig. 1),
which has been known for more than 2,000 years o harbor highly
toxic exiractable substances to protect itself from being eaten. George
Pettit {Fig. 1) and co-workers characterized several toxic components
from the sea hare that exhibited activities against canaer cefl lines and
eiucidated ihe structure and mechanism slastatin 10 (Fig. 33, one
of the most potent antimitotic agents ever described?®. Several related
maolecules have been produced through total synthesis®!, establishing
that the drug class, now known as the auristatins, could be prepared in
large quantities. Like the vinca alkalotds, the auristating exert antic
cer activity by inhibiting tubulin polymerization. A phase 2 dinical
h dolastatin 16 in patients with advanced breast cancer con-
firmed the drug’s high toxicity??. Although minimal clinical benefit
was obtained at the optimal dose of 0.4 mg m ™%, this did not diminish

trial wit

our interest in the class because we established combinatorial routes
as that aliowed us to fully
stability

to the synthesis of thousands of auris
explore inker techunlogies, and the effects of hydrophilici
and potency on ADRC activity. This work led 6 monorn y
E(MMAF; Fig. 3}, a synthetic analog of dolastatin 10 that had |

cai conditions,

v,

potency, water solubility and stability under physiologi

together with 3 buili-in funciionality for stable linker attachroent.

These were qualities in the cytotoxic component of the ADC that we
deemed to be highly important for optimal activity™?.,

We considered several Jioker technclogies, including acid-labile
hydrazones such as those present on gemtuzamab czogamicin and
BHS--doxorublcin, and disulfides that had been used for mayisnsinoid-
containing ADCs? After exploring possibilities aleng these lines, our
attention was drawn to protease-cleavable linkers becanse protease
activity is abundant in lyscsomes, where ADCs cornmonly traffic, and
is almaost absent outside cells becanse of madulation by secrered pro-
tease inhibitors®. We could readily atiach MMAE to suitable peptides
through the N-terminal amine via a self-immolative spacer, p-amino-
benzylonycarboxyl {PABC). The purpose of the spacer is to situate the
cleavable peptide away from the drug to allow facile proteolysis. Upon
peptide cleavage, the PABC gronp rapidly fragments, leading to the
reiease of MMAE io chemically numodified form. The dipeptide we
selected from among many was valine-citrulitne {Val-Cit), which is sta-
ble in the plasma but is very rapidiy hydrolyzed by lysosomal enzy
guch as cathepsin B2, We used a maleimide functionality 1o
the spacer to m Ab cysteine residues. In the mouse, the in vive half-life
of the linker we used to bind the drug to the mAb was in the range of 2
week?®, which w raajor advancement over many of the previously
reported tachuoologies for genera

ADCs. The structure of the result-
ing mADL-Val-CH-PABC-MMAE ts shown in Figure 3,

Establishing appropriate conjugation technology
The number of molecules of the drug and where they reside ou the
mAD carrier can impact ADC pharmacokinetics, tumor exposure and
stability in the circulation? *. Because of this, we and others bave
focused considerable attention on conjugation technology, which has
vesuwlted in a variety of methoeds that provide different drug configu-
vations and different degrees of product heterogeneity (Fig. 43 The
greatest number of species is obtained when drugs are linked theough
mAb lysine residues, which was the case with gemiuzarnab ozogarmi-
cin!” and the breast cancer drug trastuzumab emiansine (T-DM;
Herceptin conjugated to a dertvative of maytansine; Genentech, South,
San Francisco, (C4, USAY?? This is due to 3 smeall oumber of drugs, on
average four, distributed among the large number of iysines scatiered
threughout the antibody structure. In contrast, less heterogeneity is
23

obtained by either reacting all 1 interchain cysteines with the drug

Recepiori
L andocyto
e

TR
Lysosome:

ted by ADTs
a mAR s interna
which can

ha mAD

15 of drisg deli

face anligens, 2 dr
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or using recombiuant techeologies that define particular cysteines for
conjugation?S 03 Between these extremes lies partial substitntion of
interchain disuifides, the methad we eventuaily adepted.

1Gs contain reducible disulfide bonds that covalently Hnk the heavy
and light chains together. Iuitially, our group?? produced highly uni-
form AI}Cs with sight drugs per antibody molecule, using all avail-
able cysteine residues genevated upon mAb reduction. The resulting
AL s rerpained intact in the absence of the disulfides, consistent with
previcus reports that mabs devaid of any interchain disulfide bonds
are fuily active®. Because the deugs were distal to the antigen-binding
sites, antigen binding was not affected. However, subsequent studies
demanstrated that such heavily loaded antibodies were rg
from the circulation, most likely due to differences in overall ADC
hydrophobicity, and had reduced thevapeutic windows corpared with
sirnilarly prepared conjugates having an average of four auristat
per antibody?’. Beproducible techuologies were therefore established
to generate ADCs with an average of four drugs per mAb, and avalyti-
cal methodologies, including Hquid chromatography—mass specirom -
etry and hydrophobic interaction chromatography were developed to
characterize the products present in the conjugation rmixure™ ¥ The
resulting ATH s contained prirmarily two, four and six molecules of drug
per mab, with four drags per mAb being predominant, Small amounts
of ADCs with ¢ and 8 drigs per mAb (8% cach) were also obtainad.
All of the conjugated drags resided among the heavy-heavy chain and
heavy-light chain reduced disulfides. Nombly, the use of partial reduc-
tion conjugation technology to geserate fonr-loaded auristatin ADCs
was applicable to nearly alf IgGs tested and could be performed at scales
ranging frora xnicrograms to kilograms®®, The yields were in the range
of 959, binding affinity was preserved and purified ADCs with minirnal
{<2%) aggregation levels wers obiatned in less than a day.

5

The target is critical
In cheosing an appropriate antigen for the application of auristatin-
based ADCs, we selected targets that were highly expressed on fumor
cedls, with minimal expression on normal tissues. This was motivated by
the extreme potency (10100 pM} of four MMAE-containing ADCsY
and information obtained from previous clinical trials with agents such
as BRYs-doxorubicin® and anti-{CI44va- DM (ref. 35), where target-
related duse-fimiting toxicities bad been observed. Thus, although sev-
eral target antigens have been successfully used in prediinical ADCs
that contain peptide-linked auristatins® ™, we
focused ox those that provided the highest lev-
eis of tursor selectivity.

CD3¢ s au ideal target for selective drug
delivery. The antigexn is highly expressed in
Haodghin lvmphorea, ALCL, cataneous T-celi
lymphoma and other selected iympho

&

Difsuiiide
N e

tumors, as well as in some nonlymphoid
malignancies inciunding germ cell cancers®®,

Cross-reaciivity of CD30 on normal tissues is
very Jow, with some expression on activated,
bt not resting, T and B cells. CO3 isa tumor
necrosts factor receptor (TNFR) superfame-
ily member, which stimulstes apoptosis®
via TNFR-associated factor 2 degradation®®.
Becanse of {ts expression profile and i

5 roie {average)
in the regulation of cell survival, considerable
interest has suvrounded 1330 as a target both
for anti-CD30 mAbs and for ADCs.

in lyrophoma and systemic ALCL
represent substantial unmet medical needs.

Figure 4 Do
graups {a)!
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MAD Va-CiS-FABC - MMAE
s

Figure 3 Structures of highiy potent antirniiotic drugs. Dolastatin 10

was isclated from 0. suricufaria, wheress MMAE was derived from tota!
om the mADb conjugate by proteciysis of the
oy elimination of the FARC greup.

Although front-line Hodghkin lymphoma therapy with ABVD (doxo-
rubicin {Adriarnycin), bleomnyoin {Blenoxane), vinblastine and dacar-
bazine {OTICY) and BEACOFPP (bleomycin, etoposide (Vepesid),
doxorubicin (Adriamycing, cyclophosphamide (Cytoxan), vincristine
{Oncovin}, procathbazine (Matulane) and predanisone} results in high
remission rates, up to 20% of the patients arve refractory and advanced-
stage patieats often relapse™. CHOP (cyclophosphamide, doxorubi-
cin, vincristine and preduisone} therapy is used in froni-hue systernic
ALCL treatment, but in ~40-65% of patients, the disease recuxs®®, We
envisioned that targeted drug delivery through the CD30 antigen on
Hodgkin iyruphoma and systernic ALCL could be a novel approach to
the treatrment of these malignancies.

Clinical trials have been reported for unconjugated anti-CD30 mAbs,
MDX-860, a fully human maAb, has been iested in a phase 1/2 trial in
patients with Hodghin lyrophome, ALCL and cutaneous T-cell lym-
phomat!. The unconjugated antibody was well tolerated and provided
sarae evidence of clinical activity, with overall response rates {ORRs) that
included complete and partial responses of 6% 1n Hodgkin lymphoma
{4 of 63 patients} and 29% in ALCL (2 of 7 patients, both complete
responses). Similar results were obtained with SGM-30, 2 chimeric mah
also known as cAC L0 (ref. 37}, Patlents with Hodgkin lymphoma and
ALCL were given high doses (6 or 12 myg kg ') SGN-30 weekly in 2
phase 2 clinical txial®?, There were no objective responses in Hodgkin
ymphoma patiests, although 29% of these patients experienced stable

mAb Cys: B drugs/mAb Oys: 4 drugs/mab Oys: 2 drugsimAk
{average} {unifarm} {unitorm) funiforn)
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Figure § Some impaortant milestones that
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£ y &l ac jcal work with breatuximat
gust 2011, ASH, American Sociaty 4 te
, New Engiznd journal of Madicine; ODAC, Cnoology Drugs Bdvisory

disease while on drug. Among ALCL patients, 5% {2 of 41 patients)
achieved complete responsas 12% (5 of 41 paiicents) bad partial

s. The response rate ina phase 1 Hodpkin lymphoroea trial with
an anti-CO36-ricin A chain conjagate was also quite modest®®. Thus,
although these apents were not promising enough fo warrant chiuical
development, the data obtained, together with the antigen expression
profile, supported developruent of an optimized and highly potent anti-
150 ADC for the treatment of £1330-posiive malignancies,

Development of brentisdmab vedotin
We applicd the techuology described using the bighly potert auristatin

ivative MMAY, a protease-cleavable dipeptide Hoker, and a reproduc-

and ro ADCs o the cACIT mAb
(chimeric 1261}, the wane antibody that hiad been used inan unconju-
gated forim in the Hedgldn lymphorea/ ALCKL phase 2 clinical riaf just
described. cACES-Val-Cit- PABC-MMAE, now kaown as brestuximab
vedotin, comprising on aver:

method for generating active

e four ranlecules of MMAGE attached to
: 1 et Y ror

ues ihrough the protease-cleavable Val-

ez, The timeline for the development of this molecule

itive components 1o accelerated approval on 18 August

instrated in Figure 5.

Typical preparations

aln cysieine r

fhrentaximab ve n contained less than 2%

apgregaied protein and bound to CD30 with unaliered affinity (3 aMi)
compared with the nonconfugated antibody?”*, The conjugate was
highly potent against CD30Y Hodgkin lymphoms and AL
cells in vitro, with half-maximal inhib
of 3-50 pM (6.5
non-4 1
of the ADHC
In vive th

PRt T

entration (1) valnes

-8 az mi7’ ) The effects were antigen-selective because

apy studies in immunadefi
gie-dose brearuximals vedotin regressed and cured established human
i= O

v 3 N
Hodghin bruphoma' and
kg L with a maxinmum tol
the therapeutic window wa

sted dose (MTD) of ~ 160 mg kg™
s pronounced?’. Also favorable was the half-

1ife of brennuximab vedotin, which wa
fior the unconjugated antibody?’. Finally, the ADC could be combi
with chemotherapeutic agents used in treating Hodgkin lvmphom
These studies provided the rationale for putiing brestuximab vedotin
irtie the clinic,

A phase 1 dose-o
in 2006 in patients with CD307 m3 fment was
three weeks at doses vauging from 0.1 mg kg™ 1 3.6 mg k™! deliv-
ered intravencusly. The trial was designed 1o determine the MTD of
the drug, with secondary objectives that inciuded characteriz
pharmacokinetics and antitumor activities, At 1.8 sog kg™ ! every three

itinted
ery

b

plete responses (4 of 12 patients) and pactial responses (20§12 p
The (38 % {coreplets and partial responses) among all 45 patients in the
teial was 38%, which included a 24% complete-response rate. During
the study, low titers of antitherapentic antibody were found in two of
40 patients tested. A second phase 1 toal of brentuximsb vedotin was
carried ont o test its effects when administered weekiy®. The dosing
ratge was 0.4~ 1.4 mgkp?, the MTD was 1.2 mp kgt and the ORR was
S9%, with 34% coraplete responses. The most common adverse events
in both trials were peripi

eral sensory newrgpathy, neutropenia, fatigue,

Thes.

DR Bl

Focouraging data from the phase
for pai spect]
patients with
ALCT, resp
independes
patisrgs were

1 trials served as a foundation
ngle-arm pivotal phase 2 trials that ensolled

refapsed or refractory Hodpidn lymphoma or systemic
v. The primary endpuint of both

als w

ORR by
radiograp e Hao yruphoma trial,

ragquired to have had lymphoma that was progressive of
recurrent after prior sutslogous stem cell transplant™®. Tem duc-
tiens were chserved in 94% of the 102 envolied Hodgkin tymphoma
patients {Fig, ¢} and the ORR was 75%. Complete re
in 34% of pationts; the wed
nths at the time of publicatios

revie

DGIISRE Wera

achieve 1 duration of these

ponses wat
5w ot
. Similarly, arpong 58 patients

AT

ALCL, the ORR was 86%, and

th relapsed or refractory systemic
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57% of the patients experienced complete W00y
responses with a median duration of 13.2 5
nonths¥. The most common adverse events %
in these patred pivotal trials were peripheral g
sensory neuropathy, nauses, fatigne, neatrope- ’; -
nia and diarches. Jo Augast 2011, the US Food 2
and Drag Administration (FDA; Rockville, 2
MD, UBA) granted accelerated approval for .}:%
the use of brentuximab vedotin in relapsed >
Hodgkin lymphoma and relapsed systeruic &
ALCL. Brentuximab vedotin is the only ADC %
currently approved for use, and if is the first 5
approved drag for freating Hodglin iym- £
phoma in 30 years =

~106
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Prospects for the futuse

The power of ADC techuology is evident by
comnparing the clinical activities of advanced
conjugates with those of unconjugated
antibodies that bind the sarae antigens. A

fents {r
in the pivet
IRF, Independent

Figure & Maximum percentage ra
= 9383 per Cheson ef 3/,
tal phase 1} Hadgkin ivmphos

individual patients {n = 88}

A in the sum of the product of tumor dismeters in individuat
o size reductions were chserved in 88 (ﬂ Y of 10? p<
linical trizl*®. Reprinted with permission from ref, 4

e

pha trial with wnconjugated
¢ACTO provided 2% ORR in Hoedgkin yme-

phoma and 17% ORR i ALCL 4‘, in stark contrast to the resnits
obtained with brentuximab vedotin: @ 75% ORR for Hodgkin lym-
phoma® and 86% ORR in ALCLY, Conscquently, several studies are
ongoeing with brentuximab vedotin and other anvistatin-basesd ADCs.
A randornized, placebo-controlled phase 3 trial (the AETHERA
teial} ix under way in Hodgkin lymphoma patients
progression after 1ui'.oiogous siem cell tmnw]auf Phase 2 trialq are
ongoing v patients with {13307 B- and T-zell lymphoraa and non-
lymphomatons malignancies. Phase 1 trials have also been iniated
o explore the activities of brentuximah vedotin in combination with
chemotherapy for the ireatment of front line Hodgkin lymphoma
and CT¥307 mature T-cell iymphomss. We and anr collaborators are
exploring the appiicability of the AX3 technology for other antigen
“hese inchude a

targets in more than 15 active chinical txdais.
trial of COX-011 (anti-gycoprotein nonmetastatic melanoma pro-
tein B mAb-Val-Cit-MMAE ADC) for the treatment of breast can-
cer and melanoma®® and phase 1 trials in many other hermatologic
malignancies and solid tamors. T the next two
that 2 iremendous arsount of new data will be ava
auristatin technology applies to other cancer indicatinus and
antigen targets.

w data will also be emerging for other ADCs 10 advanced clini-
41 developmeni, These inciude T-DM1, an ADC comprising the
12 mab trastuzamab conjuagated with an antimitotic may-
tansinoid anticancer drug for the treatment ot HER2-positive breast
cancer®™. Trastuzumsb is typically used in combination «
therapy but has single-agent activity ranging from 15% 10 26%
T-I3MU i ot only maore active with ()z\}m of 25--64%, but offers an
1npxov»d safety profile cox 1p;rgd with traditional chemotherapy
“56, ‘fhe drug i currently in two ran-

}ris EMILEA trial is investigating
the lapatinib and capeciiabine combination in
patients whe failed prior irastuzumab-based therapies for metastatic
breast cancer, The MARIANNE trial is 3 randomized study compar-
ing the effects of single-agent T-DM L, T-IIMI plus pertuzumab and
frastuzumab drag combinations in front-line therapy for advanced

phase 2

years, we expect

bie on how the
sther

anti- b
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T-DM I activity agains:
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at high risk of

of acuge lympboaytic leukersda {ALLY) As with gemtuzumab o
gamicin, the cytvtoxic component kilks cells by binding o the minor
groove of DNA and inducing doable- strand breaks. In phase 142 clini-
cal triaks, the anti-CD22 reAb epratuzamab gave 18% ORE in indolent
non-Hedgkin lymphonta®®. A recently reported phase 2 clinical trial of
inotuzumab ozogamicin in patisuts with relapsed ALL demonsteated a
57% QRR, with 1&% {& of 49 patients) having comple ranses. This
highly poteny AL {phase 2 dose 1.8 rag my™*) has promising indica-
tions for the treatment of refractory and relapsed ALL.

Whereas much of the fucus un ALFCs ts on bow they perform clind-
cally; the field is rapidly advancing and expan d ing owing to subs
tial techinciogical advancersents in conjagate design and cornposition.
Beyond the annstatin, mayiansinoid and calicheamicin drug compo-
nents described here, new bighly pnt"nr drugs for ADMCs
with distinct mechanisms a,f activity. These include duocarmysins®
and pyr alkyiate DINA after
binding to the minor groove, the ENA polymerase inhibitor amanitin®?
and many others.

Ak

s are L'WCT"}UV

pine dimers®, toth of which

penzediag

Great strides have 3 gation technoloegy. As
aoted above, lysine and native mAb cysteine modification lead 1o
multiple ALMD species that differ in polency and pharmacokinetics.

also been made in couj

Site-gpecific datroduction of cysteine residues into the ;U;ti'nody struc-
tuie has been us d to mai\e highly uniform ADCs that not only have
pronouncedac Lt n‘iya}m pmvuie]c"f'ix( {stability beyond
what can be achieved novmaliy™®. Research
these findings and to extend ‘:Z‘}em by iruroducing unnatural or rmodi-
od aming acids into antibody structares for the purposes of specific
drag attachment® 93, Mew scaffolds for drug delivery that differ from
mAbs in substantial ways arve also vnder investigation, and st
with there should provids insights into the e
ibution on therapeutic efficacy®l,

the spproval of brestuximab vedotin represents not only an
advancement for the treatment of relapsed Hodgkin lymphoma and
systernic ALCL but also a msior milestone for ADCs as a whole, This
biclogic drug evolved over raany vears, as insights had been made
tato the siructure-aciivity relationshis of the auristatins, new linker
technoiogies and conjugation protocols were developed, and the merits
of targeting the CD¥30 antigen became apparent. The rolz of ADCs in
chemotherapy of cancer is likely to grow in the near future, 83 existing

s under way to exploit

e, clearance

635
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ter | Published: 22 danuary 2012
Conjugation site modulates the in vivo stability

and therapeutic activity of antibody-drug
conjugates

Ben-Quan Shen, Keyang Xu [...] Jagath R Junutula
Nature Biotechnology 30, 184-189 {2012) | Download Citation

The reactive thiol in cysteine is used for coupling maleimide linkers in the generation

of antibody conjugates. To assess the impact of the conjugation site, we engineered
cysteines into a therapeutic HER2 /neu antibody at three sites differing in solvent
accessibility and local charge. The highly solvent-accessible site rapidly lost
conjugated thiol-reactive linkers in plasma owing to maleimide exchange with
reactive thiols in albumin, free cysteine or glutathione. In contrast, a partially
accessible site with a positively charged environment promoted hydrolysis of the
succinimide ring in the linker, thereby preventing this exchange reaction. The site

with partial solvent-accessibility and neutral charge displayed both properties. In a

mouse mammary tumor model, the stability and therapeutic activity of the antibody

conjugate were affected positively by succinimide ring hydrolysis and negatively by
maleimide exchange with thiol-reactive constituents in plasma. Thus, the chemical
and structural dynamics of the conjugation site can influence antibody conjugate

performance by modulating the stability of the antibody-linker interface.
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Systematic Research of Peptide Spacers Controlling Drug Release from
Macromolecular Prodrug System, Carboxymethyldextran
Polyalcohol—Peptide—Drug Conjugates

Yoshinobu Shiose,**¥ Hiroshi Kugaf Hitoshi Ohki,* Masahiro Tkeda,® Fumiyoshi Yamashita," and Mitsuru Hashida"

Biological Research Laboratories 1V and Medicinal Chemistry Research Laboratories 11, Daiichi Sankyo Co. Ltd., Kasai R&D
Center, Kita-Kasai 1-16-13, Edogawa-Ku, Tokyo 134-8630, Japan and Department of Drug Delivery Research, Graduate School
of Pharmaceutical Sciences, Kyoto University, Kyoto 606-8501, Japan. Received June 13, 2008; Revised Manuscript Received
October 9, 2008

The primary purpose of this study was to comprehensively delineate specificity of the peptide spacer sequence to
tumor-expressed proteases for the design of macromolecular carrier—peptide spacer—drug conjugate system. 225
conjugates of carboxymethyldextran polyalcohol (CM-Dex-PA) as water-soluble carrier and a dansyl derivative
(N-(4-aminobutyl)-5-(dimethylamino)-1-naphthalenesulfonamide, DNS) as the model drug linked with different
tetrapeptide spacers (Gly-Gly-P,—P;, P», Py: Ala, Asn, Gly, Cit, Gln, Ile, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr,
and Val) were combinatorially synthesized. First, the drug release assay of all of the fluorogenic model conjugates
was performed in murine Meth A solid tumor homogenates. The drug release rate was higher with conjugates
having hydrophobic amino acids at P5. It was also found that conjugates with Asn release the drug rapidly and,
in contrast, those with Pro does not. Second, we selected three peptide spacers (Gly-Gly-Phe-Gly, Gly-Gly-Ile-
Gly, Gly-Gly-Pro-Ieu), which release only DNS at different rates, and applied them to doxorubicin (DXR)
conjugates. These three DXR conjugates were used for investigating relationships with drug release, pharmaco-
kinetics, and antitumor activity against Meth A bearing mice of these conjugates. The release of DXR from the
conjugates corresponded well with that of DNS conjugates in tumor homogenates. CM-Dex-PA-Gly-Gly-Phe-
Gly-DXR and CM-Dex-PA-Gly-Gly-1le-Gly-DXR indicated strong antitumor activity, with the comparable
pharmacokinetic profile of released DXR in tumor. Taken with the fact that the drug release rate in tumor
homogenates was ~10-fold different between these two DXR conjugates, it is likely that cellular uptake of the
conjugate would be rate-limiting, rather than the drug release process under the in vivo situation. However, much
weaker antitumor activity was observed with CM-Dex-PA-Gly-Gly-Pro-Leu-DXR, of which the drug release

was extremely slow.

INTRODUCTION

Development of macromolecular prodrugs, which alter the
pharmacokinetic profile of an aimed drug through conjugation
with macromolecules, is a promising approach to increasing
therapeutic efficacy and reducing adverse effect of the drug.
Coupling of low-molecular-weight drugs to water-soluble mac-
romolecular carrier can involve the following: (1) the improve-
ment of drug movement in the body, prolonging its residence
time in the blood circulation; (2) sustained release of the drug
from the carrier by chemical or enzymatic hydrolysis; (3) site-
specific delivery of drug due to moieties recognizing target cells
(1). In solid tumors, macromolecules are known to accumulate
preferentially, due to the “enhanced permeability and retention
(EPR)” effect, i.e., leakiness of tumor angiogenic blood vessels
and lack of effective lymphatic drainage (2). Exploitation of
such mechanisms for tumor targeting has been successfully
proven with various anticancer drugs, including doxorubicin,
paclitaxel, camptothecin, and their analogues (3—6).

* To whom correspondence should be addressed. Phone: +81-3-
5696-3915. Fax: +81-3-5696-4264. E-mail:shiose.yoshinobu.gn@
daiichisankyo.co.jp.
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* Present address: Development Research Department, Daiichi
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10.1021/bcB00238f CCC: $40.75

In addition to the efficiency of delivery to target tissue, the
stability of the drug—polymer linkage is an important factor in
determining therapeutic potentials. Prodrugs intended for tu-
morotropic delivery are required to release the drug using
proteolytic cleavage of the polymer—drug linker by overex-
pressed enzymes in the tumor tissue, including thiol protease
cathepsin B, metalloproteases such as collagenases and stromel-
ysins, and serine proteases like plasminogen activator and
plasmin. Acid-activated cleavage of the polymer—drug bond
can also be used since the polymeric drug encounters endosomal/
lysosomal acidification in tumor cells. The works of Duncan et
al. on poly-N-(2-hydroxypropyl)methacrylamide (HPMA)-p-
nitroaniline conjugates linked with peptidyl spacers have
suggested that of all the lysosomal proteases the thiol protease
cathepsin B was primarily responsible for the cleavage of
the drug—polymer linkage (7—9). In addition, the rate of release
of the p-nitroaniline was found to be dependent on the specificity
of the peptide spacer sequence to cathepsin B, with the fastest
rates of hydrolysis being observed for Gly-Phe-Leu-Gly among
nine tetrapeptide spacers tested (/0).

Being aware that there have been a limited number of
studies (/0—13) on sequence specificity of peptide spacers in
tumorotropic macromolecular prodrugs, we initiated this study
to comprehensively delineate specificity of the peptide spacer
sequence to tumor-expressed proteases in a similar manner to
that reported by Schmid et al. (/4). 225 conjugates of carboxy-
Imethyl dextran polyalcohol (CM-Dex-PA) and a dansyl deriva-
tive (N-(4-aminobutyl)-5-(dimethylamino)-1-naphthalenesulfona-

© 2009 American Chemical Society
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Scheme 1. Synthesis of the CM-Dex-PA-Tetrapeptide-DNS Conjugates
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P,,P, = Ala, Asn, Cit, GIn, Gly ,lle, Leu, Met, Phe, Pro, Ser, Thr, Trp, Tyr ,Val

mide, DNS) linked with different tetrapeptide spacers were
combinatorially synthesized, and the rate of release of DNS from
the conjugates was measured using murine Meth A solid tumor
homogenates. Effectiveness of CM-Dex-PA as a backbone of
tumorotropic macromolecular prodrugs has been demonstrated
in our previous studies (6). On the basis of the in vitro studies,
conjugates of CM-Dex-PA and DXR'linked with different
peptide spacers (Gly-Gly-Phe-Gly, Gly-Gly-Ile-Gly, and Gly-
Gly-Pro-Leu) were designed. The in vitro drug release, phar-
macokinetics, and in vivo antitumor activity of the carboxy-
methyldextranpolyalcohol—doxorubicinconjugates were investigated
to demonstrate the importance of peptide spacers in the design
of macromolecular prodrugs.

EXPERIMENTAL PROCEDURES

Reagents. Fifteen fluoren-9-ylmethyloxycarbonyl (Fmoc)-
protected amino acids were purchased from Bachem America
Inc. (Torrance, CA). Doxorubicin (DXR) was obtained from
Kyowa Hakko Co., Ltd. (Tokyo, Japan). Other chemicals were
of reagent grade and used without further purification.

Synthesis of N-(4-Aminobutyl)-5-(dimethylamineo)-1-naph-
thalenesulfonamide (DNS). After 1,4-butanediamine (33.0 g,
371 mmol) was dissolved in dichloromethane (100 mL.), dansyl

1 Abbreviations: Ala, L-alanine; Asn, L-asparagine; Cit, L-citrulline;
DCC, N,N’-dicyclohexylcarbodiimide; DIPEA, diisopropylethylamine;
DMF, N.N-dimethylformamide; DNS, N-(4-aminobutyl)-5-(dimethy-
lamino)-1-naphthalenesulfonamide; DXR, Doxorubicin; EDC, 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide; EDTA, ethylenediamine-
tetraacetic  acid: Fmoc., fluoren-9-ylmethyloxycarbonyl; Gln,
L-glutamine; Gly, L-glycine; GPC, gel permeation chromatography:
HBTU, 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluo-
rophosphate; HOBt, 1-hydroxybenzotriazole; HPLC, high-performance
liquid chromatography; Ile, L-isoleucine; LC/MS, liquid chromatography—
mass spectrometry; Leu, L-leucine; MMPs, matrix metalloproteases:
MES, 2-(N-morpholino)ethanesulfonic acid; Met, L-methionine; Phe,
L-phenylalanine; Pro, L-Proline; Ser, L-serine; THF, tetrahydrofuran;
Thr, L-Threonine; Tos, toluenesulfonyl; Trp, L-tryptophan; Trt, triph-
enylmethyl; Tyr, L-Tyrosine; Val, L-valine.

chloride (5.0 g, 18.5 mmol) in dichloromethane (100 mlL) was
added dropwise to the solution for 30 min on ice. The reaction
mixture was stirred at room temperature for 20 h. After the
solvent was evaporated, the residue was dissolved in ethyl
acetate, washed with saturated sodium bicarbonate and NaCl,
and then dried with sodium sulfate. After the solvent was
evaporated, DNS (5.99 g) was yielded as oil. "H NMR (CDCls)
6: 1.28—1.37 (m, 2 H, CHy), 1.43—1.49 (m, 2 H, CHy), 2.57
(t,2H, =64 Hz, CH>), 2.84—2.89 (m, 8 H, Mey, CH»), 7.18
(d, 1 H, J = 7.6 Hz, H-6 of Dansyl), 7.51, 755 2d, 2 H, J =
8.3 Hz, 8.8 Hz, H-3, H-7 of Dansyl), 8.25 (d, 1 H, 7 = 7.0 Hz,
H-2 of Dansyl), 8.33 (d, 1 H, / = 8.8 Hz, H-8 of Dansyl), 8.53
(d, 1 H, J = 8.3 Hz, H-6 of Dansyl).

Succinic acid (66 mg) was added to the solution of DNS (90
mg) in methanol (20 mL). The solvent was evaporated, and
diethyl ether was added to the residue for solidification. The
residue was washed with diethylether and dried to yield 130
mg of DNS salt (0.5 succinic acid 0.7 hydrate). Anal. Calcd
for C16H23N302S 0.5 succinic acid-0.7 H,O: C, 55.00; H, 7.03;
N, 10.69; S, 8.16. Found: C, 55.10; H, 6.80; N, 10.46; S, 8.16.
DNS was dissolved in 50% acetonitrile solution and prepared
to 3.57 mg/ml. Furthermore, the solution was diluted to
adequate concentration as HPLC standard sample.

Combinatorial Synthesis of CM-Dex-PA-Tetrapeptide-
DNS Conjugates (Scheme 1). a. Transduction to MB-CHO
Resin of DNS. DNS succinic salt (5.96 g, 18.54 mmol) in N.N-
dimethylformamide (DMF, 30 ml.) was added to trimethyl ester
(30 mlL) suspended with ArgoGelTM-MB CHO resin (6.9 g,
0.40 mmol/g). After shaking for 16 h, the solvent was removed,
and the resin was washed with methanol and dried. To the resin,
1% acetic acid in methanol (100 mL) and 1 N NaBH:CN in
tetrahydroturan (THF, 20 ml.) were added, and the solution was
shaken for 2 days. The resin was isolated, washed with methanol
and chloroform, and dried overnight to yield DNS-resin (19.7
2.

b. Synthesis of H-Gly-Giy-P>-P;-DNS by ACT496. Using
DNS-resin (25 mg, 0.01 mmol), 225 kinds of crude H-Gly-
Gly-P2-P;-DNS (15 x 15 amino acids) were synthesized by
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ACTA496 (Advanced Chem. Tech., KY). P, and P; amino acids
were Ala, Asn, Cit, Gln, Gly, lle, Leu, Met, Phe, Pro, Ser, Thr,
Trp, Tyr, and Val. The DNS resin was placed in the reaction
vessel of the synthesizer and washed with DMF. The DMF was
removed by filtration. To bond P; amino acid to DNS, a 0.1 M
solution of Fmoc-protected amino acids in DMF (0.5 mL) was
added, followed by 1-hydroxybenzotriazole (HOBt, 0.1 mL. of
0.5 M solution in DMF), diisopropylethylamine (DIPEA, 0.2
ml. of 0.5 M solution in DMF), and 2-(1H-benzotriazole-1-yl)-
1,1,3,3-tetramethyluronium hexafluorophosphate (HBTU, 0.2
mL of 0.25 M solution in DMF). The mixture was shaken for
2 h at room temperature. Then, DMF was removed by filtration.
The procedure was performed once again. The resin was washed
three times with 1 ml. DMF. To remove the Fmoc group,
piperidine in DMF was added and the mixture shaken for 1
min. The resin was washed with DMF (3 times). The bonding
of P; amino acid to P;-DNS, the removal of Fmoc, and the
bonding of Boc-Gly-Gly to P;-P-DNS were performed fol-
lowing the same protocol as that for P; amino acid. After the
reaction was completed, the resin was washed twice with 1 mL
DMTF, twice with 1 mI. THF, once with 1 ml. MeOH, and three
times with 1 ml. CH,Cl. To remove the Boc group and isolate
H-Gly-Gly-P2-P1-DNS from the resin, CHyCl solution including
50% trifluoroacetic acid (1 mL) was added and incubated for
2 h. The crude H-Gly-Gly-P2-P1-DNS was collected by filtration
and dried.

c. HPLC Purification of Crude H-Gly-Gly-P»-P-DNS. The
crude H-Gly-Gly-P,-P;-DNS, which was synthesized by the
solid phase method, was dissolved in methanol (500 uL),
transferred to Eppendorf tube, and evaporated. Then, these were
dissolved in 10% methanol (100—200 ul.) and purified by
HPLC. The HPLC separation was performed on a 15 x 250
mm reversed-phase column packed with Capcell Pak C18 UG
120 (Shiseido, Tokyo, Japan) with 8 ml./min flow rate. The
detector was set at 260 nm (UV-8020, Tosoh, Tokyo, Japan).
The mobile phase consisted of methanol/acetonitrile (1:2) and
0.1 M trifluoroacetic acid, of which the proportion ranged from
20% to 45% according to the elution property of H-Gly-Gly-
P>-P-DNS. All samples were confirmed by LC/MS and HPLC
purity (260 nm) >95%.

d. Synthesis of CM-Dex-PA. Carboxymethyl dextran poly-
alcohol (CM-Dex-PA) was synthesized from dextran (molecular
weight 500 kDa, Pharmacia). Dextran (50 g) was dissolved in
0.1 M acetic acid buffer (pH 5.5, S L). A sodium periodic acid
(165.0 g) was dissolved in distilled water (5§ L) and added to
the solution of dextran. The mixture was stirred under shade at
4 °C for ten days. Then, ethylene glycol (35 mlL) was added
and the mixture stirred overnight. The reaction mixture was
adjusted to pH 7.5 using 8 M sodium hydroxide solution. Then,
sodium borohydride (70 g) was added, and the mixture was
stirred overnight. The solution was adjusted to pH 5.5 with acetic
acid on ice, and ultrafiltration was performed using a Biomax
50 (size exclusion 50 kbDa, Millipore). The filtration was
freeze—dried to yield dextran polyalcohol (Dex-PA, 27.1 g).
Dex-PA was dissolved in 14% sodium hydroxide solution (150
ml.), and monochloroacetic acid (30 g) was added under cooling
with ice and stirred at room temperature overnight. The reaction
mixture was treated by ultrafiltration using Biomax 50 after
having adjusted to pH 8 with acetic acid. A macromolecular
fraction was freeze—dried, and Na salt (5.6 g) of CM-Dex-PA
was obtained. The molecular weight of CM-Dex-PA was
approximately 263 000 using pullulan standard by GPC and has
a polydispersity index of 1.6 (M./M},). The decrease in molecular
weight of dextran following periodic acid oxidation has also
been observed by Ahmad et al. (/5), presumably due to
structural changes associated with C2—C3 bond cleavage and
increased molecular flexibility. The carrier was shelf-stable for
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over three months. On the other hand, the degrees of substitution
of the CM groups in the carrier were determined by titration
(ca. 0.0027 mol CM equiv per gram of CM-Dex-PA).

e. Synthesis of CM-Dex-PA-Gly-Gly-P,-F;-DNS. CM-Dex-
PA was dissolved in collidine buffer (pH 7.0) containing 50%
methanol to yield a concentration of 15 mg/ml.. A 36 uL aliquot
of 10 mg/ml. 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDC) and 10 gL of 10 mg/ml. HOBt in methanol was added
to 200 uL of the CM-Dex-PA solution. H-Gly-Gly-P,-P-DNS
was dissolved in 42 ul. of methanol, added to the reaction
mixture, and then stirred for 3 h. 36 L of the 10 mg/ml. EDC
solution was added and the mixture stirred for another 3 h, to
yield CM-Dex-PA-Gly-Gly-P,-P1-DNS.

[ Purification of CM-Dex-PA-Gly-Gly-P>-P;-DNS. The reac-
tion mixture of CM-Dex-PA-Gly-Gly-P,-P;-DNS was diluted
with 600 ul. of distilled water and subjected to GPC for
purification. The conjugates were eluted with 0.1 M sodium
acetate buffer (pH 5.0) containing 20% of acetonitrile using TSK
GEL PW-6000XL. column (Tosoh, Tokyo, Japan). The flow rate
was 1 mL/min and detected at 254 nm (SPD-10A, Shimazu,
Tokyo, Japan). The fraction eluting between 8.5 and 11.5 min,
which corresponded to the molecular weight of 100 to 400 kDa,
was collected.

g Determination of DNS Contents in CM-Dex-PA-Gly-Gly-
P,-P;-DNS. The eluate fraction was diluted 10 times with
distilled water. The content of DNS associated with CM-Dex-
PA-Gly-Gly-P2-P-DNS was determined by the GPC system
equipped with a fluorescence detector (RF-10A, Shimazu,
Tokyo, JTapan) set at excitation and emission wavelength of 335
and 530 nm, respectively. Other conditions were the same as
mentioned above. The DNS content was calculated by the
calibration curve of DNS. The DNS content of the conjugates
ranged from 3% to 6% (wW/w).

Synthesis of CM-Dex-PA-tetrapeptide-DXR Conjugates.
CM-Dex-PA-Gly-Gly-Phe-Gly-DXR, CM-Dex-PA-Gly-Gly-Ile-
Gly-DXR, and CM-Dex-PA-Gly-Gly-Pro-Leu-DXR were syn-
thesized by Research Laboratory of Daiichi Pharmaceutical Co.,
Ltd. (Tokyo, Japan).

a. Synthesis of H-Gly-Gly-Phe-Gly-DXR. A mixture of H-
Phe-Gly-OH (10 g, 44.0 mmol) and toluenesulfonyl (Tos) OH
(8.36 g, 44.0 mmol) and benzylalcohol (10 mL) was suspended
and refluxed through a Dean—Stark system for 16 h. A reaction
mixture was concentrated, and ether was added to give Tos
OH - H-Phe-Gly-OBzl (20 g, 94%). Triphenylmethyl (Trt) -Gly-
Gly-OH-EN (1.40 g, 3.0 mmol) and TosOH - H-Phe-Gly-OBzl
(1.46 g, 3.0 mmol) and HOBT (490 mg, 3.6 mmol) and (N,N'-
dicyclohexylcarbodiimide DCC, 740 mg, 3.6 mmol) were
dissolved in DMF (10 ml) and the mixture stirred overnight.
The mixture was concentrated, diluted with ethyl acetate, and
washed with 5% aqueous citric acid, a saturated sodium
bicarbonate solution, saturation solution of salt, and distilled
water in this order. Then, it was dried with MgSO, and filtered,
and the filtrate was concentrated. Trt-Gly-Gly-Phe-Gly-OBzl
was obtained by column chromatography (CH,Cl,/MeOH = 50:
1) to yield 1.5 g. Trt-Gly-Gly-Phe-Gly-OBzl (500 mg) and
HCOONH, (150 mg) were dissolved in DMF (5 mL), followed
by the addition of 5% Pd—C (500 mg) and agitation for 2 h.
Pd—C was removed by filtration, and the filtrate was purified
by columin chromatography (CH2Cly/MeOH = 50:1) to give Trt-
Gly-Gly-Phe-Gly-OH (330 mg, 78%). 'H NMR (CD;0D): &
7.18—7.45 (m, 20H), 4.64 (dd, 1H, J = 8.8, 5.6 Hz), 3.94 (d,
1H, J = 16.5 Hz), 3.80 (d, 1H, J = 16.5 Hz), 3.78 (d, 1H, J =
17.5 Hz), 3.64 (d, 1H, J = 17.5 Hz), 3.23 (dd, 1H, J = 14.2,
5.6 Hz), 2.90 (dd, 1H, J = 14.2, 8.8 Hz), 2.90 (s, 1H).

Trt-Gly-Gly-Phe-Gly-OH (330 mg, 0.57 mmol), DCC (141
mg, 0.68 mmol), and HOBt (92 mg, 0.68 mmol) were dissolved
in DMF (120 mL), and DMF solution containing of HCI/DXR
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Figure 1. Partial structure of DXR conjugates.

(331 mg, 0.57 mmol) and triethylamine (0.063 mlL,, 0.57 mmol)
were added and the mixture stirred for 16 h. Then, Trt-Gly-
Gly-Phe-Gly-DXR was purified by column chromatogrphy
(CH,Cly/MeOH = 10/1) to yield 400 mg. '"H NMR (CD;OD):
67.91(d, 1H, J =7.6 Hz), 7.80 (t, 1H), 7.54 (d, 1H, J = 8.3
Hz), 7.16—7.26 (m, 5H), 543 (d, 1H, J = 3.9 Hz), 5.13 (br,
1H), 4.73 (s, 2H), 4.43 (dd, 1H, J = 8.4, 6.6 Hz), 4.30 (q, 1H,
J=6.6 Hz), 4.16 (m, 1H), 4.03 (d, 1H, J = 17.0 Hz), 4.02 (s,
3H), 3.86 (d, 1H, J = 16.9 Hz), 3.83 (d, 1H, J = 17.0 Hz),
3.77 (d, 1H, J = 15.9 Hz), 3.73 (d, 1H, J = 15.9 Hz), 3.62 (d,
1H, J = 1.5 Hz), 3.59 (d, 1H, J = 169 Hz), 3.13 (dd, 1H, J =
13.9, 6.6 Hz), 3.10 (d, 1H, J = 18.6 Hz), 3.00 (d, 1H, J = 18.6
Hz), 2.94 (dd, 1H, J = 13.9, 84 Hz), 2.38 (d, 1H, J = 14.7
Hz), 2.19 (dd, 1H, J = 14.7, 5.1 Hz), 1.98 (ddd, 1H, J = 12.7,
12.7, 3.9 Hz), 1.71 (dd, 1H, J = 12.7, 4.6 Hz), 1.28 (d, 3H, J
= 6.6 Hz).

Trt-Gly-Gly-Phe-Gly-DXR (350 mg, 0.32 mmoly was dis-
solved in 75% AcOH (2 mL) and stirred for 1 h. Distilled water
(10 mL) was added, and the solution was filtered and dried in
vacuo. The resulting red solid product was collected by treatment
of Dowex 1 x 8 ion-exchange resin (CL-form) and dried in
vacuo to give HCl-H-Gly-Gly-Phe-Gly-DXR (180 mg).

b. Synthesis of CM-Dex-PA-Gly-Gly-Phe-Gly-DXR. CM-
Dex-PA (750 mg) was dissolved in 50% MeOH/0.02 M Tris-
maleate buffer (pH 7.0) (50 ml.). HCl-H-Gly-Gly-Phe-Gly-
DXR (100 mg) in MeOH (10 mL) and EDC+HC1 (80 mg) in
MeOH (4 mlL) were added and the mixture stirred for 4.5 h. A
solution of EDC-HCI (40 mg) in MeOH (4 mL) was added
twice at 1.5 and 3 h. To stop the reaction, 3 M NaCl (50 mL)
was added, and the mixture was filtered using a MW 50 kDa
cutoff membrane. The product was dried in vacuo, redissolved
in 3 M NaCl, and precipitated by dropping into EtOH (40 mL).
The precipitate was collected, treated by ultrafiltration, and
purified through a 0.22 uM filter, to give the product (740 mg).
CM-Dex-PA-Gly-Gly-1lle-Gly-DXR and CM-Dex-PA-Gly-Gly-
Pro-Leu-DXR were synthesized by the same method. The
contents of DXR in the DXR conjugates ranged from 4% to
6% wiw, and contamination of free DXR was less than 0.01%
DXR equiv. The partial structure of these conjugates was
indicated in Figure 1.

Inoculation of Tumor Cells. Meth A (murine fibrosarcoma)
was kindly obtained from Dr. Ichiro Azuma (Institute of
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Immunological Science, School of Medicine, Hokkaido Uni-
versity, Japan). Meth A tumors were propagated in vivo by
subcutaneous inoculation of cells (1 x 10° cells/0.1 mL) into
the left flank of syngenic male BALB/c mice (6 weeks of age).
Murine histiocytoma M5076 cells were obtained from Japanese
Foundation for Cancer Research (Tokyo, Japan). The cells were
cultured in RPMI 1640 medium supplemented with 17% horse
serum (Hyclone Laboratories, Logan, UT). M5076 solid tumors
were propagated in vivo by subcutaneous inoculation of cells
(1 x 10° cells/0.1 mL) into the left flank of syngenic male
C57BL/6 mice (6 weeks of age).

Preparation of Tumor Homogenate from Meth A Solid
Tumor in Mice. Meth A solid tumor homogenates were
prepared according to the method of Rozhin et al. (/6). On 21
days post-subcutaneous inoculation of Meth A tumor cells, the
mice were sacrificed under anesthesia to excise the tumor tissue.
A pool of the tumor tissues with a total weight of 27 g was
washed three times with 20 mL of ice—cold MES buffer (250
mM sucrose, 25 mM MES, 1 mM EDTA, pH 6.5), and then
placed in 35 ml of the fresh MES buffer. The tumor
homogenization was performed at 4 °C for 5 min. The
homogenate was centrifuged at 500 x g for 11 min, and the
supernatant was collected and centrifuged again at the same
condition. Furthermore, the supernatant was centrifuged at
15000 x g for 19 min to yield a mitochondrial lysosomal pellet.
The pellet was resuspended in citrate butfer (pH 5.5), quickly
frozen, and stored at —80 °C. M5076 tumor homogenates were
prepared by the same method.

Drug Release Assay of DNS Conjugates and DXR
Conjugates in Tumor Homogenate. The enzyme reaction
mixture consisted of 80 uL. of Britton Robinson buffer (pH 4.5),
5 uL. of 200 mM cysteine, 5 4L of 0.1% Brij 35, and 5 L. of
the tumor homogenate. Five microliter of the DNS conjugate
or DXR conjugate solution was added to the mixture and
incubated at 40 °C for given time period (DNS conjugates, 2
or 20 h; DXR conjugates, 4, 8, 24 h). Then, acetonitrile (100
ul) was added to stop the reaction. Following centrifugation
of the solution at 15000 x g for 10 min, the amount of the
liberated drug contained in the supernatant was determined by
HPLC.
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Release of DXR from the Conjugates in M5076 Cell
Culture. Two milliliters of M5076 cell suspension (5 x 10°
cells/mlL) was seeded onto a 60 mm dish, and cultured in RPMI
1640 medium supplemented with 17% horse serum medium for
2 h. 100 ul. of DXR conjugate solution (2 mg DXR equiv/mL)
was added to the cell culture dish, and incubated at 37 °C in a
humidified atmosphere of 5% CO» (v/v) in air. 24 h later, 1 M
HCl containing 90% acetonitrile (2 ml.) was added, and the
lysate was taken and centrifuged for 10 min at 10 000 x g.
The amount of DXR released from the conjugates was deter-
mined by HPLC.

Antitumor Activity of DXR Conjugates against Meth A
Bearing Mice. After inoculation of Meth A cells (day 0), DXR
conjugate (5, 20, or 40 mg DXR equiv/kg) or DXR (5, 10, or
20 mg/kg) were intravenously administered on day 9. On day
14, mice were sacrificed to excise and weigh tumor masses.
The growth inhibition rate (IR) on the basis of tumor weight
was calculated using the following formula: IR = (1 — TWY/
TWe) x 100 (%), where TWt and TWc¢ represent the mean
tumor weight for treated and nontreated groups, respectively.
The statistical significance of differences between the nontreated
and treated groups was evaluated using Dunnett’s test. The body
weight of mice (BWt) was measured every day and compared
to that on day O (BWc). The rate of body weight loss (BWL)
was calculated on the basis of the following formula: BWL (%)
= (1 — BWt/BWc¢) x 100. BWLmax indicates the maximum
value of BWL.

Distribution of DXR in Tumeor, Liver, and Serum after
Administration of DXR Conjugates. Meth A bearing mice
were intravenously administered with DXR conjugates or DXR
at 20 mg DXR equiv/kg. In order to examine the release of
DXR from macromolecular conjugates in detail, distribution of
DXR following injection of the conjugates was measured on
the same time scale as the case of DXR, which is rapidly
distributed to and eliminated from tissues. That is, at 2, 4, 8,
24, and 48 h after injection, mice were anesthetized with
dimethyl ether, and blood, liver, and tumor were collected. The
blood were left to clot for 10 min and then centrifuged (10 000
x g, 10 min at 4 °C) to collect serum. The samples (serum,
liver, and tumor) were stored at —30 °C until analysis. 100 uL
of the serum was mixed with 100 uL. of 1 M HCI containing
90% acetonitrile (v/v) and then centrifuged at 10 000 x g for
10 min at 4 °C. The supernatant was injected into the HPLC
system. To liver and tumor 0.5 M HCI containing 50%
acetonitrile (v/v) were added (1 ml solvent per 0.25 g tissue),
homogenized on ice by the handy micro-homogenizer NS-310F
(Microtec Co., L'TD, Chiba, Japan), and centrifuged at 10 000
x g for 10 min at 4 °C. The supernatant was injected into the
HPLC system. A preliminary experiment indicated that the
procedure provided more than 95% recovery of DXR from
tissues.

HPLC Condition. LC/MS was performed with an HP 1100
HPLC system with APT 150Ex mass spectrometer on a Develosil
Combi-RP-5 column (4.6 x 50 mim, Nomura Chemical Co.,
Ltd. Aichi, Japan). The mobile phase consisted of A, 0.1%
HCOOH/H,O (v/v), and B, 0.1% HCOOH/acetonitrile (v/v),
with a linear gradient from 0% to 100% of B for 3.6 min (flow
rate 2.5 ml/min). Determination of DNS and its peptide
conjugates released was performed with a HPL.C system on a
Symmetry Shield RP18 column (4.6 x 100 mm, Waters Co.,
Milford, MA) and a fluorimetric detector (excitation 335 nm,
emission 530 nm); the mobile phase consisted of acetonitrile
and methanol (2:1) and 0.1 M sodium acetic acid, with a linear
gradient from 30% to 90% for 15 min (flow rate 1 ml./min).
Determination of DXR was performed on a Symmetry Shield
RP18 column (4.6 x 100 mm) and a fluorimetric detector
(excitation 480 nm, emission 590 nm); the mobile phase
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consisted of acetonitrile, methanol, and 0.1 M sodium acetic
acid buffer (23.4/11.6/65.0, v/v/v, flow rate 1 mL/min).

RESULTS

Drug Release Assay of DNS Conjugates by Meth A
Homogenate. Considering the pH dependence on the cathepsin
activities associated with Meth A tumor homogenate (/7), the
drug release assay of the conjugates was performed at pH 4.5.
‘When CM-Dex-PA-Gly-Gly-P,-P1-DNS was incubated, not only
DNS but its peptide conjugate (P;-DNS and P»-P1-DNS) were
detected by HPLC. Figure 2 is a P, x P; combination of pie
charts, of which the diameter represents the total release rate.
The red, blue, and yellow colors indicate DNS, P;-DNS, and
P,-P-DNS. In the case of Pro at Py, the release of DNS and its
peptide conjugates was very slow (small chart) for any amino
acids at P», while in the case of Asn at P;, DNS (red color) was
rapidly released. On the other hand, when P, was Val, Tyr, Trp,
Phe, Met, Leu, or lle, DNS was rapidly released. By contrast,
Thr, Ser, Pro, Gly, Gln, Cit, and Ala at P, retarded the release
of DNS and its peptide conjugates. Interestingly, when Asn was
at P», P;-DNS (blue color) was largely released. Taken together
with the result of Asn at Py, peptidases associated with Meth A
tumor homogenates preferentially cleaved the carboxy side of
Asn. In the case of Pro at P; and P,, P,-P;-DNS (yellow color)
and DNS tended to be mainly released, respectively, indicating
that both the amino and carboxy sides of Pro are extremely
resistant against the peptidases.

With regard to the conjugates which released DNS completely
within 20 h, drug release for the shorter time (2 h) was also
measured (Figure 3). When P, was Tyr, Phe, or Leu, and P;
was Met, Leu, Gln, or Cit, the release of DNS were extremely
high.

As well as Meth A homogenates, M5076 tumor homogenates
were subjected to DNS release assays of the conjugates. When
drug release in M5076 tumor homogenate was investigated with
nine voluntarily selected conjugates (peptide: Gly-Gly-Leu-Met,
Gly-Gly-Met-Asn, Gly-Gly-Gly-Asn, Gly-Gly-Phe-Gly, Gly-
Gly-lle-Cit, Gly-Gly-lle-Leu, Gly-Gly-Pro-Gln, Gly-Gly-Pro-
Ala, Gly-Gly-Met-Pro), it was highly correlated with that of
Meth A tumor homogenate (Figure 4).

Comparison of Drug Release between DNS Conjugates
and DXR Conjugates in Meth A Homogenates. As well as
the DNS-bearing model conjugates, the release of DXR from
DXR conjugates was investigated in Meth A homogenates. The
conjugates, which have three typical peptide spacers (i.e., Gly-
Gly-Phe-Gly, Gly-Gly-lle-Gly, or Gly-Gly-Pro-l.eu), were
selected. Although the amount of DXR released within 20 h
was less than that of DNS, the rank order of three types of
conjugates was the same in both DXR- and DNS conjugates:
that is, the release of the drugs was highest with conjugates
having Gly-Gly-Phe-Gly, followed by Gly-Gly-lle-Gly and Gly-
Gly-Pro-Leu (Table 1).

Drug Release Assay of DXR Conjugates in M5076
Tumor Homogenates and in Vitro Cultured M5076 Cells.
As well as Meth A homogenates, the M5076 tumor homogenates
were subjected to drug release assays of DXR conjugates. DXR
conjugates, for which the spacer varied in the rate of hydrolysis
(Gly-Gly-Phe-Gly, Gly-Gly-lle-Gly, Gly-Gly-Pro-Leu), were
selected. The release rate constants of DXR from CM-Dex-
PA-Gly-Gly-Phe-Gly-DXR, CM-Dex-PA-Gly-Gly-lle-Gly-DXR,
and CM-Dex-PA-Gly-Gly-Pro-Leu-DXR were 0.064 h™?, 0.0066
h™!, and 0.00013 h™ !, respectively (see Supporting Information).
It indicated that, as well as in the case of DNS conjugates, the
rank order of the DXR conjugates was the same in both Meth
A and MS5076 tumor homogenates.

In addition, the release of DXR from the conjugates was also
evaluated in the in vitro cultured MS076 cells. Figure 5
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Figure 2. Characterization of DNS and its derivatives released from DNS conjugates in Meth A homogenate at 37 °C for 20 h. The vertical axis
indicates the P residure, and the horizontal axis indicates the P, residure. The total amounts of drug release are indicated by the size of circle, and
the ratio of DNS, P{-DNS, and P,-P;-DNS are indicated as red, blue, and yellow, respectively.

represents a plot of the amount released within 24 h in the
cultured M5076 cells against the release rate constant evaluated
in the homogenates. Although the rank order of drug release
was the same in both cultured cells and tumor homogenates,
the difference between CM-Dex-PA-Gly-Gly-Phe-Gly-DXR and
CM-Dex-PA-Gly-Gly-lle-Gly-DXR was not so remarkable in
the cultured cells (ca. 1% for both} as expected from the tumor
homogenates (~10-fold difference). It i1s likely that cellular
uptake of the DXR conjugates is the rate-limiting step, and
therefore the difference in the intracellular hydrolysis rate
minimally affects the appearance of DXR from the conjugates.

Antitumor Activity of DXR Conjugates against Meth A
Bearing Mice. Antitumor activity of CM-Dex-PA-Gly-Gly-Phe-
Gly-DXR, CM-Dex-PA-Gly-Gly-lle-Gly-DXR, and CM-Dex-
PA-Gly-Gly-Pro-Leu-DXR was investigated in Meth A bearing
mice. As shown in Table 2, intravenous injection of 5—40 mg/
kg CM-Dex-PA-Gly-Gly-Phe-Gly-DXR remarkably decreased
the tumor weight, although the loss of body weight (>20%)
was observed at the highest dose. CM-Dex-PA-Gly-Gly-Ile-
Gly-DXR, in spite of giving slower in vitro drug release than
CM-Dex-PA-Gly-Gly-Phe-Gly-DXR, exhibited comparable an-
titumor activity to CM-Dex-PA-Gly-Gly-Phe-Gly-DXR, al-
though two mice died at 40 mg/kg. On the other hand, antitumor
effect of CM-Dex-PA-Gly-Gly-Pro-Leu-DXR was much less
than the other two DXR conjugates. It clearly indicated that
the rate of drug release is important in the antitumor activity.
When DXR itself was administered at 20 mg/kg, four of six
mice died, and antitumor activity was moderate. At 10 mg/kg,

on the other hand, the antitumor activity and body weight loss
were not observed. Thus, macromolecular prodrugs exhibiting
a fast drug release due to tumor proteases, e.g., CM-Dex-PA-
Gly-Gly-Phe-Gly-DXR and CM-Dex-PA-Gly-Gly-lle-Gly-
DXR, greatly improved therapeutic potential of DXR.

Distribution of DXR in Tumor and Liver after Admin-
istration of DXR Conjugates. The serum, hepatic, and tumoral
levels of free DXR after intravenous injection of DXR conju-
gates were determined. When DXR was administered, the serum
level of DXR was decreased rapidly in the early phase and
gradually in the late phase. When the conjugates were injected
intravenously, the serum level of free DXR was extremely low
(Figure 6A).

As for administration of DXR, its tumoral level reached a
maximum at 4 h and gradually decayed thereafter. In contrast,
when CM-Dex-PA-Gly-Gly-Phe-Gly-DXR or CM-Dex-PA-Gly-
Gly-lle-Gly-DXR was administered, the tumoral level of free
DXR released from the conjugates was gradually increased and
remained high for a long time. The tumoral level of free DXR
from the conjugates at 48 h was about 3-fold higher than the
level following administration of DXR itself. In the case of CM-
Dex-PA-Gly-Gly-Pro-Leu-DXR, the level of free DXR was
minimally detected (Figure 6B).

DXR was highly distributed into the liver immediately after
intravenous injection. In the case of CM-Dex-PA-Gly-Gly-Phe-
Gly-DXR or CM-Dex-PA-Gly-Gly-lle-Gly-DXR, the hepatic
level of free DXR was kept low. The Cmax values for the
conjugates were 5-fold lower than that for DXR. In the case of
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Figure 3. Released DNS for 2 h from DNS conjugates, which released DNS to 70% for 20 h. The vertical axis indicates the P, residure, and the
horizontal axis indicates the P; residure. The amounts of drug released are indicated by the size of circle.
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Figure 4. The relationship of released DNS from DNS conjugates
between Meth A and MS5076 homogenate. Several kinds of DNS
conjugates were incubated in Meth A or M5076 homogenate for 20 h,
and released DNS were determined by HPLC.

CM-Dex-PA-Gly-Gly-Pro-Leu-DXR, DXR was hardly detected
in the liver as well as the tumor (Figure 6C).

DISCUSSION

Tumorotropic macromolecular prodrugs with peptide spacers
promise to improve the efficacy and reduce the toxicity of the
cancer chemotherapy. It is generally believed that the prodrugs

Table 1. Drug Release from DNS Conjugates and DXR Conjugates
in 20 h Incubation with Meth A Homogenates

drug release (%)

peptide DNS conjugate DXR conjugate
Gly-Gly-Phe-Gly 100 100
Gly-Gly-Ile-Gly 41 8
Gly-Gly-Pro-Leu 15 0.3

that reached tumor tissues are taken up by tumor cells and
release drug by lysosomal cysteine protease, cathepsins (9, 10, 18).
Substrate specificity of cathepsins has been investigated over a
few decades (/9—21), including high-throughput profiling of
serine and cysteine proteases using a microarray technique (22—24).
However, taking into account that a polymer backbone sterically
limits acceess of proteases to the peptide bond (71, 25—27),
systematic studies specialized to macromolecular prodrugs have
been required. In this context, we combinatorially synthesized
225 fluorogenic macromolecular prodrugs with a CM-Dex-PA
backbone and evaluated sequence dependence of amino acid
spacers on the rate of drug release by tumor-associated proteases.
We intended to evaluate structure—activity relationship of drug
release under rather physiologically relevant conditions (i.e.,
tumor cell homogenates) than by individual cathepsins, since it
was obvious that multiple proteases including cathepsins B and
L are responsible for hydrolysis of the same type of macromo-
lecular prodrugs (7).

Several investigations have already found that dipeptide
having hydrophobic amino acid at P,, such as Phe, Val, Leu,
Ile, and Trp, and basic amino acid as Lys, or hydrogen bond
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Table 2. Antitumor Activity of DXR Conjugates against Meth A Bearing Mice®

tumor weight

compound schedule dose? (mg/kg) mean £ SE (g) IR (%) BWLmax* DU
control 1.823 + 0.446 0 <0 0/6
CM-Dex-PA-Gly-Gly-Phe-Gly-DXR qdx1 40 0.207 4 0.061##* 89 21.6 0/6
qdx1 20 0.260 = 0.051 %% 86 6.7 0/6
qdx1 10 0.389 &+ 0.091%** 79 2.5 /6
qdx1 5 0.759 + 0.136%* 58 1.7 0/6
CM-Dex-PA-Gly-Gly-Ile-Gly-DXR qdx1 40 0.291 £ 0.115%* 84 23.9 2/6
qdx1 20 0.286 =+ 0.089%%#* 84 3.4 0/6
qdx1 10 0.444 + 0.038%* 76 1.5 0/6
qdx1 5 0.753 £ 0.167* 59 0.5 0/6
CM-Dex-PA-Gly-Gly-Pro-Leu-DXR qdx1 40 1.094 £ 0.213 40 6.1 0/6
qdx1 20 1.296 £ 0.166 29 <0 0/6
qdx1 10 1.092 £ 0.300 40 <0 0/6
qdx1 5 1.196 £ 0.185 34 <0 0/6
DXR qdx1 20 0.738 £ 0.500 60 13 4/6
qdx1 10 1.360 + 0.282 25 3.7 0/6
qdx1 5 1.571 £ 0.415 14 1.1 0/6

“Meth A cells were inoculated s.c. into BALB/c mice (Day 0). After 9 days, mice received a single (qdx 1) administration of DXR conjugates and
DXR (Day 9). Tumor weight was assessed on day 21. Asterisks indicate significant differences from the untreated control by Dunnett*s test. ® Dose
levels of compounds were expressed as those of DXR. < Maximum rate (%) of body weight loss, with numbers in parentheses denoting the day. <0
indicates no body weight loss. “ Number of mice that died of toxicity/mumber of mice used. Death days were as follows. CM-Dex-PA-GGIG-DXR 40
mg/kg: day 16 and 17. DXR 20 mg/kg: days 17, 20, 20, and 20. **x P < 0.001. ** P < 0.01. * P < 0.05.
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Figure 5. Relationship of released DXR from DXR conjugates between
tumor homogenate and M5076 cell culture. CM-Dex-PA-Gly-Gly-Phe-
Gly-DXR, CM-Dex-PA-Gly-Gly-Ile-Gly-DXR, and CM-Dex-PA-Gly-
Gly-Pro-Leu-DXR were incubated with M5076 homogenate or M5076
cells for 24 h; released DXR were determined by HPL.C (see Supporting
Information).

amino acid as Cit at Py, is able to be the substrate to cathepsin
B (28). As shown in Figure 2, the release of DNS from prodrugs
was rapid in the case of Val, Tyr, Trp, Phe, Met, Leu, and Ile
at the P, position but slow in the case of Thr, Ser, Pro, Gly,
Gln, Cit, and Ala. Thus, hydrophobicity of amino acids at P>
would undoubtedly be important. When the P; position was a
hydrophobic amino acid (Ile, Leu, Met, Phe, Tyr, Val), the
cleavage appeared to occur even for spacers showing some
resistance due to hydrophilic characters at P,. It suggests that
the proteases might simply recognize hydrophobic moieties and
have a moderate sequence specificity. In addition, it should be
noted that the P;-DNS form tended to be released. From the
viewpoint of molecular design, such hydrophobic amino acids
should not be selected for P; to avoid the undesirable release
of amino acid-conjugated drug.

In addition, when Asn was at P; or P,, DNS and P;-DNS,
respectively, was released. It suggested that proteases associated
with Meth A homogenate preferentially cleave the peptide bond
at the C-terminal of Asn. On the other hand, the drug release
rate became extremely low, when Pro was at P; or P». Pro, due
to its distinctive cyclic structure in the side chain, exhibits steric
hindrance and electrostatic repulsion and protects biologically

active peptides against enzymatic degradation (29). Proteases
associated with tumor cells would not be exceptional.

As mentioned above, it is desirable to design a macromo-
lecular conjugate that does not release any conjugates with
amino acids or peptides but only a native drug. On the basis of
the examinations using fluorogenic macromolecular prodrugs,
we selected three peptide spacers (Gly-Gly-Phe-Gly, Gly-Gly-
Ile-Gly, Gly-Gly-Pro-Leu) that release only DNS at different
rates and applied the spacers to the design of DXR conjugates.
The rank order of the release of DXR from the conjugates was
the same as that of DNS conjugates in both Meth A and M5076
tumor homogenates. Thus, examinations using fluorogenic
macromolecular prodrugs undoubtedly gave useful information
on the design of DXR conjugates. When CM-Dex-PA-Gly-Gly-
Pro-Leu-DXR was administered to Meth A tumor-bearing mice,
the tissue concentration of free DXR and antitumor activity was
observed only minimally. This was quite reasonable, since the
release of DXR from CM-Dex-PA-Gly-Gly-Pro-Leu-DXR was
extremely slow in tumor homogenates. On the other hand, CM-
Dex-PA-Gly-Gly-Phe-Gly-DXR and CM-Dex-PA-Gly-Gly-Ile-
Gly-DXR, in spite of the fact that the release rate was ~10-
fold different in tumor homogenates, exhibited similar pharmaco-
kinetics and antitumor activity. The release of DXR from the
conjugates would be determined not only by enzymatic activity
but also by cellular uptake. It should be reiterated that water-
soluble macromolecules hardly permeate plasma membranes.
In the in vitro experiments using M5076 cells, the release of
DXR was similar between CM-Dex-PA-Gly-Gly-Phe-Gly-DXR
and CM-Dex-PA-Gly-Gly-lle-Gly-DXR, being as slow as 1%
of DXR per 24 h. Along with the fact that more than 15% of
DXR could be released from these conjugates within 24 h, it is
most likely that cellular uptake of the DXR conjugates is the
rate-limiting step in vitro. As for DXR conjugates with the
carboxymethyl—pullulan (CMPul) backbone (12, 30, 31), it has
been reported that CMPul-Gly-Gly-Phe-Gly-DXR, which re-
leases DXR rapidly in tumor homogenates, showed the highest
antitumor activity, while CMPul-Gly-Gly-Gly-Gly-DXR, which
releases DXR slowly, showed weaker activity than DXR in
walker-256 and Yoshida sarcoma-bearing rat models. Our
present investigation also revealed that the Gly-Gly-Gly-Gly
spacer gave much slower release of DXR as compared to Gly-
Gly-Phe-Gly and Gly-Gly-lle-Gly spacers. Although the
past (12, 30, 31) and present studies were different in terms of
tumor models and polymer backbones, they presented an
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Figure 6. Pharmacokinetic profiles of free DXR after i.v. administration of DXR-conjugates or DXR to Meth A bearing mice at a dose equivalent
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respectively. N.D.: Not detected.



5535 of 14295

Peptide Spacers Controlling Drug Release

essentially similar tendency. It might be concluded that the faster
release of DXR provides greater antitumor activity, but the trend
is saturated since cellular uptake of conjugates is smaller than
the release of DXR based on the in vitro observations.

It is well-known that matrix metalloproteases (MMPs) are
highly expressed in the tumor tissues. Macromolecular drug
conjugates releasing active ingredients with MMPs have also
been developed (32, 33). These conjugates were designed on
the basis of earlier studies on substrate specificity of MMPs
demonstrating a consensus motif of Pro-X-X-Xgy, where Xgy
is a hydrophobic amino acid residue (34—36). It is also known
that peptides having Leu and Ile instead of Pro in the sequence
can be substrates for MMP-2 (34). Since our macromolecular
prodrugs have quite different amino acid sequences, i.e., Gly-
Gly-X-X, from MMP substrates and showed a fairly good in
vitro/in vivo correlation of drug release, it is unlikely that MMPs
are responsible for the release of DXR from the conjugates. At
this moment, however, involvement of MMPs has yet to be ruled
out.

In summary, we systematically investigated the properties of
peptide spacers controlling the drug release from conjugates and
found representative peptide spacers, which release only parent
drug with different rates. With regard to DXR conjugates, the
conjugates showing a faster drug release rate provided greater
antitumor activity in tumor-bearing mice. Considering that
antitumor drugs are classified into time—concentration product
(AUC)-dependent and time-dependent drugs (37, 38), however,
the release rate of drugs needed to be controlled properly. We
believe the present study provides useful information on the
design of macromolecular prodrugs intended for antitumor
chemotherapy.
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DE-318 is compesed of the tog

ase-3 inhibitor DX-8958 (exatecan) and carboxymethyldextran polyal-

cohol {CM-Dex-PA} carvier, whick are covalently linked vie peptidyl spacer (Gly-Gly-Phe~Giy). In this study, we
fnvestigated relationship between the cathepsin activity and the drug velease of DE-310 by use of human Hver
srigin cathepsin (B, L and B) snd smev cells (murine tumer cells (Meth A and MSE76}, and buman twmar celis
(ICT116, 4549, PL-12, TIRG, and HI~60)). Preliminary studics indicated that human Hver cathepsin B pro-
duced Glveyl DX-8851 (G-DX-8951) frow DE-310 more preferentially than DX-8951, wheveas human Nver
cathepsin L preduced DX-§951 preferentially, Release of drugs from DE-310 and cathepsin activities were meas-
ured in tumor cell types. The release of both DX-8981 snd G-DX-8951 {rom DE-318 correlated well with cathep-
sin B activity of tumor cells, The release of DX-8951 was weskly, but not sigrificantly, corvelaied with cathepsin
L activity, Tn R8676 (high cathepsin activity) or Meth 4 (low cathepsin activity) xenopraft smodels, the fevels of
DX-8951 and G-DX-8951 in BS8T6 were higher than im Meth A alter single intravenous administration of BE~
310, Our findings suggest that cathepsin B is primarily respensibie for drug release from DE-310 in tumen

Key words

Utihzation of drug delivery systems s an atiractive ap-
proach 1o improving officacy and safoty of anticancer drugs.
Long-civeulating macromolecular or particulate carriers are
known to preferentially accumudate in solid tumors, due to
the “enhanced permeability and retention (EPRY’ effect,”
leakiness of fumor angiogenic blood vessels and lack of
cifoctive lymphatic drainage. SMANCS (neocartivostatin
polymer conjugate), Doxil (doxorubicin liposome}, aud
Daunozome {daunsrubicin Hposome ¥ that exploit the KPR
effect have already been launched in the market. Begides,
PK (doxorubicin-HPMA pelymen),” XYOTAX (paclitaxel-
polygiutamate),” and NKO11 (doxorubicin micelle)” are
under clintcal investigation.

D¥E-310 s & novel macromolecutar prodrag of the topo-
isomerase-f  nbihiter  (15,98)-1-amino-9-cthyl-S-fuoro-
£,2,3,8,12, 1 5-hexahydro-9-hydroxy~4-mothyl- 104,13 H-
benzo{dei-pyrano}[3’,47:6, 7lindolizina{l,2-Alguinoline-
18,13-dione (DX-89511." DX-8951 is covalently linked with
carboxymethyl dextran polyaloohol {(CM-Dex-PA) vig the
Gly-Lew-Phe-3ly (GGFG) tetrapeptide spacer (Fig. 1.7 It
has been demonstrated that @ single dose of 11.4mp/kg DE-
310 exhibited stronger ant~tumor activity in mice than re-
peated doses (10 mg/fg daily for S d) of DX-8951{ (exatecan;
3X-8951 monomsthansulfonate salt).® Taking into account
that D¥X-8951F belongs to  Ume~dopendent  anit~-cancer
druge,” slow releass of X-8951 from DE-31¢ in addition to
long-term retention in tamor tissues would have been benefi-
cial in exhibiting such an effective anti-tumor activity.

The peptide spacer of DE-311) was designed to be cleaved
by cysteine protease, cathepsing. Expression of cathepsins B,
H, and L m tumor tissues and their involvement in fumor
progression have been indicated.'” Cathepsin B is expressed
more highly in malignant turmnors' Y and is responsibie for de-
struction of basal membranes, processing of matrix pro-

ie

= To whom correspondence should be addressed.  e-muails shiose.yoshinobu.

macromolecular prodrug; TE-313; campiothecing cathepsin B; cathepsine L

teases, and inactivation of protein inhibitors.' On the other
hand, cathepsin H is highly expressed in eolon cancer cells,'
and cathepsin L s secreted in metastatic bone marrow
tumor ™ Yt is likely that the level of cuthepsin species in
tumor tissues would be one of the factors determining anti~
tumor activity of DE-310.

Te this study, we examined the drug release from DE-310
by cathepsins 8, H, aud L cbtained from human lver to iden-
tify the products of hydrolysis and determine the rate of hy-
drolysis for cach cathepsin species. Then, we examined in
vitro drug release from DE-318 in different murine or human
tumor cell types, in addition to the activity or expression of
cathepsing B, H and L in the cells. Correlation between the
drug release and cathepsin levels was analyzed to quaniita-
itvely delineate the mechanism of drug release from DE-310.
In addition, tumor tissue disiribution of DE-318 was tnvesti-

‘)\\
ey
B \\’x
£ .,
A N,
B ginmannny Mg
ke oY
[ o3
Carborymethyl  { HC}X‘ ...... " R
Lo wasiig CMEDex-PA carrier
= ol ™
o . Gy

08 pegesy
Fig. 1. Swwctwe of DE-310

CRISANKYC.C04D D 2007 Pharmaceatics! Soctety of Japan



5538 of 14295

2366

gated in two types of solid numor bearing mice, 1o, Math A
and MSH76, which were different in cathepsin activity.

MATERIALS AN METEODS

Materials DE-310 is composed of carboxymethndated
polyalcobol carrier, tetrapeptidyl spacer (Gly-Gly-Phe-Giy),
and camptothicein analog DX-8851. DXA80511 15 (15,951~
amino-O-ethyi-S-fluore-1,2,3,%9,12, 1 S-hexahydro-9-hydrox y-
4-methyl-10H 13 H-venzoldeipyrano[3’ ,47:6, 7 indolzing-
f1,2-0jguinoline-10,13~dione] monomethanesulfonate (sait)
dehydrate. These were synthesized by Daiichi Pharmacouti~
cal Ce., Lid {Tokye, Japan), DE-310 comtained 5—7%w/w
¥X-8951 and its molecniar weight (MW) was ca. 340000
with 2 narrow polydispersity (weight average MWiumber
average MW<T{.3). For use, DE-310 was dissolved in pyro-
gen-free distiied water {Otsuka Phawmaceutical Company,
Tokye, Japan) and stored 4°C overmight. Benzyloxyear-
bonyl-arginylargimne-4-methyl-T-covmarylamide  {£-Arg-
Arg-MCA} and -arginine-4-methyl-7-coumarylamide {Arp-
MCUA}, which are specific substrates for cathepsin B and
cathepsin H, respectively,’” were purchased from Peptide Ju-
stiute, Ine. (Csaka, Japan). Cathepsin B (huwman liver,
3175 unlis/m] solutiony was purchased fom Sigma (86
Lows, MO, US.A) Cathpsin L {human fiver, 41.7 mU/mi
soluion} and Cathepsin 3 (buman liver, 1330 miing pro-
wing 89376 mi/ml solution) were purchased from Cal-
biochem {(La Jolla, CA, 1.S.A). Cathepsin H was diluted to
445,88 mU/mi with 20 acetats buffer (pH 5.0} containing
Tm of EDTA and 0.31% Bdj 35 Cathepsin ¢ (Rovine
Spleen, 54 umts/mg solid) was parchassd from Sigma (St
Louts, MO, US.A), diluted to 1026 umits/ml with 20 mu ac-
etate buffer (pH 5.5 containiung v of EDTA and 0.1%
Bri; 35,

Meth A {murine fibrosarcoma} was fundly obtained from
Dy ichire Azuma (Instituic of Emmunological Science,
School of Medicing, Holtkaido University, Japan), HCTUI6
{human eolon oancer} and TREG (human ghioma) were ob-
tained from American Type Culture Collection (VA, LIS A
A349 (uman lung carcinoma) and PC-12 (human fung car-
cinoma expressed peglycoprotein) wers obtained from Toray
Industnies (Shizaoka, fapan}. Al of the cells were cultured in
RPMI 1640 (Gibco-BRL; MY, US40 medium supple-
mented with 10% fetal bovine serum (FBS; Hyclone Labora-
tries, Logan, UT, UB.A ) MSOT6 (murine ovarian sarcowa)
was obiained from the Japaness Foundation for Cancer Re-
search {Tokve, Japan), and cubiured i RPMI 164¢ medinm
supplemenied with 17% hosse serum (HS; Hyclone Labora-
trics, Logan, UT, US.AL)

f Vigre Brog Release froem DE-30 with Human
Cathepsing A 1 g abiquot of 417 wli/mi human cathep-
sin solution was added to 130 gl of Britton-Robinson buffer
{pH 4.5, 5.5 or 6.5} containing | mm of EDTA and 10 mwm of
cysteing and $.1% Buj 35, Then a 10 g aliguot of DE-310
solution was added to give a final conoentration of & nraol/mt
{8951 eguivaients), These reactions were dons at 40°C
for 20h and stopped by the addition of 200g1 of
CH,ON:QIn HOl=1:1 solution tw the mixture. The
amount of DX-8951 and G-DX-8851 ta the reaction mixture
was measured by HPLC.

Tu Virrs Drog Release from DE-310 with Tameor Cells
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Meth A, MS5078, HOTI16, TI8G, AS49, HL-80 and PC-12
were plated in nop-coated &0mm  dishes (X107 salls/
4rai/dishy and then DE-310 solunon was added to give 2
final concentration of ZOug/mi (DX-8931  equivalems).
These dishes wers ingubated at 37 °C for 34 h in aiv contain-
ing 5% CG,. In the case of Meth A, M3(76, and HL-60, the
dishes were shaken with a micomixer (Model No. MX-5,
Sanko Junyake Cornpany, Tokyo, Japan). At the end of incue
bation, the colls weore contrifuged at 1000 g for I0min, and
530 g} of the supematant was taken for the HEFLC assay. The
cells were rinsed with saline 3 times and treated with 3060 gt
of the |11 {(v/v) mixture of $.53 HCI and acetonitriie. In the
case of HUT116, A549, PC-12 and 198G, which are adher-
ent cells, the culture wedium was aspirated oft and then the
cells were rinsed with saline 3 times and lysed with [l of
the 1:1 {(v/) mixture of (.5 HC! and acetonitrile. in both
cases, the cell lysate was centrifuged at 10000 g for {Omin
and the superaatant were analyzed by HPLOC, Furthermore,
refease drugs in culiure medium were determined. The oni-
ure media were collected, and added to same volume of
0.5 HCI containing 50% {v/v) acetonitrile sohation. The so-
hutions were centrifuged at 10000 g for 10 min, aud the su-
pernaiants were analyzed by HPLC,

Cathepsins Activities in Tumor Cells  The cell suspen-
sions {IX 10 cells/iml) were homogenized by the handy
wiern homogenizer NS-310F (MBIROT Co., Lid., Chiba,
Japany and then centrifuged (12000 g, 4 °C, 10min) to vield
the supernatani. The content of proteins leaked in the super-
natant was determined by Bio-Rad protein assay dye reagent
(Japan Bio-Bad Laborastories, Inc, Tokyo, Japan), using
bovine serum alburain as 2 reference. The activities of
cathepsing B and H in the supernatant were measured using
the substraies Z-Arg-Arg-MCA and Arg-MCA, respectively,
in a similar manner to the methad of Rarrett,'” Briefly, to
2ut of the solution, 1254l of 400 mm phosphate buffer
{35Zmm KH,PO,, 48 mm Na,HHPO,, 4mm EDTA, gH 6.4),
365 b of 019 Beij 35 and 4 ui of freshly prepared 1w cys-
fefne were added and pramonbated for Smin at 40°0, The
reaction was started by the addition of 1 gl of 1M sub-
strate {(ZeArp~-Arp-MCA or Arp-MCA]J solation. Ten minutes
later, 300 4l of the solution countaining 100mwM sodivm
chioroacetate, 30 mm sodium acetate and 70wmm acetic acid
was added {o stop the reaction. The amount of T-amino-4-
methyi~coumarin {(AMC) liberated was measured by HPLC.
Enzyme activities were caiculated using a calibration curve
established with AMC standard. Gne unit of enzyme activity
was defined as the amount of enzyme reguired to liberate
| gmol of AMC peor minute from the substrates at 40 °C. Ex-
pression of cathepsin L {n the rumor cell was determined by a3
commercially avatiable ELISA kit (RD laboratories, Diessen,
Germany ). The level of cathepsin L was expressed in mU of
analyte per milligram of gssue proiein.

Tumer Tissue Distribution of DE-310 in Meth A and
M5676 Xensgraft Models Meth A ceils {IX10Scelis/
0.1 mifmouse) and M3076 cells (2X16°celle/. ] mb/mouse)
were inoculated subcutancously into the right flank of sy~
gencie BALB/c and CSTBL/S6 mice {Japan SLC, Inc,
Shizuoka, Tokye), respectively. When estimated tumor voi-
wme reached fo approximately 308 mm? after transplantation,
the muee were injected iniravenously with DE-310 at
114 mgke (DX-8951 equivalents, n=23). At 24, 48, and 72 h
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Fig. 2. R fDX-8351 and Glyoyl DX-8351 fro
zymes (B} ar 37 °C for 204

after administration of DE-310, tumor tissue was removed
and weighed. Samples were stoved at ~34 °C unti} analysis.
The samples were mixed with CH.ON Q5 HO =11 solu-
tion at 4-fold volume (v/w) per issue weighi, and homope~
nized on ice using handy micro homogenizer to extract
DX-8951, G-DX-&3351 and conjugated-DBX-8951. The ho-
mogenates were centrifuged {15800 g, 1min), and the su-
perpatant was analyzed {o determine the arnount of DX-8851
and G-DX-8951 by HPLC, Furthermore, for deternmuning the
amouns of conjugared DX-8951, § 4] of the superoatant was
added to 95 ul of a~chymotrypsin (2 mg/ul} dissolved by
Brtton--Robinson huffer (pH 6.0), aud incubated st 40 °C for
2h. After that, the reaction was stopgped by adding 168 g of
CHLON 0.5 HCl=1:1 solution and centsifuged {13000 4,
1Omin}. The supernarant was analyzed to determine the
amount of total G-DX-8951 by HPLC, conjugated-IX-8951
calenlated by deduction of G-I3X-8951 from total amount of
G-13K-86
HPLC Analysis  The concentrations of DX-8%351 and G-
D-8931 in the medium and cell exiracts were defermined
by reversed-phase BPLC {COPM-H pump, Tosoh, Tokyo,
Japan} st 44°C mplementing Symametry Shield RPIS
(4.6 100 mm; Waters, Milford MA, US.A) The mobile
phase was a mixturz of 36.5% of acctonitnile/methanc] (2/1,
viv) and 64.5% of 0.1% trifluoroacetic acid at Symumetry
Shield RPIE column, Aowed at | Omifuin, Detection was
performed using the Waters 474 Huorescence detector {(Wa~
texs, Milford, MA, TI8.A) with exciiation and emission
wavelength of 375 nm and 445 nm, respectively. The peak
srea was calcuiated using a Millenivm chromatography
ager system (Waters, Milford, M4, U5.AL) Measurement
AMC in cathepsins sssay samples were also carned oul with
the same HPLC system, where excitarion and emission
wavelengihs were set st 346um and 437 nm, respectively.
The mobile phase of AMC was 3 wixture of 27% of acstons-
irile/methanct (271, w/v) and 73% of distilied water,

Incabaterd with Cathepsin B (A), Cathepsin L (B}
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RESULTS

fn Vigre Drug Release from DE-310 with Human
Cathepsins  Preliminary studies were cavried out with
cathepsins tsolated from human liver Figure 2 shows the re-
lease of DIX-8951 and G-I3X-8951 from DE-310 incubated
with human cathepsivs. For il cathepsing, the gnantity of
drig refease decreased with increasing pH within the pH
range tesied. In cathepsin B, the reloase of G-T¥X-8931 was
1G-fold higher than that of DX8951 at pi 4.5 (Fig. 24). Gu
the comirary, cathepsin L catabolized the releass of DX-8051
morte preferentally (approzimately 6-fold higher) than that
of G-DX-8351 (Fig. 2B). As for cathepsin H, no DX-803]
was detected while only a small amount of G-I¥X-8951 was
daetected (<<0.05 %) (Fig. 207}, When DE-310 was incubated
int the absence of any enzymes, the drugs were not roleased at
all {Fig. 200

fn Viiro Drug Release from DE-310 with Murine and
Huoman Cells  in order to investigate refationship between
rug relesse from DE-318 and cathepsin activity, fiost, dong
release from DE-310 was investigated in diffcront tumor
cells, 1.e., two types of murine (Meth A and MSG76} and §
types of human (T98G, AS549, HL-60, PCA12, and HCT116)
tummors celis. The release of both BX-8951 and G-DX-8951
were detected in all cell Bres, where the total amount of DX-
8951 and G-DX-8931 released varied 3.77—31.27 pmol/
107 cells/24 h and 15.53—467.63 pmol/107 celis/24 b, respec-
tively (Table 1} Here, most of the drugs released were de-
tected 1o the incubation medium, The release of DX-8951
was fhe highest in M3076 cells, followed by T98G>>
AS49=Meth ASHL-60>PC-12=HUTH6. Although the re-
lease of G-DX-8951 was also highest in MS076 cells, it was
vemarkably low in AS549 cells that exhibiied & high actvity
towards the refsass of DX-8851, The release of the drugs ¢id
not ocour when DE-310 was incubated with the celi-condi-
tioned medium {data not shown).

Cathepsins Activity in Tumor Cells

To delineate vari-
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310 i differen:

ability of the release of drugs from DE
tumar cells, the lovels of cathepsins B, H and L were Investi-
gatod (Teble 23 . Cathepsin B activity was much more vaii-
able than that of Mf‘{‘ii;in H, The activity of cathepsin B was
foli mvsed t y M‘{P’?é /,1‘\549':5{-’(3"

celts

DR-8951
{pmul/107 celis)

[ER5) CRATAH
{pmoi/i ¢ Lelis)

Origin Souree

12R:28.24

Murine

MEGTS 14.7450, !(-
452 %9161 1
4674321626
Human HCTits
A54G
BC-12
T8
HL-G0 BLO
5805073 b6
5662073 44861032
-3 {30

for 24
Eelow fimi

quant

Table 2. Cathepsin Activitics in Various Tomer Celis?
e PSRN Cathopsin I Cathepsin H
Origin. Celllive | 7, . i N
8 et e {mliiep protainy  (llfmg protein)
Musing  Meth A

Human

d
thapsios B and B
MOA snd Asg-MiE

Tehle 4 Tamor Digiribation of Conjugaied and
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in human mmor cells was evaluated by FLISA
human cathepsin L antibody, protein expression of
1 per total amount of protein was detormined in human
sumor cells, except for wmudie tumers, Expression of cathep-
si L oper ceblular proteins ranged from 0,90 1o 2.8%9mll/mg
protein, which was the hghest in TUBG celis foliowed by
AS49HCTHaPC-12>HL-60, On the other band, cathep-
sin H activity ranged frome 5.03 to 0.08, whick was much
fower than cther cathepsiis.

Ceorrelation Ansiysis  The relationship between aciivity
of cathepsins and diug release using murine and human
mmor colls was statistically {nvestigated in Table 3. Hers,
cathepsin activity represents the total amount of the Hberated
drag detected in both incubation medium and cefl lysate. The
release of DX-8951 from DE-310 was highly correlated with
cathepsin B activitiy in human fumor cells {#F=0.9421,
p=0.01861 The release of G-E¥X-8931 was also correlated
with  cathepsie B activity  acd  refoased  G-DEX-8951
(#=0.8494, o=00685), As for cathepsin L, there was a posi~
tive association between expression and released DX-B8SE,
though 1t was not statisucally  significant  {(7=0.8047,
=03 305), Between the fovel of cathepsin L expression and
released G-E(-8951 there was not a & g’fs‘ﬁca-\t correlation.
Furthermore, when we did simifar analysis with added two
murine twmor oelis, the correlabon cosfBicent betwee
cathepsin B and refeased DX-8931 or G-13X-8951 decreased
o 8.5110, 0.3430, sespectively {data not shown). As a resalf,
though there were & few examples, it suggested that spegies
differences with murine awd huraan existed 1n the correiation
vath cathepsio B and drug reiease.

Tumor Tissuc Distribution of DE-318 Distribution of
conjugated DX-825F, DILR95, and G-DX.EF51 in Meath A
or Ma076 tumor tssues was evahuated at 24, 48, and 72h
post intravensus sjoction of DE-310 (Table 43 At &l time
points, conceniration of DX-8$951 and G-DX-8951 was
higher in M3076 xenograft models than in Meth A xenograft

Y

e 3. Correlations between Drep Release and Cathepsin Aciviy in
“umor Cebis

Drig rzlease vs.
cathiepsin activity

b i cathepain B
G-DX-8551 vs. cathepsin B

Fomor Time TiX-8951 G-DX-3951 Conjugsied IN-€551
{n} (umoli) {omalig) {nmol/eg) 15%-3951 D803
Meth A 24 8714034 .55 1.56
48 0272304 .29 .98
72 3 BRAGER XN 3,42 1.60
M5DTs 24 i. 54 x. O 24 43270152 12 13.09
48 57308 4.52:0.64 .74 5.5¢
72 .4820.0% 3240059 .66 437
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rodels. Even when the lovel of DX-8%5] and G-DX-8531
was standardized with that of conjugated DX-8351, the lavel
of both forms DX-8951, especially G-I3X-8031, was greater
in MS5076 xenegraft meodels.

DISCUSSION

DE-318 has a GGFG tetrapeptide spacer for linking 13X~
8951 with UM-Dex-PA. It was believed that the {'i'('}FG 58w
guence was a snbstrate of vsosoral enzymes,! ™ ag well
as {':}"I G gy some others. ™ Nogusa of of " exam-
ined effect of peptide spacers on the rclease and anti-
tumor activity of the drug, doxorebicin (I3XR}, conjugared
with carboxymethyl-pulluiac {CMPull, CMPul-GGEG-DXR
showed the highest release of the drug, followed by CMPul-
GFGG-DXR and CMPuk-GGGG-DXE, when the conjugates
were inenbated with lysosomes for 24 17 Among the three
gaics, CMPul-GGFG-DXR indicated the strongest anti-
mmeor effect against rat bearing Walker-256, and Yoshida sar-
coma.'® Their research grovp subsequently reported that
anti-tumor activity of CMPul-GGFG-DXR was cquivalent to
that of CMPG-GFLG-UXR, ¥ which has a well-known

GFLG spacer. .41

Qur previous studies have shown that BE-310 elicits sig-
wificant anti-tumeor activity in vatous tumor models, whereas
the activity ocourred at lower doses and with a maore pro-
found effect than DX-8051 alone ™ High levels and pro-
longed retention of conjugated DX-8351, DX-8951, and G-
[¥X-8851 have been observed in tumor Hssnes afler iunira-
venous infection of 3E-310 3a Meth A tumor-bearing
mioe.®® Thus, liberated DX-8951s are believed to exhibit a
cytotexae effect in fumor tissues. Preclinical data indicated
that the inhibitory activity of DX-8%951 on topoisowerase-1
activity is comparabie to G-DX-8931 aud that the in viire cy-
totoxicity of 3X-8951 s about 20190 times more potent
thars G-I¥X-8951 {unpubiished resuits). A clinical study
demonsiraied that G-DX-8951 concentration in tumor tissuos
are approximaicly ten fold greater than DX-8951, suggesting
that G-DX-8951 wmight partially contribute to the cytotoxic
activity of DE-316. B

Structural requirements for drug relcase from r‘xacm*noir:—
calar prodrags have been discussed by Soyez et al®™ who
conchided that, whereas generai remis ;.:)uli be found, the
type of carvier and drug used greatly fnfiusnces the degrada-
tion rate and pattern due to specificties of substrate-enzyme
reactions. Taking into account the difference tn cyiotoxic ef-
feots betwsen D\f 8951 and G-DX-8351, the present study
was initiaied to investigate how these two forms appear from

310 hydrolysis.

Char previous investigation demonstrated that the release of
the parent deugs from DE-310 wore compleiely inhibited by
a representative cysteine protease inhibitor E-64"" in Meth A
cell homogenate, indicating the juvolvement of cathepsing n
this process. fn virro studies revealed {a) thal cathepsin B
produces both IFX-8951 and G-1¥X-8951 while cathepsin L
produces DX-R951 preferentintly, (b)) that the activity of
cathepsins in tumor cells varvies widely, and (¢} that the re-
lease of G-IX-895] from DE-310 showed 2 bigh corrslation
with cathepsin B activity in tmor cells, while that of DX
3931 did with cathepsins B and L. Thus, variablity of cathep-
sins activity in cell tvpes would affect the release vate of DX~
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8951 or G-DX-8931 from DE-31¢ in the én vivo conditions.
When Meth A and MS476 xenograft models were compared,
ot tissue concendration ratio of Huerated drugs, especially
G-DX-8951, was greater in MSO76 xenografl model (Table
4). The in vivo result is reasonable, given that cathepsin B ac-
tivity of M3G76 cells was much greater than that of Meth A
cells.

In the hydvolysis of BEMA-GFLG-nitroanitide,”” PK 1,
and OMPul-OGFG-DXR'T by cathepsin B, plycylated
forms were not produced from macremolecufar prodrugs.
When norfloxacin was coupled with chloroformate-aciivated
dextran vig GFLG spacer, on the other hand, G-norfloxacin
was released in the prescnce of cathepsin B, Cathepsin Bis a
byscsomal thiol protease that has been found i the cells of
many species. Besides endopephidase activity, mthepxin B
has also carboxydipe pt-g..-.bc activity.” Soyez ef al™ re-
ported that NAP was reieased from HPMA-GFLG-NAP
while F-NAP was released first from HPMA-GFLGF-NAP
Thus, the patiern of release sppears o depend on the kind of
drugs and spacers, relating to stenc or electrostatic effect of
their molecular structures.

The present study demonsirated that the release of drug
from DE-310 depends on expression of cathepsing {n o
Since the rate of drug release detormines consentration—time
course of Boerated drug, 1t might be an important factor de-
termining ami~tumor activity. The release of drug does not
appear t¢ be rate-limiting, since the fumor tissue concentra-
tion-fime profiles of free TIXLBO5T and G-T¥X-53531 were
paraliel to that of conj gdt@d X895 {Table 4). When anti-
trnor scivity of DE-310 was concerned, however, appeat-
ance of G-DX-8951 would not bo desirabic. To avoid this
problem, further design of spacer will be needed. Dubowcehik
et ¢l jndicatad that cathepsing R-madiated drug release
was increased when seif-immolative praminobenzylearbonyi
{PABC) spacer was mserted between DXR and lysosomal
protease-scusitive peptides. In our on-going studies, PABC
was mscricd between DX-8951 and GGFG & DE-310,
demonstrating that the release of free DX-8951 from the con-
Jugate was more than 100 times greater than DE-318 in ho-
mogenates prepared from murine Meth A solid tamor. The
experimental resulis will be reported elsewhere.

Ackuowiedgements  The awhors wish to thank Do Eip
Kumazawa and DBr. Kasuhire {pous for their advice eoncern-
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Abstract

_An antibody-drug conjugate (ADC) provides the possibility of selec-

tively ablating cancer cells by combining the specificity of a monoclonal
antibody (mAb) for a target antigen with. the delivery of 2 highly potent
eytotoxic agent. ADC targer antigens-are typically highly expressed on
the surface of cancer cells comipared to narmal eells. The tumor target,
the cytotoxic agent, and the manner in whicli the agent is attached to-
the antibady are key determinants of clinical activity and tolerability.
Recently, several clinical trials have demonstrared that ADCs achieve
higher clinical response rates. than unconjugated mAbs targeting the
samie cell surface antigen. Brentuximaly vedotin represents one such

- 'ADC that has'recently becn ‘approved for the tredtment of relapsed

Hodgkin and systemic anaplastic large cell lymphomas—both charac-
terized by high expression of the targetantigen, CD30, on the surface of
malignant cells. This review summarizes key characteristics of corrent,
clinically active ADCs:and highlights recent clinical data fllustrating the
benefit of antibody-targeted delivery of cytotoxic agents to cancet cells,
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HiL: Hodglin
Iymphama

ALCL: anaplastic

Targe-cell lymphoma

INTRODUCTION

Clinically useful, unconjugared monaclonal
antibodies (nAbs) selectively recognize anti-
gens that are preferentially expressed on or
near tumor cells and exert their cytotoxic
effects through mechanisms such as cell signal-
ing, antibody-dependent cellular cytotoxicity,
antibody-dependent phagocytosis,
and complement-dependent cytotoxicity (1).
Hawsver, the majority of these mAbs are used
in combination with chemotherapy, and many
others have demonstrated insufficient clinical
activity. Therefore, significant effort has been
devoted to empowering mAbs through various
medifications (2). One approach by which the
activities of these mAbs have been enhanced
is through conjugation with cytotoxic drugs,
generating antibody-drug conjugates (ADCs)
capable of antigen-specific delivery of highly
potent cytatoxic drugs to tnmor cells.

cellular

DESIGN PRINCIPLES

In arder w improve efficacy without com-
promising safety, an ADC must preferentially
deliver the eytotoxic payload to tumor cells
expressing the rarget antigen rather than to
healthy tissue. This is accomplished by exploit-
ing the specificity of a mAb targeting an antigen
that is highly expressed on the surface of ma-
lignant cells. After binding the target antigen,
the ADC-antigen complexis typically internal-
ized and transporred to intracellular organelies
where release of the attached drug can oceur:
Upon release, the cytotoxie drug can inter-
fere with various cellular mechanisms, leading
to cell death (Figure 1). The development of
ATICs has relied on several key areas of research
including the choice of an appropriate antigen
rarger, develapment of novel highly potent cy-
totoxicdrags, developmentof. stable linkers that
can release the cytotoxic payload upon internal-
ization, and conjugation technology. This re-
view discusses recent advances in these areas
of rescarch along with the applicadon of these
technologies to ADCs eurrently in the clinic:

Srevers s Senter

Seleet an Appropriate “Target

Target selectionis arguably the most important
contributor to the antitumor activity and toler-
ability of an ADC, Asa general riile, cancer cells
do not display novel immunogenic antigens
because such behavior would lead to rapid clear-
ance by the immuae systen, However, cancer
cells occasionally express: normal celt surface
antigens at levels that are distinguishable from
their healthy normal cellular counterparts. 1de-
ally, the target antigen should be expressed with
substandally higher copy numbets on tutnor
cells, as the efficacy and tolerability of an ADC
appear to depend, in part, onits relative expres-
sion on northal tissue compared to tumor cells
(3,4). Two ADCs that have shown pronounced
clinical activity at rolerated doses, ‘brentuximab
vedotin (ADCETRIS®) and trastuzumab
emtansine (T-DM1), target antigens with pref-
erential expression on tumor cells. The normal
cell surface antigen targeted by brentuximab
vedotin, €30, is strongly expressed on the
Reed-Sremberg cells of Hodgkin lymphoma
(L) and on systemic anaplastic large~cell
Jymphama (ALCL) tumor cells (5). CD30
expression is otherwise thought to be largely
fimited to activated T and B celfsin the physio-
logic state (6, 7). Sinsilarly, the HER2 antigen,
rargeted by T-DMI, is highly overexpressed
on some metastatic breast cancer tumars com-
pared to normal tissue (8~10). Both of these
ADTs have shown meaningful clinical activities
with manageable safety profiles (11-13).

Upon. binding of the ADC, iriany antigens
underge rapid inrernalization along with
the bound ADC through. receptor-mediared
endocyrosis (Figure 1), The efficiency of
internalization ¢an vary between 4n ADC
and the unconjugated antibody; in some cases
both species internalize at the sume rate,
whereas in other cases the ADC internalizes
more efficiently (14, 15). The rate and extent
of intermalization are important because it
influences uptake of the drug as well as release
of the drug in tumor and normat cells (16, 17).
 The expression level of the target anti-
Fen -}\ippAenrs to be another important factor
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Ex. 1002



py Stantord University - Main Lampus ~ Lane Megical Library on U3 #/13. ror personal use oniy.

5545 of 14295

Antibtdy-drag
conjugate

Cytotoxic
component

ApBOPLosis

HER. w (rastizeenab emtansing

Figure 1

Gremoralized mechamst ofaction of antibody-drig conjugares (ADGs). (@) The ADC binds to the antigen
o the target-eell. (8) The an tigen-ADC complexis jaternalized through receptor-mediated endocytosis and,
inmost cases, is transported from carly endosomes to tysasomes. () In the lysesome; internal conditions may
destabilize the linker or mAb backbone, causing the cytitoxic component to dissociate and circulate freely in
the cytoplasm. Most cyrotoxic components of current ADCs:cither bind to'thé minor groove of DINA and
induce stranid breakage (@) ot bind to rubulin, resulting in microtubule disraption (¢). (fY Both processes lead
tw apoprosis, duset: Four advanced-stage ADCsare brentuximab vedotin, inotuzumaly.ozogamicic,
gemtuzumab ozogamicin, and trastuzumab enttangine: The antigen rargers for each ADC are shown.

in ‘targeting tumors with ADCs; however, leukemia tumors express relatively low levels
ADCs have shown efficacy over a wide range of target antigen (5,000-10,000 receptors
of antiger expression levels. For example,  per cell), meaninghul cliniical responses have
while CID33-positive acute myelogenous been observed with gemtuzumab ozogamicin

Jreviewsiovg & Antibody-Drug €

OnCusp
Ex. 1002

17



OnCusp
Ex. 1002

5546 of 14295

by Stantord Uiversiy - Mam tampus - Lafe Medical Liprary on US/18/13. £0T personal use outy.

(Mylotarg®, GO), an ADC that rargets the
QD33 antigen (18, 19). Effective treatment of
cumors with such low antigen expression levels
requires an ADC witha highly potent cytotoxic
component, such as calicheamicin in GO. Con-
versely, FIER2 can be expressed on metastatic
breast cancer tumor cells with very high copy
nugnbers (in some cases, >3 million copies per
cell) in some patients (20). Significant clinical
activity against HER2 -positive  metastatic
breast cancer has been reported for T-DM1,
an ADC composed of trastuzumah conjugated
to a cytetoxic maytansinoid, mertansing (DMI)
(10, 21). These and other ADCs are effective
over a wide range of antigen expression levels,
althotigh preclinical snudies have shown that
higher antigen expression levels do in fact pre-
dict greater ADC potency in cell culrure (22).
“Faken together, these observations suggest that
although expression level is an important factor
in determining ADC potency, cven antigesn tat-
gets with lower copy mambers can be effectively
targeted with a sufficiently: potent ADC.

Minimize Systentic Drug Release

“The linker that counects thie cytotoxic drug to
the mAb is a key deterniinant of ADC activity.
These finkers cavalently couple the cytotoxic
drug to the antbody, producing an ADC that
should be relatively stable in cireulation (3).
Stahility of the linker is 1mportant because it
prevents damagé to nontarget tissue through
sponraneous release of the oytotoxic drug while
maxitnizing tutnor drug exposure (3). Upon
inrernalizatiors, however, the linkers should
facilitate efficient drug release. Intracellular
conditions such as the Jow-pI1 environmentin
tysosomes or the reducing environment of the
cytosol can destabilize acid-labile hydrazone
linkers or disulfide-based linkers, respectively,
resulting in drug release (Figure 1y (23). For
example, the ADC GO contains an acid-labile
hydrazone linking the calicheamicin-derived
cytotaxic cornponent the CD33 mAb 24).
FHowever, both add-labile hydrazone linkers
and disulfide-based linkers are relatively
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unstable in plasma, with half-lives in plasma
of approximately 48-72 hours and 1 day,
respecrively (2, 25).

Dipeptide linkersand thioether linkers have
also beenusedin ADC development. Dipeptide
linkers such as citrulline-valine linkers are pre
dominantly cleaved by specific lysosomal pro-
teases, imparting greater stability in plasma and
increased exposure 1o the conjugated drug after
intravenous delivery (26). Brentuximab vedotin
is an ADC that uses a cleavable citrulline-
valine dipeptide linker to facilitate release of
the cytotoxic agent, monaiethylauristatin F,
(MMAE) (27). There are also noncleavable
thioether linkers that depend on degradation of
the inAb.component in the lysosome. Antibody
degradation teads to the release of the cytotoxic
deug seill bound to the linker and the amino
acid residae of the antibody to which it was
attached (28, 29). T-DM1 is an ADC thatuses
this type of linker to tether the maytansinoid
cytatoxic component to the mAb 2.

Tailor Conjugation T'echnology

to Optimize Drug Effect

The specific method of attachment of the
cytotoxic drug and linker to the mAb has been
shown to play a key role in ADC activity and
wlerability. The most coramon methods of

antibody-deug conjugation are alkylation of re~

duced interchain disulfides, acylation of lysine
residues; and alkylation of genetically engi-
neered eysteine residues. The numberof drugs
per mAband drug position have been shown to
influence ADC aggregation, antigen binding,
dlearance from the circulation, potency, and
wolerabily 2. 30). Unierconjugation can
decrease porency of the ADC mixrure, whereas
thé conjugation of too many drugs per mAb can
tead to decreased citculation half-life, reduced
tolerability, and impaired antigen binding
(2, 30). The ideal number of drag molecules
per antibody for most carrent ADCs appeats
to be about four. This ratio minimizes the
presence of unconjugated antibody, fimits the
circulation half-life to that of the unmodified
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Table 1 Antibody-drug conjugates in clinical development
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Drug Status Thefapeutic area v Target “Cytotoxic class
brentusimab vedotin approved HL, ALGL D30 autistatin
gemuzumab oxogamicin withdrawi AML CD33 calicheainicin
indruzuriab gzogsmicin phase I NHIL, ALL D22 calicheamicin
trastuzurmah emtansing phase 1L MBC TIER2 - maytansinoid
BTU62Z k phase I multiple myelon CD138 meaytansinoid
CDX-011 phase 11 breast, melanoma GPNMB auristatin
milatuzumab-dox phase 1 multiple myeloma CD74 anshracycline (doxorubicin)
SAR3419 phase 11 DLBCL, ALL CD19 maytansinoid
AGS-16M8BF phase I RCC AGS-16 autistatin
ASG-22ME phase | solid umors nectin-4 auristatin
ASG-SME phase I prostate, pancreatic SLC44A4 auristatin
BAY 79-4620 phase 1 solid turnors carbonic anhydrase 9 auristatin
BAY 94-9343 phase I solid rumors mesothelin maytansinoid
BIIBOLS phase 1 | solid runiirs cripto maytansinoid
IMGINS29 phase 1 NHL, CLL CD37 mayrtansinoid
IMMU-130 phase I colorectal CEACAMS camptothecin analog (SN-38)
forvoruzamab mertansine phase I SCLC, multiple CD56 miaytansinoid
) myeloma
MDX-1203 phase I NHL, RCC CD70 alkylating agent
{duocarmycin)
PSMA ADC phase 1 prostate PSMA auristatin
RG7393 phase 1 fiematologic cDL2 Furistatin
malignancies
SARS66658 phase L solid tumors CA6 raytansinoid
SGN-75 phase 1 NHL, RCC D70 autistatin

Abbreviations: ALCL; anaplastic large-cell lymphoma; ALL, acute tysphaocytic leakemiag AML, seute inyeloid lenkemia; CLL, ehranic fymphocytic

leukemia DLBCL, diffvise large B-cell lymphaa; FIL, Flodgkin lymphotoa;

RCC, renal cell carcinoma; SCLC, small-cell lung cancer.

antibody, and does uot significantly disrupt
antigen binding (2).

Employ Highly Potent

Cytotoxic Agents

Early ADC development focused on the use
of readily available, clinically approved drugs
such as doxorubicin, methotrexate, mitomyein,
Aurouracil, and vinca alkaloids (2). These.drugs
have relatively low potencics, so aceess o solid
tamors by riacromolecules was inefficient and
accurnulation of the eytotoxic drug in rarget
cells was poor. The low clinical activity exhib-

ited by these carly ADCs prompted the devel-
opentof ADCs employing much nore potent
eytotogic drugs, which, though too tOXIC tO use
in an untargeted manner, have sufficient po-
tency to be used in a more targeted manner {2).

The majority of highly potent cytotoxic
agents used in current ADCs are auristating,
maytansineids, or calicheamicins (Table ).
The cytotoxicities of auristatins and may=
tansinoids arise from hinding to tubulin and
the inhibition of polymerization, causing cell
cycle arrest and subsequent apoptosis of the
target cell (Figare 1) (2, 31, 32). MMAE is
an auristatin that is used in several ADCs,

sowm.annisidieviewsorg, s Antibody-Drug Conjirgates
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conjugated directly to native cysteine restdues
using maleimide for conjugation and a dipep-
tide linker (valine and citralline—veMMAE)
to facilitate drug release (33). MMAE is the
eytotoxic compenent of the only ADC that is
currently commercially available, brentuxintab
vedotin. The most advanced clinical ADC con-
taining a maytansinoid derivative is T-DML.

IXNA-binding cytotexic agents used in
ADCs include duocarmycin and calicheamicin
analogs. These agents exert their cytoroxic
effects by binding to DNA in the double-helix
minor groove (3). For example, binding of
calicheamicin analogs induces double-straid
breaks in DNA, resulting in cell death
(Figure 13 (34). These molecules are very
potent, but their lack of selectivity has pre-
vented their use as single-agent therapeutics
(3). Calicheamicins in particolar have been
integrated into inotuzumab ozogamicin, an
ADC in late-stage clinical development, as well
as the previously commercially available ADC
GO, which has been voluntanily withdrawn
from the market.

CLINICAL DEVELOPMENT

Considerable attendon to the selection of
() optimal tumor targets, (¢) highly potent.cy-
totuxic payloads, and (¢) stabilizing linker tech-
nologies has yielded promising new treatment
options for cancer patients. ADCs consistenty
demonstrate better response rates than uncon-
jugated mAbs that target the same cell surface
antigen and have been clinically evaluated in
similar advanced cancer patient populations.
Table 2 presents a selection of tumor antigens
that have been targeted by both unconjugated
antibodies and ADCs in the context of the
objective response rates observed in similar pa-
tient populations. For all antigen targets, more
robust antirumor activity was observed in clini-
cal trials incorporating treatment with a single-
agent ADC. The patient populations compared
were relatively sirmilar and all studies examined
single-agent therapy, bug it is important to
note that none of the reported studies directly
compared an ADC with its unconjugated mAb

Sievers s Senter

counterpart, In addition, in the ease of CD22,
D33, and one of the wunconjugated HER2
antibodies, the unconjugated mAband thecon-
jugated mAb recognize different epitopes of the
target antigen. Despite these differences, the
clinical trialdata support the hypothesis thatan-
tibodies can be successfully-employed to deliver
potent cytotoxic agents to cancer cells, result-
ing in clinically meaningful activity exceeding
that. of unconjugated mAbs with manageable
toxicity. This section of the review focuses
on. ADCs that are or have been commercially
available and these in late-stage development.
Earlier-stage compounids are also briefly
discussed. Table 1 lists some of these ADCs.

Brentuximab Vedotin

Brentuximabvedotin is a next-generation ADC
that is approved for use in the United States and
is the first drug approved for HE in more than
30 years. Tt is composed of the chimeric mAb
cAC10, which is specific for hurnan CD30, as
mentioned above, and the auristatin MMAE, a
cytotaxic agent. The antibody is covalently at-
tached to an average of four MMAE molecules
per wAb tirough a protease-cleavable dipep-
tide linker. The ADC binds to the CD30
antigen: and undergoes rapid internalization
and prateolysis, leading to the efficient release
of MMAE inside the marget cells (35). Bren-
rurimab vedotin embodies the important ADC
design principles mentioned above: (4) an‘inter-
nalizing turnor-associated antigen that is min-
imally expressed on normal tissnes, (7) a hnker
that minimizes systemic drug release, () a con-
jugation technology that preserves the phar-
macokinetic properties of the mAb carrier, and
(d) a potent cytoroxic component that is
rapidly released upon exposure to intraceliular
proteases.

In 2011, brentuximab vedotin received
accelerated approval from the US Food and
Drug Administration (FDA) for the treatment
of HL after failure of autologons stem cell
transplant orafter at least two prior muld-agent
chemotherapy régimens in patients who are
not autologous stem cell transplant candidates.
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Table 2 Clinical efficacy of anconjugared apribodies anid relaved antibody-drug conjugates

; ' Unconj ugated antibody Conjugated antibody - E
Target !
(indication) Species - ORR (%) Reference: Species | ORR (%) Reference
CD22 (NHL) epratuzumah® 18 68 inotuzumab ozogamicin® 39-53 s2.bgob
CD30(IL) cACI10 [} 70b brentuximab vedaotin 75 11b
CD30-(ALCL) cAC10 17 70k brentuximab vedotin 86 A
CI33 (AML) lintuzumab? 15 71e gemuuzumiby ozogamicin? 26-30 424724
HER2 (MBCO) trastuzaraab 15-26 730 745 75¢ | erastuzumab emtansine 2664 13,7 39, 76,0 77,0

pertuzusuab’ 7 78"

Abbreviations: ALCL, anaplastic Jarge-cclt lymphoma; AML, acute mycloid leukemia; FIL, Hodgkin Tymphoma; MEC, metastatic breast-cancer; NHE,

nan-Hodgkin lymphoma; ORR, objective response rate.

"WUneconjugated and conjugated antibodies recognize the same aiitigen varget but different cpitopes:

*Refapsed ot refeactory disease.

“Praviously untreated (or meated with palliative therapy) ot in relapse after standard induction chernotherspy.

S ntredted Arst vecoriende.
“Previously untreated disease.

Accelerated approval was also granted for the
treatment of systemic ALCL after failure of
at Teast one prior multd-agent chemotherapy
regimen. The approved dose of brentuximab
vedotin is 1.8 mg/kg intravenously once every
three weeks for up to 16 treatment cycles. In a
piveral single-arm phase II trial in refapsed or
refractory HL patients, brencuximab vedotin

demonstrated an objective response rate of

75% and a durable complete remission rate
of 34% (11). In the subset of patients who
obtained a complete remission, the mediail
piogression-free: survival was 29.0 months
(36). Similarly, in a pivotal single-arm phase [1
trial in relapsed. ar refractory systemic ALCL
patients, brentuximab vedotin demonstrated
an objective response rate of 86% and a durable
complete rernission rate of 57%. Patients who
obtained a best response of complete remission
experienced a median progression-free survival
oF14.6 months (12). The robust clinieal efficacy
of the ADC brentuximab vedotin in patients
with relapsed or refractory HL. or systemic
ALCL contrasts with the modest clinical ac-
tivity exhibited by the unconjugated antibody
in clinical trials (Table 2), highlighing the
ohservation that ADCs can greatly enhance the
activity of the parent antibody. In both studies,
adverse events were generally grade 1 or 2 in

severity and were largely manageable with ci-
ther supportive care or dose reductions and/er
delays. Adverse events of grade 3 or higher
in hoth studies included. peripheral sensory
neuropathy, neutropenia, throwbocytopenia,
and anemia, Peripheral sensory neuropathy
was the most comrmon adverse event in
both studies, occurring in more than half of
patients who received brentuximab vedotin
(11, 12).

A total of four randorsized phase 1T
registrational trials will evaluate the porenial
efficacy of brentuximab vedotin in a variery
of clinical settings, including earlier lines
of treatment for HL and systemic ALCL as
well as new indications such as- cutaneous
T cell lymiphoima (CTCL) and othet mature
T cell lymphomas that cxpress the CD30
tirget antigen. One unmet clinical need is
repiesenited by those patients with HL whose
lymphonia recurs after antologous stem cell
teansplant. This tvetcally voung patient pop-
ulation has a median survival of only 2.4 years
(37). To address this pronounced unmet need,
a randomized placebo-contrelled phase I tial
is testing the hypothesis that post-transplant
administration of brentuximab vedotin will
prevent disease progression and improve ot~

comes (AETHERA trial; NCT01100502). To
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improve long-term outcomes in patients with
newly diagnosed CD30-positive lymphomas,
two planned international randomized phase
I trials will evaluate the inclusion of bren-
tuximab vedotin in the multi-agent treatment
of newly diagnosed advanced-stage HL and
matare T cell lymphoma. Additionally, a
fourth randomized phase IIL wxial is un-
der way comparing the clinical activity of
brentuximab vedotin with methotrexate or
bexarotene (physician's choice) in patients with
CI330-positive CTCL (NCT0158499),

Trastuzumab Emtansine

Trasmzumab cmtansine (T-DML), as de-
scribed above, is an ADC formed by the
conjugation of the waytansineid DM1 with
the anti-FHER2 mAb trastuzumab through a
noncleavable linker. Currenty, T-DML1 is the
only ADC in late-stage clinical development
for metastatic breast cancer that overexpresses
the HER2 antigen (38). The unconjugated
antibody trastuzuimab, available commercially
as Herceptin®, was originally developed for
the treatment of the 15%-25% of breast cancer
cases that exhibit protein overexpression of
HER2. Typically, trasuzumab is used in
combination with conventional chemothetipy
for first-line weatment of these breast canéers.
However, trastuzumab has also been used as a
single agentin the treatment of HER2-positive
netascatic breast cancer, demonstrating objec-
tive response rates ranging from 15% ro 26%.
Conjugation. of the cytotoxic agent DML to
trastuzumab offered improvements in objective
tesponse rates, with single-agent efficacy
in HFIER2-pogitive memstatic breast cancer
ranging from 26% to .64% (Table Z). It is
important ¢ note that in these trials, T-DM1
was active against retastatic breast cancer that
was previously resistant to trastuzumab-based
therapy, highlighting the importance of the
cytotoxic DM component.

Tnaddition to improved efficacy, the target-
ing of chemotoxic agents using a mAb in ADCs
should provide an improved safety profile com-
pared to traditional chemotherapy: A head-to-

Srevers » Senter

head randomized phase TT study was conducted
in previously untreated merastatic breast can-
cer patients comparing the safety and efficacy
of single-agent T-DM1 with trastuzumab: in
combination with the chemotherapeutic agent
doceraxel, the standard of care in the front-
line setting. Preliminary topline results from
this stody demonstrated a somewhat higher ob-
jective response rate (64% versus 58%) and
rmedian progression-free survival {14.2 months
versus 9.2 months) in the single~agent T-DMI1
group, but a lower.rate of grade 3 or 4 adverse
events (464% versus 89.4%) and treatment
discontinuations due to ddverse events (7.2%
versus 28.8%). Furthermore, many side effects
associated with ‘conventional chemotherapy,
such as diarrhea, neutropenia, rash, nearopa-
thy, and alopecia, were less prominent in pa-
tients treated with single-agent T-DM1 com-
pared with trastuzumab in combination with
conventional chemotherapy (39). This study il-
lustrates how antigen binding in' ADCs may
help imprové the therapeuticindex by focusing
exposure to the cytoroxic agent on. tumor cells.

Building on results from phase T and
phase 1T clinical wials, EMILIA, a randomized
épeu—lubel phase I trial, explored the safery
and efficacy of single-agent T-DMI in patients
with HERZ-positive locally advanced or
“breast cancer. Either single-agent

lapatinib was administered to 978 patients.
The primary cndpoints were progression-free
survival, overall sucvival, and safety. Patients
treated with T-DM1 showed significantly im-~
proved progression=free survival compared to
those treated with lapatinib plus capecitabine
(9.6 months versus 6.4 months; p < 0.0001).
Median overall survival was notreached in the
T-DM]! arm, but the one-year and two-year
overall survival rates showed a trend to be
higher in the T-DMI1 arm (one-year: 84.7%
versus 77.0%; two-year: 65.4% versus 47.5%).
Single-agent T-DM1 was well rolerared, and
the most conunon adverse events with severity
of at least grade 3 were thrombocytopenia
{12.9%), increased aspartate amino wransferase
levels (4:3%), and increased alanine arino
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transferase  levels (2.9%) (40). Two other
phase Il studies are currently under way:
MARTANNE (NCT01120184), which com-
pares the safety and efficacy of single-agent
T-DM1 with trastuzumab/permizuinab  or
trastuzumabi/taxane  combination  therapy
in the first-line sewing, and TH3RESA
(NCT01419197), which compares T-I2M1
with ‘trearmént of the physician’s choice
in inetastatic bresst cancer patients who
have already received two prior regimens of
HER2-direcred therapy.

Gemtuzumalh Ozogamicin

Gemtuzumiab. ozogamicin (CMA-676; GO)
is an ADC composed of a DNA-binding
calicheamicin derivative coupled to a hu-
manized IgG4 mAb directed against CD33,
a normal myeloid cell surface antigen that
is present on leukemia tumors in ~90% of
patients with acute mye].oid leukemia (AML)
(1), Tr was thie first ADC to receive marketing
authorization in the United States, receiving
accelerated approval froma the FDA in 2000 (sce
above) for the treatmentef patients with CD33-
positive AML in first relapse who are 60 years
of age or older and who are not considered
candidates for other cyvotoxic chemotherapy
(18). Approval was granted on the basis of
results from three open-label single-arm phase
T trials in a total of 142 patients in which 30%
of patients obtained complete temission or
complete remission with. incomplete platelet
recovery (42): However, clinically meaningful
GO-related hepatotoxicity was reported in
some patients (43, 44). This toxic eéffect
led to the addition of a boxed warning for
hepatotoxicity in the US label for GO in 2001

In dssociation with the accelerated ap-
proval, the sponsor and FDA agreed to the
design and execution of a randomized phase
11X ial (SWOG 106) in arder to confinm evi-
derice of clinical benefit. This study compared
GO-containing induetion therapy (45 mg/m’
dauncrubicin, cytarabine, and GO) with stan-
dard induction therapy (60 mg/m’ daunoru-
bictn and cyrarabine)in first-line AML patients

under the age of 61. Unfortunately, no ap-
parent benefit of GO was observed with re-<
gard to achievement of complete remission
(GO-containing arm: 66%:; control arme: 69%)
or relapse-free survival (hazard ratio = 1.00,
p = 0.50}. Additionally; patients in the GO-
containing arm experienced a higher induction
death rate (GQ-containing arm: 5.8%; control
arm: 0.8%; p = 0.002) (45). Crities of the study
point out thar the dose of daunorubicin was
lower in patients in the GQ-containing arm,
which may have masked further benefivof GO
in induction. In addidon, the induction death
rate in the control arm (0.8%) was much lower
than the rate seen in other chemotherapy tri-
als of patients utider age 61, suggesting that the
trial’s findings might not represent.a realistic
picture of the clinical benefit or rigks of GO
(46, 47). Dspite these uncertainties raised in
the medical literature, Pfizer voluntarily with~
drew GO from the market at the request of the
FDA in June 2010.

Results of recent phase I trials suggest
GO may confer meaningful clinical benefit for
certain patient subpopulations. Together, the
open-label trials AML15 and AML16 randem-
ized 2,228 patients tareceive induction therapy
with or without 3 mg/m?® GO Irhath to als, ine-
duction therapy containing (GO was well toler-
ated withdut vnactenrable increases in toxicity.
The AMLLS erial showed'» significant susvival
beniefit for GO-¢ontaining induction therapy
in younger AML partients with favorable-risk
cytogenetics (five-year overall survival: 79%
with GO, 51% without GO; odds ratio = 0.32)
(#6). AML16 showed a significant survival
benefit in older AML. patients regardless. of
cytogenetic status {two-year overall survival:
35% with GO, 29% without GQ; p = 0.04)
(48). The phase Il open-label ALFA-0701 trial
investigated induction therapy with or without
lower, fractionated doses of GO (3 mgim® on
days 1, 4, and 7). The rationale for the lower
3 mg/m? dose was based on the responses
to lower doses of GO in the initial phase I
stadies, and dose fractionation is supported
by the rapid re-expression of CD33 molecules
observed after first exposure. This approach
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WHI: non-Fodgkin

Tvmphoma(s)
ALJ: acute
tymphocytic
leukemia(s)

DLRCL: diffuse large

B cell lymphama

24

was remarkably successful, Time-to-endpoint
assesEMEnts event-free  survival
{15.6 months versus 9.7 months}, relapse-frae
survival (28.1 months versus 114 menths),
and overall survival (34.0. months versus
19.2 months) wete significantly more-favorable
for patients in the GO-containing arm (49).
The significant survival benefits observed in
these phase 1T studies suggest that induction
regimens containing GO may have an impor-
tant Future role in the treatment of patients
with good- or intermediate-risk AML (47).

including

Inotuzamab Ozogamicin
Inotuzumab ozogamicin (CMC-544) consists
of 2 humanized anti-CD22 1gG4 mAb con-
jugated o a calicheamicin derivative by an
acetyl butyrate linker that targets the normal B
cell surface antigén CD22, which is expressed
on the majority of non-Hodgkin lymphoas
(NHL)and acute lymphocyticleukemias (ALL)
of B cell derivation (41, 50, 51). Akin to the rel-
atively restricted maturational expression of the
normal myeloid antigen CD33, the B cellanti~
gen CD22 does notappear to be meaningfully
expressed by either lymphocyte progenitors or
menory B cells—possibly resulting in lower
chronic immunosuppression than might be
abserved 1n the context of comprehensive B
cell ablation obtained by other agents (52, 53).
Promising preliminary evidence of in-
ozogamicin antitumor  activity
was. abserved in several single-arm trials. In
the first dosc-escalation trial, inotuziimah
ozogamicin was administered to 79 patients
with ritltiple-relapsed or treatment-refractory
B cell lyinphomas as an intravenous infusion
every three or four weeks at doses ran ging from
0.4 to 2.4 mg/m?. Thrombocytopenia and
neutropenia were observed more cominonly at
higher dose levels, and the maximum tolerated
dose was defined as 1.8 mg/m? delivered evéry
three weeks. Thrombocytopenia not associated
with clinically meaningful episodes of hemor-
rhage was the most notable recurrent adverse
event. With the intention of allowing greater
tiine for platelet recovery, an expansion cohort

oruzainak
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increased the dosing interval to four wecks.
The overall response rate was 39% across
various lymphoma subtypes and dose levels
(52). Similarly, 2 57% -overall response rate
was observed in an exploratory phasc IT trial
in 49 adults and children with relapsed ALL
(54). Because allogeneic hemaropoietic stem
cell transplantation is particalatly useful as a
meang 6f securing long-term leukemia control
atnong patients with relapsed ALL whe schieve
rernission, it is also notable that a strategy em-
ploying inoruzumaly ozogamicin consolidated
hy allogrsft was reasonably well rolerated and
appeared to emable a proportion of patients to
achieve and maintain durable remissions (55).

On the basis of these collective findings,
multiple randomized trials in ditfuse large B
¢&ll tymphoma (DLBCLY) and ALL are likely
to help define the utility of this novel ADC
ANCT01232556 and NCT01564784). Dana
from these randomized trials should enable
regilarors and clinicians to determine if ino-
tuzumab dzogamicin provides greater clinical
benefit than existing treaument approuches
in patients with relapsed ot refractory B cell
cancers.

Early-Stage ADCs

In addition to the later-stage and commercially
used ADCs discussed above, many ADCs are
in early-stage clinical testing (Lable 1). CDX-
011 (glembatumumab vedotin) is an ADC it
phase If testing that consists of the auristatin
MMAE conjugated to a mAb that recognizes
GPNMB, a novel glycoprotein often expressed
at higher levels in melanoma and breast tumars
celitive to normal tissue. In a phase LI
trial in patients with unresectable late-stage
melanoma, CDX-011 showed overall response
rafes ratiging from 14% to 19% depending
on dosing Srequency and GPNMB expression
fevels (86, 57). In breast cancer, GPNMB
cxpression is associated with poor eutcomes in-
cluding reduced progression-free survival and
overall survival, This is consistent with results
in a clinical trial of heavily pretreated breast
cancer patients, which showed an asseciation
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between GPNMB expression and improved
outconies following CDX-011 treatiment, with
an objective résponse rate of 29% in GPINMB-
positive patients and 0% n GPNMB-negative
“patients (56, 58). A randomized phase 11 study-
is currently under way in advanced breast
catieer patients comparing the safety and
efficacy of chemotherapy of the investigator’s
choice ro CIIX-011 (NCTOI156753).

Another ADC in early-stage clinical testing
is SAR3419, a maytansinoid-based ADC tar-
geting CD19 in B cell malignancies. Ina phase
/1L spady in patients with relapsed or refrac-
tory CD19-expressing B cell NHL, including
follicular Iymphoma and DLBCL, 32% of pa-
tients achieved an objective response, including
six complete remissions. SAR3419 exhibited a
nianageable safety profile with no evidence of
myelosuppression (59). SAR3419 is currently
being tested in phase I trials in patients withre-
lapsed or refractory DLBCL (NCTO1472887)
and ALL (NCT01440179).

FUTURE DEVELOPMENTS

The use of ADCs as therapeutics is a new field
driven by innovation at all levels of develop-
juesit. At the preclinical Jevel, novel antigen
rargers for drug delivery are being discovered
@, 32). These include antigens found en both
hematologie and solid tumors. A great deal of
research is also underway to define new highly
potent drugs that are appropriate for ADC ap-
plicarions, These inchude the DNA-alkylating
agents dupcarmycins and  pyrrolobenzodi-
azepine dimexs, as well as the RNA polymerase
inhibitor amanitin (60-62). These drugs may

DISCLOSURE STATEMENT

complement the activities of the auristatins and
other drugs that are currently in advavced clin-
ieal wrials. Other advaricements heing made in
the field inchude site-dirécted mAb mutations
with both natural and unnatural amine acids
that permit specific drug atrachment and moré
wniform prodaction of ADCs with specific
drug/mAb ratios (63, 64). Besides having more
predicrable pharmacokinetics, such conjugates
may provide advantages in terms of olerability
(63) and stability (65). Finally, a considerable
amount of research has been direcred toward
antihody alternatives that might: penetrate
solid tumors more efficientdy thai mAbs
(66). Localization studies with an antibody
fragment-drug conjugate devived from a did-
body (imolecular thass 26 kDa) demonstrated
cumor localization. The disadvantages of this
copstruct  were higher-than-normal tissue
exposure and rapid blood cleararee, Despite
these sharrcomings, the diabady-based ADC
showed antitumor activity at tolerated doses
in preclinical models (67). Further studies are
needed to establish the potential of non-lgG
scaffolds for ADC drug delivery.

The use of ADCs has ushered in-a new era of
immune-based treatments for cancer. The cou-
pling of novel highly potent cytotoxic agents
with carefully engineered antibodies has pro-
vided tneaningful improvements 1o clinical ae-
tivity over unconjligated antihodies. The design
of niovel linkersand.n ew conjugation technolo-
gies have enabled further improvements in sta-
bility and tolerabilicy. Further honing of ADC
technology along with active clinical develop-~
ment programs will lkely provide new treat-
sments for patients with previously unmet needs.

The authors are employees of Seattle Genetics, Inc., and receive salary- and equity-based

renyuneration.

ACKNOWLEDGMENTS

The authors acknowledge the medical writing assistance of J. Christian Hesketh, employed by

Seattle (Genetics, Jne.

wwwannaalieviewsovg # Antibudy-Lrug Cargiegates

OnCusp
Ex. 1002



by Niantorg University - Mam Lampus- Lane Medical Lifwary onus/ 1% 3. For persona use oniy:

5554 of 14295

26

LITERATURE CITED

1.

19

20.

2L

22.

23.

24.

Reichert JM, Rosensweig CJ, Faden LB, et al. 2005. Monoclondl antibody suceesses in the clinic.
Nat. Biotechnol. 23:1073~78

. Senter PD. 2009 Potent antibody drug conjugates for cancer therapy. Cur. Opin. Chem: Biol. 13:235-44
. Teicher BA, Chari RV, 2011. Antdbody conjugate therapeutics: challenges and potential. Chn. Cancer Kes.

17:6389-97

_ Chari RV, 2008. Targeted cancer therapy: canferring specificity to cytotoxic drugs. Ace. Chemn. Res, 41:98—

107

 Waht AF, Klusswan K, Thempson JD, et al. 2002, The anti-CD30 menaoclonal antibady SGB-30 pro-

motes growth arrestand DNA fragrentation in vitro and affects antinimor activity in models.of Hodgkin®s
discase. Cancer Res. 62:3736-42 '

Stein H, Foss HD, Durkop H, et al. 2000, CD30% anaplastic large cell lymphoma: a review of its

histopathologic, genetic, and dlinical features. Blood 96:3681-95

. Falini B, Pileti §, Pizzolo (3, etal. 1995. CD30 (Ki-1) maolecule: a new cytokine receptor of the tamor

necrosis factor receptor superfamily asa tool for diagnosis and immunotherapy. Blood 85:1~14

. Francisco JA, Cerveny CG, Meyer DL, et al. 2003, cAC10-veMMAL, an anti-CD30-monomethyl auri-

statin B conjugate with potent and selective antitumor activity. Blood 102:145 8§55

. Oflazoglu E; Kissler KM, Sievers EL, et ak. 2008. Combination of the anti-CD30-auristatin B antibody-

drug conjugate (SGN=35) with chemotherapy improves antitumout activity in Hodgkin lymphoma.
Br. 7. Haematol. 142:69-73

. Lewis Phillipy GD, 14 G, Dugger DL, &t 4l 2008, Targeting TIER2-positive breast concer with

trasturiinab-DMT, an antibody-cytotoxic druyg conjugate. Cancer Res, 68:9280-90

_ Younes A&, Gopal AK, Smith SE, et al. 3012, Results of a pivotal phase Il study of brentuximab vedotin

. Clin. Oneol, 30:2183-89

for patients with relapsed or refractory Hodgkin’s lymphoma.

. Pro B, Advani R, Brice P eval. 2012 Brentudmab vedotin (SGN-35) in patients witli relapsedor refractory

systemic anaplasticlarge cell lymphorma: results of a phase 2 study. F, Clin. Qneel. 30:2190-96

. Krop IE, Beeram M, Modi S, et al, 2010. Phase L'study of trastrzumab-DM1, an HER2 antibody-drug

conjugate, given every 3 weeks to patients with HER2-positive metastatic breast cancers J. Clirs. Oneol.
28:2698-704

. Law CL, Cerveny CG, Gordon K&, et al. 2004, Efficient elimination of B-lineage lyrnphomas by aati-
3 ge yryp A

CD20-auristatin conjugates. Cli, Cancer Res. 10:7842-51

 Smith LM, Nesterova A, Alley 8C, eral. 2006, Potent cytotoxicity of an auristatin-containing antibody-

drug conjugare wrgeting melanomia cells expressing melanotrapsiorrin/pQ7. Mal, Canver Ther. §:1474-82

. Alley SC, Zhang X, Okeley NM, et al. 2000: The pharmacolagic hasis for-antibody=auristatin conjugate

activity: J. Pharmincol. Foep. Ther. 330:932-38 .. .

Thurber GM, Schmide MM, Wittrup KD. 2008, Aitibedy tumor penétration: transport opposed by

systermic and ant wen-mediated cléarance, Adv. Drug Dele. Rew. 60:142 1-34

. Bross PE, Beitz J, Chen G et al. 2001. Approval summary: gemtugumaby oroganicin in relapsed acute

myeloid leukemia. Clin. Cancer Res. 7:1890-96

Sievers EL. 2003, Antibody-rargeted chemotherapy of acate myeloid Jeukeinia wsing gemtuzuiniab
ozogamicin (Mylotarg). Blood Gells Mol Dis. 31710

Slamaon DY, Leyland-Johes B, Shak §, et al. 2001, Use of chemetherapy plusa monacionsl antibody against
HER? for metastatic breast cancer that Overexprosses HER2. N. Engl, §. Med. 344:783-92

Juntila TT, Li G, Parsons K, et-al. 2010. Trastuzumah-DMI (T-DMI) retains all the mechanisms of
action of trastuzumab and efficienty inhibits growth of lapatinib insensitive breast cancer. Breast Cancer
Rei. Treat. 12834756

Mao W, Luis E, Ross 8, et al. 26004 EphBZ as a therapeutic antibody druy target for the treatment of
colorectal cancer. Caneer Res. 64:781-88

Erickson HK, Widdison WC, Mayo ME; etal. 2010. Tumo delivery and in vivo processing of disulfide-
Jinked and thioether-linked antbody-maytansinoid conjugates. Bioconjing. Chiean. 21:84-92

Farann PR, Hinman LM, Hoellander 1, et al: 2002, Gemtuzumaby ozogaTicin, A potent and seléctive
anti-CD33 antibody-calicheamicin conjugate for treatment of acute myelaid Jeukemia. Bioconjug. Chem.
13:47-58

Sievers « Senter

OnCusp
Ex. 1002



vy-on U37E8/13. FOY personal use onty.

aJ

[ DIBNIOTG Lnversity - M3In Lampus - Lane Medat LIDE:

235

26.

27.

28

29,

30.

3L

32.

33,

41,

42,

43.

45,

5555 of 14295

Boghaert ER, Khandke KM, Sridharan L, et al. 2008. Petenmination of pharmacokinetic values af
ealicheamicin-antibody conjugates in mice by plasmon resonance analysis of small (5 microl) blood sam-
ples. Cancer Chemnother. Pharmacol. 61:1027-35

Sanderson R, Hering MA, James SF, etal. 2005 Invivo drug-linker stability of an anti-CD 30 dipeptide-
linked auristatin immunoconjugate. Clin: Cuncer Res. 11:843-52

Senter P, Sievers EL. 2012, The.discovery and development of brentuxitnab vedotin for use’in relapsed
Hodgkin lymphoma and systernic anaplastic large cell lymphoma..Nat. Biotechnol. 30:631-37

Erickson HEK, Park PU, Widdison WC, et al, 2006. Antibady-maytansinotd conjugates.are activated in
targeted cancer cefls by lysosmmal degradation and linker-dependent intracellular processing. Cancer Res.
66:4426-33

Doronina SO, Mendelsohn BA, Bovee T, et al. 2006 Enhanced dctivity of monomethylauristatin F
through monoclonal antboedy- delivery: effects of linker teclinology on efficacy and roxicity. Bioconjteg.
Clens. 17:114-24 c

{lamblett KJ, Senter P, Chace DF, et al. 2004. Effects of drug loading on the antitumor activity of
monoclonal antibody drug conjugate. Clin, Cancer Res. 10:7063-70

Carter 1. 2008. The newrvendocrisie wimors of the lung, 1926-1998: some historical observations.
Semin, Diwgn. Pathol. 25:154-65

Alley $C,, Okeley NM, Senter PD. 2010. Antibody-drug conjugates: rargeted drug delivery for cancer.
Curr: Opine. Chents Biol. 14:529-37 '

Deoronina SO, Toki BE, TorgovMY, et al. 2003, Development of potent ranocional antibody auristatin
comjugates for cancer therapy. Nat. Biotechnol. 21:778-8%

. Thorson |'S, Sievers EL, Ahlert], et ak. 2000, Understanding and exploiting nature’s chemical arsenal: the

past, presentand future of calicheamicin research. Curr, Pharit. Des. 6:1841=79

. Katz ], Janik JE, Younes A. 2011, Brentugimab vedotin (SGN=35). Clin, Cancer Res. 17:6428-36
Smith §, Chen R, Gopal A, et al. 2012, Long-term follow-up results of an ongoing pivotal study of

brentuxinusb vedotin in patients with rclapsed or refractory Hodgkin lymphoma (HL). Bur, Henratol.
Assoe. Awm, Meet. Abser., Abswr. 1109

. Horning S, Fanale M, d¢Vos 5, et al. 2008. Defining a population of Hodgkin fymphoma patients for

novel therapeuties: an international effort. dw. Oncel. 19:118

. LoRusso PM, Weiss D, Guardino E; et al. 2011 Trastuzuinab entansine: a unique antibody-drug con-

jugate in development for human cpidermal growth factor receptor 2-positive canger. Clin. Cancer Res.
L 71643747

 Hurvitz 8, Dirix L Koesis J, eval. 2011 ORAL trastuzumab emtansine (T-DM1) vs wrastuzunab plus

docetaxel (F1+T)in previcusly-untreated HER2-positive metastatic breast cancer (MBCQ): primary results
of a randamized, multicenter, open-tabel phase 1L study (TDM4450g/BO2 1976). Enr. Multidiscip. Cancer
Clngr., Ahstr, 5001 ; :

. Blackwell KL, Miles I, Gianni L., et al, 2012, Primary results from EMILIA, a phase TII study of

trastuzumab cmtansine (T-DMI1) versus capecitabing (X} and lapatinib (I} in HER2-positive locally
advanced or metastatic breast cancer (MBC) previously weared with rasruzumab (1) and taxane. F. Clin:
Cicol. Meet, Abstr., Abstr, 1.BAL

Ricare AI3. 2011, Antibody-drug conjugates of calicheawicin derivative: gemuazumab oxngamicin and
inotuzumab ozoganicin. Clin. Cancer Res. 17:6417-27

Sievers EL, Larsoni RA, Stadtmaver EA, et al. 2001, Efficacy and safety of pemtuzumab ozogamicin in
paticnts with CID33-~positive acute myeloid levkemia in fivst retapse. F. Clise. Qnrol. 19:3244-54

Giles ¥J, Kantarjian FIM, Kornblau SM, er al. 2001. Mylotarg {gemtnzainab ozagamicin) therapy is
associated with hepatic venoocclusive disease in patients who have nne received stem cell transplantation.
Crncer 92:806--13

. Rajvanshi P, Shulman HM, Sievers EL, et al. 2002. Hepatic sinusoidal obstruction after gemtuzumab

ousgamicin (Mylotarg) therapy. Blavd 99:2310-14
Petersdorfs, Kopecky K, Stuart RK, ot al. 2009, Preliminary results of Southwest Oncology Group Study
SO106: an international intecgroup phase 3 candomized teial comparing the addition of gemtuzunab

Firnoss A

Ww. wsiong « Awtibody-Drug Confug

27

OnCusp
Ex. 1002



by Stantord Unversity - Mam Lampus - Lane Niedieat Library onusi 18/13. ot personas use.enly.

5556 of 14295

24

46.

47.

48.

49,

50,

Sl

52.

56.

57,

58.

59,

60,

61.

63.

64,
65

ozogamicit to standard induction therapy versus standard induction therapy foltowed by & second ran-
domization to pest-consolidation, gemtuzumab ozogamicin versus no addidonal therapy for previously
untreated acute myeloid feukemia. Awe. Soc. Henzatol. Anm Meer. Abstr., Abstr, 790

Burnett AK, Hills RK, Milligan D, exal. 2011, Identification of patients with acute:myeloblastic leukemia
who benefit from the addition of gemmzwmab ozoganiicin: results of the MRC AMLIS wial. . Clin
Oneol. 29:369-77

Ravandi F. 2011, Gemtuzumab ozogamicin: one size does not fit ali—the case for personalized therapy.
. Cin. Qneol, 29:349-51

Burnere AK, Hills RK, Hunter AE, etal. 2011. The addition of gemiuzumab pzogamicin to intensive
chemotherapy in dlder patents with: AML produces a significant improvement in overall survival: results
of the UK NCRT AML16 randontized trial, dmz. Sec Hemuarol. Anii, Nieet, Abstr., Kbstr. $82

Castaigne S, Pautas G, Terré C, ex al. 2012 Effecr of gemuizumab ozogamicin on survival of adult
patients with de-hovo acute myeloid leukaemia (ALFA-0701): a randomised, open-label, phase 3 soady.
Lancet 379:1508-16

Mason DY, Stein H, Gerdes [, et al. 1987. Value of monoclonal anti-CD22 (p135) antibodies for the
derection of normal and neaplastic B lymphoid cells. Bluod 69:836-40

Olcjniczak SH, Stewart CC, Donohue K, et al. 2006. A quantitative sxploration of surface andgen. ex-
pression in common B-cell maligiancics using flow cytometey. Immanel. Invest. 35:93-114

Advani A, Coiffier B, Czuczman MS, et al. 2010, Safery, pharmacokinedcs, and preliminary clinieal ae-
tivity of inotuzumab. ozegamicin, a novel imsmunocenjugate for the treatment of B-cell non-Hodgkin's
lymphioma: results of a phase 1 study. . Clin. Oncol. 28:2085-93

. Vaickus L, Ball ED, Foon KA. 1991, Immune rarkers in bematologic maalighancies. Crir. Riw. Oncol.

Heraatal. 11:267-97

. Kantarjtan H, Thomas D, Jorgensen J, et al. 2012, Tnotuzumsh ozoganticin, an anti- CD22-calecheamicin

conjugate, for réfractory and relapsed acure lymphoeytic lenkaemia: a phase 2 study. Lancet Oncol. 13:403-
11

. Kebriaei P, Withelm X, Ravandi F, eval. 201 L. Inotuzab azopamicin (10) isan effective salvage dherapy

thatallows for allogeneic hematopoietic sten cell transplantation (FISCT) in remission in patients with
advanced acute [ymphoblastic leukemia (ALL). A»1, Soc. Hemaial, dvoiy. Meet; Abstr, Abstr. 3102

Rose AA, Grosset AA, Dong Z, et al, 2010. Glycoprotein nonmetastatic B is an independent prognostic
indicator of recurrence and a novel therapéutic rarget it breast cancer. Clin. Cancer: Res. 16:2147~56
Haitid O, Sznol M, Pavlick AC, et al, 2010, Frequent dosing and GPNMB expression with CDX-011
(CRO11-veMMARE), an antibody-drug conjugate (ADC), in patients with advanced melanoma. Am. Soe.
Climr. Oneol. Meet. Abser., Absur, 8525

Saleh MIN, Bendell JC, Rosc A, et al. 2010, Correlation of GPNMB expression with outcome in breast
cancer (BC) patients treated with the antibody-drug conjugate (ADC), CDX-011 (CRO11-ve MMAE).
Az, Soe. Clim. Onenl. Meer. Abser., Absir. 1095 .

Coiffier B, Ribrag V, Dupuis J, et.al. 2011, Phase I/ study of the ant~CID19 maytansinoid tmmuno~
conjugate SAR3419 administered weekly to patients {pts) with relapsed/refractory B-cell non-FHodgkin
lymphoma (NHL). iz, Soc. Clise. Oneal. Meet. Abser., Abste, 8417

Beck A, Senter P, Chari R. 2011, World Antibady Drug Conjugate Summit Europe: Febraary 21-23
2011; Frarikfurt, Germany. MdAbs 3:331-37

Hartley JA, Hamaguchi A, Coffils M, et al. 7010, 802285, a novel C2-aryl-substituted pyrrolobenzo-
diazepine dimer prodrug that cross-links DNA and exerts highly porent antiramor activity. Cancer Res.
70:6849-58

. Moldenhauer G, Salnikov AV, Lutrgau S, et al: 2012 Therapeutic potential of amanign-corjugated anti=

epithelial cell adhesion molecule onoclanabantibedy dzainst panereatic carcinama, 7. Natd. Cancer Inst.
104:622-34

Junuttula JR, Raab H, Clark §, et al. 2008. Sitesspecific conjugation of a cytotoxic drug. vo.an antibody
improves the therapentic index. Nat. Biotechnol. 26:925-32

Carter PJ, Senter PD. 2008, Antibody-drug conjugates for cancer therapy. Cuier §, 1415469

Shen B, Xu K, Liu L, etal. 2012 Conjugation site madalates the in vivo stability and therapeutic activity
of antibody-drug conjugates. Nuk. Biotechsiol. 30:184-89

Sievers o Sewter

OnCusp
Ex. 1002



Y.

£y STantord University ~ Main Lampus - Lane Medicat LIbrary on U3 18713, FOT PErsanal use ont

B

5557 of 14295 l?n(lj:)l(s)g
X.

66. Fricdman M, Nordberg E, Hoidén-Guthenberg I, et al. 2007, Phage display selection of Affibody
molecules with specific binding w. the extracellular domain of the epidermal growth factor receptor.
Protein Eng. Des. Sel. 20:189--99

67. Kim KM, McDonagh CF, Westendorf L, et al. 2008. Anti-CD30 diabody-drug conjugates with potent
antitumor activity. Mol. Cancer ‘Ther. 7:2486-97

68, Leonard JB, Coleman M, Ketas JG, et al. 2003, Phase /I trial of gpratuzumab (humanized anti-CD22
antibody) it indolent non-Herlgkin's tymphoma. 7. Cliz. Oncal. 21:3051-59

&Y. Goy A, Leach J, Ehmann WE, et al, 2010. Inotuzumab ozogamicin (CMC-544) in patients with indolent
B-cell NHL that is refractory to rituximab alone, sitaximab and chematherapy, or radivimmunotherapy:
preliminary safery and efficacy from a phase 2 wial. A Soc. Henatol, Anv: Meet. Abstr., Abstr. 430

70. Forero-Torres A, Leonard JP, Younes &, ¢t al. 2009. A phase II study of SGN-30 {anti-CD30 mAb) in
Flodgkin lymphoma or systemic anaplastic large. cell lysuphoma. Br. F. Haemarol. 146:171-79

71. Raza A, Jurcic JG, Feldman EJ, eval. 2009. Prolonged exposure to lintuzomah monotherapy in acute
myeloid leukemia and myelodysplastic syndromes—results of a phase 1 wial. Bur. Hematol. Assoc. Annt.
Meet. Abstr., Abstr. 833

72. Larson RA, Sievers EL, Stadtmauer EA, etal. 2005. Final report of the efficacy and safety of gemuuzumab
szogamicin (Mylotarg) in patients with CD33-positive acute myeloid leukemiain first vecurrence. Cancer
104:1442-52

73. Cobleigh MA, Vogel CL, “Tripathy D, et al. 1999, Multinational swdy of the efficacy and safety of
hummanized anti-HER2 monoelonal arstibody in women who have HER2-overexpressing metastatic breast
cancer thit has progressed after chemotherapy far metnstatic disease. 7. Clin. Oneol. 17:263 9-48

74, Baselga J, Carbonell X, Castaneda-Soto N, et-al. 2005, Phase IT study of efficacy, safety, and pharaa-
colinetics of wastuzumab monetherapy administered on a 3-weekly schedule. 7. Clin. Oneal. 23:1 16271

75. Vogel CL, Cobleigh MA, Tripathy D, ctal. 2002, Efficacy and safety of trastuzamab s 4 sifgle agent in
firse-line trearmeint of IRR2Z-nverexpressing metastatic breast cancer. J. Clin. Oneol. 20:719-26

76. Burris FIA 3rd, Rugo. HS. Vukelja §J, et al. 2011, Phase II study of the antibody drug comjugate
trastuzainab-DM L for the treatment of human epidermal growth factorreceptar 2 (FHIER2)-positive breast
canger after prior HER 2-directed therapy. F. Clin. Onvol. 29:398-405

77. Krop I, Lorusso B, Miller K, et al. 2010. A phase 2 study of the HER2 antibody-drug conjugate
wrastuzuinab-DMI in paticnts with FIER2-positive metastatic breast cancer’ previously treated with
crastuzuniab, lapatinib; and chiemotherapy. Ewr. Soe. Med. Oncol. Meet. Abstr., Abstr. 5082

78. Clortes ], Baselgs J, Petrella T, eval. 2009, Perrozanasb monotherapy following rrastuzumab-based treat-
mient: activityand tolerability in paticnts withadvanced HERZ-positive breast cancer. . Soi: Clia: Oneol.
Meet. Absrr., Abstr. 1022 R

www.anpuslreviews.org o Autibody-Drug Conjugates 29,



Ly Mantord niversity:- Main Lamiplis - Lane Medical Library on V31813, For personal use omty:

5558 of 14295

Contents

Abiraterone and Novel Antiandrogens: Overcoming Castration
Resistance in Prostate Cancer
R. Ferraldeschi, C. Pezaro, V. Karavasilis, and J. dé Bono .......... e 1

Antibody-Drug Conjugates in Cancer Therapy
Eric L. Stevers and Peter D Semter s ETEDDTR DRI R RRS 15

Circulating Tumor Cells: From Bench to Bedside
Mavija Balic, Antbony Williaas, Henry Lin, Ram Datar, and Richard J. Cote ...c..... 31

Cytokines, Obesity, and Cancer: Wew Insights on Mechanisms Linking
Obesity to Cancer Risk and Progression
Caundace A, Gilbert and Joyce M. Slingerland .. o.ocoooovirvin s e i 45

Glioblastoma: Molecular Analysis and Clinical Implications
Fason T. Huse, Eric Holland, und Liva M. DeAngelts ..o 59

Harnessing the Power of the Immune System to Targer Cancer
Gregory Lizée, Willem W Overwijk, Lasslo Radvanyi, Fianjun Gao,
Padmance Shayma, and Patrick Hwn . cooooo i 71

Human Papillomavirus Vaccines Six Years After Approval
Aban R. Shawp oo iooviivonnn- ke eh e n e e e SR et v £ ¢ s S 91

Reduced-Intensity Hematopoietic Stem Cell ‘Transplants for
Malignancies: Harnessing the Graft-Versus-Tumor Effect
Saar Gill and David L. Porter ..o v e e 101

The Need for Lymph Node Dissection in Nonmetastatic
Breast Cancer
Catherine Pesce and Mownica Movrow ..........cooone e e s e 119

The Role of Anti-Inflammatory Drugs in Colorectal Cancer
Dingzhi Wang and Rayrsond N. DuBois ..o vt n o U PR PP 131

“The Human Microbiome: From Symbiosis to Pathogenesis’ :
Emiley A. Eloe-Fadvash and David A. Rasko. ...ooovvriismiormss 145

The Rotavirus Saga Revisited
AL R SHAW e eoeees i oves e e e s 165

Annual Review of

Medicine

Volame 64, 2013

OnCusp
Ex. 1002



versity --Mam Campiss - Lane Medi€al Labrary on UsHI8 15, For personat use onty.

py dtantora Ly

5559 of 14295

i

Staphylococcal Infections: Mechanisms of Biofilm Maturation and
Detachment as Critical Determinants of Pathogenicity
MChEL OO . oeoee e ms e s s 175

Toward a Universal Influenza Virus Vaccine: Prospects and Challenges
Natalic Pica and Peter Palese ..ooooooovvvinie e e ke g e v e e e 189

Host Genetics of HIV Acquisition and Viral Control
Patrick R. Shea, Kevin V. Shianna, Mayy Carvington,
and David B. GoldStein . ......oooviiomsssnmannsnn 203

Systemic and Topical Drugs for the Prevention of HIV Infection:
Antretroviral Pre-exposure Prophylaxis
Fared Baeten and Compie €U oo v e nannsseeas s s s S 219

Hyperaldosteronism as 2 Comtnon Cause of Resistant [lypertension
David A. CHlBOUN i oy s e e T res BTN OSSP 233

Mechanisms of Premature Atherosclerasis in Rheumatoid
Arthritis and Laupus
3. Michelle Kablenberg and Martana J. Kaplan . ....ccooooon o 249

Molecular Mechanisms in Progressive Idiopathic Pulmonary Fibrosis
Mark P. Steele and David A. SOWETTZ . coovv oo ommmiisnes e 265

Reprogrammed Cells for Disease Modeling and Regenerative Medicine
Ape B.C. Cherry and George Q. Daley o occovviiimnvnsins s 277

Application of Metaholomics to Diagnosis of Insulin Resistance
Michael V. Milbwrs and Kay A LAWIOR . ooovvniiommnennarss s 2 291

Defective Complement Inhibitory Function Predisposes
to Renal Disease
Anujn Jova, Jobn Atkinson, and Jame Suhwon U e i 307

New Therapies for Gout ‘

Daria B. Crittenden and Michael H. PHIEAGEr ooooooonisins i 32%
Pathogenesis of Immunoglebulin A Nephropathy: Recent Insight

from Genetic Studies

Krzysztof Kiryluk, Jan Novak, and Al G. Gharavi ...t 339
Podocyte Biology and Pathogenesis of Kidney Disease

Jochen Reiser and Sanja Y AR 357

Toward the Treatment and Prevention of Alzheimer’s Disease:
Rational Strategies and Recent Progress

Sam Gandy and Steven T. DIEKOSKY +ooeeeev oo 367
Psychiatry’s Integration with Medicine: The Role of DSM-5

David F. Kapfer, Enily A. Kuehl, Lawson Wilstn 5o 385
Contents

OnCusp
Ex. 1002



by Stantord Lniversity - Mag Lampus - Lane Medical LibTary on U3 13713, tor personal use only.

5560 of 14295

Update on Typical and Atypical Antipsychotic Drugs
Herbert Vo IMEHZOF ..ot en e cms s e as s e oo s s e s s s i s s n e e e 393

Ataluren as an Agent for Therapeutic Nonsense Suppression
Stuart W Peltz, Manal Movsy, Elten M. Welch, and Allan Facobsom ... i L 407

Treating the Developing Brain: Implications frony Human Imaging
and Mouse Genetics
B.F. Casey, Sibban 8. Patrwell, Charles E. Glaty, and Francis S o Let oviciiiiiniinian 427

Genetic Basis of Intellectual Disability
Fay W. Ellison, Fill A. Rosenfeld, and Lisa G. Shaffer ..o 441

Sickle Cell Disease, Vasculopathy, and Therapeutics
Adetola A. Kassim and Michael R. DeBaun ... v et e v R 4 S 451

Duty-Hour Limits and Patient Care and Resident Qutcomes: Can
High-Quality Studies Offer Insight into Complex Relationships?

Ingrid Philibert, Thomas Nisca, Timothy Brigham, and Jane Shapire ................ 467
Quality Measurement in Healthcare

Fliot 7. Lazar, Peter Fleischut, and Brian K. Regan ........ PR 485
Indexes
Cunulative Index of Contributing Authors, Volumes BO-O% .o e 497
Article Titles, Volumes G0=64 . c... oot ot i et 501
Errata

An online log of corrections to Annual Review of Medicine articles unay be found at
http://mcd.annualrevi’ews.~org/errata.shtml

Contenty

vif

OnCusp
Ex. 1002



5561 of 14295

OnCusp
Ex. 1002

Human Breast Cancer: Correlation of
Relapse and Suw‘ivai with Amplification
of the HER-2/nen Oncogene

Dennis . Stamon,”* GArY M. Crarxy, SteveN G. Wone, WENDY . LEVIN,
Axprn ULLricH, WitLiam L. McGuirs

The HER-2/as onvogene is @ member of the erdB-like

oncogene family, and i selated to, but distinct frony, the
epidermal groweh factor receptor. This gene has been
shroven to beamplified in human breast cancer 2ell Huoes
In the current study, afterations of the gene in 189
primxry haman breast Suiccrs were investigated. HER-I/
pex was found to be amplificd from 2~ to grester than 20-
Folidin 30% of the mmos, Gorrdlatdon of gens ssm%ﬁ%ﬁc:v
tiony with several disease pavamcters was: cyaluated. Aane
plification of the HER-Tnen gene way o sigaificant. pre-
dizvor of both oversdlsnrvival and dore to relipse in
patients with breast cascer. It retained its significance
sven. when adjustonents were made for other Known
progoostic facrors, Mercover, HER-2/nex amplification
had grester progrestic vadue than most cussently used
progrostie fdtors, ncuding borawal-reeptor status,
1ix Iveaph sodespositive disease. These dags indicate that
this gene may play a role in the biologic behavior andior

pathogenesis of howsey beeast cancer.

{BTE S IDENOR LRR NG PR OHOOCENRE T THE 1D
Han or mineosisy o bt aostigeaasies e largedy -cle
. comsrangial, by ey besome ngeeasingly conpelling,. This
circumstantial evidence Is derived from studies of aninal models,
tumor cell lines, and actual human tirnors. Data from animal models
and cell Lines include: (1) sequence homology berwesn human proto-
vncagenes and the wird onvogencs of teansforming regroviruses that
are kndsyn to be nitinagaic wsome speties (1, 2); (By ansfesrion
studies showing the transforming potenrial of proro-oncogenss in
NI 373 cells and primary embryo fibroblasts (3-5); and (i) the
central role of certain proto-oncogenes in ramorigenesis by chronic
transforming retroviruses such as avian keukosis virus (6). Data from
human tamors inchude: (i) increased expression of specific proto-
emceagenes i seire hugsast malignaocies 7 8 (5 Kealis af
FEOUENODTORENNS 38 a8 near whe e of shedifil, mirodes bR
shramossial stanalocitions 93 and () woplifiiation off prowe
ondugshes 1 aame . hasae wamons {810 13,

Aditivional dars Bnking pewoncogenes to cell growth is their
expression in response to certain proliferation signals (12, 13) and
their expression during embryonic development (14, 15}, More
divect evidence comes from the face that, of the 28 knows proto-
oncogenes, three are related to a growth factor or a growth facror
receptor. These genes include ¢, which is homalogous to the

9 JANUARY 1987

transforming gene of the simian sarcoma virus and s the § chain of
platelet-derived growih factor (PDGF) (16, 17); <fius, which is
bomologous to the rransforming gene of the feline sarcoma virus
and is closely related to the macrophage colony-stimulating factor
receptor (CSF-1R) (I8); and c-erbB, which encodes the EGF
recepror (EGFR) and is highly homologous to the transforming
gene of the avian eryrhroblastosis virus (19). The two recepror-
refated proto-oncogenss, o-fms and C-eréB, are mermbess of the
tyrosine-specific protein kinase family to which many proto-onco-
genes belong,

Recently, a novel transforming geoe was idenrified as 2 resule of
transfection studics with DNA from chemically induced rat new-
roglioblastomas (20}, This gene, called e, was shown to be related
to, but distinct from, the c-avbB proto-oncogene (21). By means of
v-£¢lB and human BGFR as probes to screen human genomic and
complementary DNA (¢cDNA) Hbraries, two other groups indepen-
dently isolated human erfB-related genes that they called HER-2
{22) and c-erbB-2 (23}, Subsequent sequence analysis and chromo-
somal mapping studies revealed all three genes (wew, c-ar#B-2, and
HER-2) to be the same (22, 24, 25). A fourth group, also using v-
2¥BB as a probe, identified the same gene in 2 mammary CarcGnoma
cell lioe, MAC 117, where it was found to be amplificd five- to ten-
fold {26).

This gene, which we will calt HER-2/sen, encodes a new member
of the tyrosine kinase famuily; and is closcly related to, bur distinet
from, the EGFR gene (22}, HER-3/neu differs frorn EGFR in thatit
is found on band 21 of chromosome 17 (22, 24, 25), as compared
to band pll-pl3 of chromosome 7, where the EGFR gene is
focated (27). Also, the HER-2/nen gene generates a messenger
RNA (mBENA) of 4.8 kb (22), which differs from the 5.8- and 10-
kb eranscripts for the EGFR gene (28). Finally, the protein encoded
by the HER-2/men gene is 185,000 daltons (21}, as compared to the
170,000-dalton protetn encoded by the EGER gene. Conversely, on
the basis of sequence data, HER-2/nes is more closely related to the
BGFR gene than to other members of the tyrosine kinase family
{22). Like the EGFR protein, HER-2/sex has an extraceliular
domain, a transmembrane domsain that includes two cystetne-rich
repeat clusters, and an intraceilular kinase domain (21), indicating

a3 B
s, San Anws
olopy, Genentecs,

LG whon covrespondence shoudd be addiessed,
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¢hat it too is likely t be a cellular recepror for an as yot unidentified
figand.

As a result of the published daty shoed :
Sinen 0 a human maremary carchiuma cell o wnd s part of an
ongesing survey to our faboratory of proto-oncogenc sbnonmalivids
in husnaee tumors, we tvidhated alterarinns of the HER-Zme gone
in a large series of mman primary breast cancers. Our resulis show
that amphifiéation of this gese occurs wehaively Frequuently in hreast
cancer, mul thig it is as ved with disease telagsd and avensl]
patent survival.

Factors that ars known 10 be importantdn thie prognosss af Breese
sralignancies o dfisidual patients inchade: size of the priomy
o, stage of idiaase sHipnosis, hapmoenal recepror status, and
rmber-ef axiifery psiphe nodes frrvohend - with alisease (positive
noslesy (2
frvelugd the evalisnion of dssue friyn 180 separate by
cies thiat were part of a breast cancex srady ongeing: the Undversity
of Texas, San Astonio. This cobort Gf raaton Wit ol ineorese
because considerable information was available on the majorivy of
the specimens inclading size of the RO QUNOY, SSTUEEn FEsp

for SERLM, PYOREUISIONE TECepLor stalus, gt at patiory, dissase stage,
and status of the axillary lyroph nodss,

Ta the inirial survey, tissuc from 103 privmiey DErast £ancers was
evaivated for alterations in the HER-Mner goe DNA from
individial rmmoes wag propared as desoribed (301, digestsd with
Foa KE tod sobiectat to Seuthern ot andysis wuh 3 R dabded
FIER 2ol probe solvicht b heowa Gy detecs & 13:kb hybeididng
22y, Bxamphs of tmoes frany the gl

v exaertined, 1 {8
s asmply ou. The degrse of
Jerermined by stihaion anatysis
L2 A ; ometry seanrsing. To debirniine
e e, smbaneof THNA lowded in cach g Ras equivaléng, all
Giters were washed and rehybridized with a 3p-labeled arginase
e protes (303, This probe dentifics 2 15-kb hybridizing band oo
T Bl-digesed. homan DN and- was schmed W % st

peo 4]

1. The ciitrent study, which w sondured . pakts,

£ imalipnan-

becae @ more appiopristely’ assssses the redative sunonag . and
: PR ¥ 5 3
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Table 1. Assocation berween HER-2/nen amplification and disease parame-
ters i EO3 breast tumaors.

Number of maEwors

Facior*  gugle 2105 51026 =20 o
COPY copies copies coples :
Fiovmonal vecepior sTArus ‘
ER+ 53 2 S i 85 .99
BR- 31 i 2 4 38
PgR+ 42 2 B 2 52 .85
PgRo~ 42 i 5 3 51
Tusaoy size {centineters)
13 1 1 g 15 .82
34 H 8 1 41
17 1 2 2 22
Unkaown 20 0 3 2 25
Age ax dngnasis (years)
=B 21 1 2 1 25 3.83
>50 82 2 7 4 &5
Unknowst 11 i 2 ] 13
Noumber of posivive lpmph wodes 7
) 30 G 3 1 34 8.1t
-3 20 { i i 22
>3 7 2 4 2 25
Unknown 7 1 3 3 22

s BR, estnogen posopros
_p:z;‘) g

e fe o
O ot

TR
v 0 and ¥

spteies than g prabe by ,
5, which sanstor voore readily on
i shown SO eontsn cqui\:uis:sr:
amowns-of Bigh mokost weig (Mg 2BY Jodbdduat
senre assipred tor QOGRS curaaining tongle o RS
§ tir 20 copies, and grewrer than 20 copies of she -
g, 1) Assigamont of tunas 1o shie Varkogs greps wis dune

wansher of high mindeoudar o
with v pleasdar weight spe

SR O LR 1 ] 1% 16 17 18 18 20
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el of L2 pe et oo Ri-

ded o E3% agirese
esrstorpsed
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Hncionat analysis weasess degree of BERMaen
v BRI~

mple of
iy, Lanes 8, g, Kand g owere loaded with 12 g of

“digested breast rumor DA Tane a js DNA. from taror 1 {Fig. 1y, which

sepresents 3 tumor with a single copy of the HER/Z-new gene. Lanc g is
DNA from wmor 33, which represents 3 tamor with 220 copiss of the
HER-nen gene. Lanes b o fave serial diunions (1:100, 1:20, 1:10, 115,
and 1 2. respecrively} of the DA sampis m lane g Lane k is DNA from
tumor 35 {Fig. 1}, which re epresents a contaling ewo ﬁw copies of
the FHER-2/new goos, | Lancs b to § axe serial dilucdions (1030, 115, and 1:2,

< 34 \ampiP i Jane k. Lane p is DN from mumor 34
X 2 ot WiLh 5w .!() a.epi § n} ihe HER-2/neu
?LL!’J‘«{-
i‘)\f&\.;suple in l“ne p. The Fitrr was ["‘ § trad with
el FHER-2 probe as in Fig. L (B) 'immngsic of ;;rgisa‘aasc pidn
hybmdszation 1o demoustrare thar eguivatent amounts of temor DNA were
fosded into cach fane. Rehybridizavon of filter containing lanes 30 o 40
{(Fig. 1). The filter was fust stripped of tabel by washing i a buffer made ug
of 0% formanmide, 37 SSC, and 0.1% SDS§ ar §5°C for 20 mimures,
foliowing by theee successive washes of 5 nunutes cach in 8.1 X §5C e room
remperanye. Pilers were exposed overnight on XAR-S film (Kodak) 1o
ensure remesad of all sadioaetive pey Lhcn sebybridized a5 in Fig. 1 with g
2P fabeled human arbm:exe freticy :;sm&s. (20).

in a blinded fashion, in that they were made withour knowledge of
discase parameters. Analysis of the data for association between gene
amplification and & nmaumber of disease parameters was then per-
formed. .

OF 103 rumors evaluated in the initial survey, there was essentially
ao corrclation between gene amplification and estrogen receptor
status, progesterone receptor status, size of tumors, or age at
dms,ﬁociﬁ (Table 1). However, when analysis was pcrﬂ)rm d for
association between HER-2/en amplification and number of posi-
tive lymph nodes, a trend was noted. This analysis showed that 4/34
{119} of patients with no involved nodes, 2/20 (10%) with 1 0 3
mvolved nodes, and 8/25 (32%) with >3 wvolved podes bad gene
amnplification (£ = 0.11). It these data were examined by comparing
0 o 3 positive nodes versus >3 positive nodes; the correlation with
gene amplification became more significant (P << §.05). Thus, there
was a sigrificant ncrease 1o lncidence of HER-2/sen gene amplifica-
tion in patients with >3 axillary lymph nodes involved with discase.
A multivariate regression analysis 1o corrclate HER-2/men amplifica-
ton with various discasc parameters identified the number of
positive nodes as the only significant factor, either alone or in
combination, 1o correlate with amplification.

This ipitial study indicared that it might be possible to discrimi-
nate among node-positive patients on the basis of HER-2/nen gene

OnCusp
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amplification. It is well known that the number of poskive nodes is
the best prognostic factor for disease recurrence and survival in
paticnss with breast cancer (29). Given the correlation between
number of nodes positive and HER-2/nee: amplification, one might
predice that amphi‘cabon of this gene rn%hr also have some
prognostic value. No loog-term follow- -up dasa, however, were
available on the 103 patients analyzed in the initad study. Por this
reason, a second study was conducred on 100 breast cancer sanmples
from patients with positive axillary lymph nodes. All of the nforma-
uon available for the fiest group of 103 patients was available for
these patients. In addition, relapse and survival information was
availabde, since these cases had a median follow-up of 46 months
{range 24 to 86 months). Of these 100 samples, 86 yelded sufficent
DNA for study. Amp.xﬁczﬁiwrs of the HER-2/ne gene was mea-
sured as in the initial survey, and examples of tamaors from this study
ace shown (Fig. 1), Amplification was found in 34/86 (40%) of
these patients. For this larger sample of node-positive patients,
several statistically siguificant or nearly significant relationships were
observed. In agrecment with the preliminacy suovey, there was an
assoctation between number of involved lymph nodes and HER-2/
nes amplification (Table 2). In addiion, the preseonce of gene
aruplification was correlated with estrogen receptor status and size
of primary tumor {Table 2). Together, these two surveys yielded
data on 189 patients and the association of HER-2/nen ampliﬁca~-
ton with various discase parameters in the combined group is
shrown inx Table 3.

While these correlations were of wnterest, the strong rels

tionship

¥
? "‘n\,‘
R . ‘\-;,,_"_““
] X, ot amplified (3=52)
S 68 E h
Ly
& E 1
K i
3 0.4 i
Fig. 3. Actuarial curve for refapse in {&) node- & oz 4 >5 copies
positive patients wwixh oo amplification B G
st Eat «,1“215 wattl : + . <
S0
oy avich o ospliffeadon NOrsEs nmia : T oy
VR i R SN
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Acrarisl ourve for overall survival in (B; noge £ FEA— R~
: Yoo
pg‘mw patients with no an -8 : L
ol oty w,ﬁ‘tﬁ*\- Sl sy 52
- of BIER - B ind. (D: 3%
\ung)t(tic‘tym vepsas frodepos 2
jith greater than § copies of HER-2/nex. R
curves for both relapss and overall sur- 8 D
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hetween FIER-2/n0n amphification and nodal status (£ = 0.002)
indicated that informarion on eu"‘vpliﬁfation of this gens roay
correlate with disease behavior; that is, recurrences and survival. To
rest this, univariate survival anaivsea were peri(m*i@d i which
arplification was vompaad & E‘(‘.:i{:-‘ﬂ&‘ and suwvival o this paticot
graup & rotalof 35 paticsts bad » recurpsnveof the dhisease anet 29
e il wr the e o thy soalyses. Mediag tines o R‘\i&psg arud
death were 62 months and 69 months, respectively. The median
follow-up fime for prtiens still alive was 47 months, singiog fraia

24 to 86 months: A mmi of “’1 of r_hc &6 pancrm (BARY received
st tnm of thevapy vt 4 fio therapy:
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Table 2. Association berween HER-2/nen amp.iﬁc; rion and discase parame-
ters i 86 breast waumors fzum node-positive patients.

Factopr  Sigle 2 ?0_ 5 Sw20 228 g py
COPY copies copies copies

Hovmonal vecepioy staiys
ER+ 38 21 5 1 65 .05
ER~ 14 2 4 1 2
PgR+ 31 18 4 1 54 .14
PaR- 21 5 5 1 32

Tiswaor size (centimeters
=3 ig 8 3 4] 29 (.09
2-8 28 iz 2 1 43
>5 ] 3 4 1 14

Age ar diggrniosis (years)
=50 18 i2 & 1 35 3.06
50 EN] 1t 3 L 51

Nougnrer of positive bymph nodes

1-3 31 7 8 Y 43 $5.06
>3 21 18 4 2 43

STER Wt wmphifeatingg w)
pest: H o vality W aompnts
weorsy R mumples e
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33 bridim‘(s*bz\ i

r;drmd wzs?; = i‘

ot ,u‘.n}cmiar

2 s :&im of a mmm' \{*wwm marh\‘l A
copies) of the EGFR. gene.

paticats, even when other progoostic factors were taken into
cent { Table 43,
avrapgeneong of the HER-2 /e gene was nug O the total 189
H&Z‘!\ sy evaluaned, three showed evidenceof reatuigeicng, aod in
rwo of the three Lascsj the tax‘mngamem was identical (¥ig. 1, cases
Yo Alsn, fee OF S roarangid HERASen logd wane
Fig. bocases TR and 79, The dncidense of HER-Fses
r-mrmz;.,emmt as sdereomined by Bon BRI digestion was too small t
attempt stdvistical gorrglatisns.

To degettiine whisther ghe phenomenon of amplification of HER-
2/nen in breast cancer extended o rdamd growth factor receptors,
af Rleere wore analysad swith the BGFR pmiw {i*t;~, &) Ad
wiow of the R gene was kmmi BT S
reavrangeneny of v(‘im 3
cases. The icidinue o
roy sanall o aetept St 11 xu‘ arhon, (,um{ mwn mﬁ }‘xi ?{ 3
PR .ampsi;tlumrm (B3 1‘3_*3 or Mn%} wztii tiw cﬁ si‘t ‘“{s}i{ e
. dende ot .
ol th immn z'u{szm\> shint thc ;}h rmmémm m gm«a smpimn tion
r:ﬂ one fnr & relatec yprosine Mnase-specific recepror in

s Mlareover, studics sxaiingy dicistions of
-gnvogenes, aél and fos, in

breast sancer did not shgsw .amgshﬁt&ét of these genes {33).

Alterations of non—tyrosine kinase- --rchrc-d proto-oncogenes m these

Ee3
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o

Tabie 3. Associarion between HER-2/nex anaplificarion and disease pavame-
ters in combined surveys (189 patients).

Factor® Single 2 oo ot 20 Total 2t
Py copies copics
Hopmonal vecspror siatns
ERA+ 91 23 14 2 130 0.058
EB- 45 3 & 5 59
PR+ 73 20 1% 3 106 0.06
PgRa 63 & 16 4 83
Tomor size (centimeters)
= 31 9 4 4] 44 g.19
2-5 62 13 7 2 34
>E 23 4 [ 3 38
Unknowa 24 [y 3 2 25
Age ar diagnosis {years)
=36 37 i3 8 2 &0 311
=50 88 13 10 5 116
Unksiows: 11 o 2 4] 13
Nimmber of positive lymplh nodes
3 30 0 3 1 34 0.002
I3 81 7 6 i 63
>3 38 18 3 4 68
3 1 22

Unkewown 17 1

¥ Pttt
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Tabie 4, Univarisic and muldvariate analyses comparing msease free survival {relapse} and overall survival to prognostic factors in node-positive patients.

Univariate (£}

Muddvariate®

Facror
Survival Relapse Survival Relapse

Nurnber of positive nodes (.0001 0.0002 06,0003 (0.0938 = 0.02548) 0.001 {0.0849 = 0.0266)
HER-2/nz: 0.0011 <(.0001 0.02 {0.0872 + 0.0388) 0.001 (0.1378 & 0.0425)
Log {PgR) 0.05 0.05

Tumor stze $.06 0.06

Lug (ER) 3.15 .10 6.3 (-0.5158 = 0.2414)

Age 0.22 6.61

s partially sonpiseni
I, Rewuhis #he shovwie w8 Trogresiion coefficient % SE).

rurnors have been examined. In a survey of 121 primary breast
malignancies, amplification of the c-mys gene was found in 38

(32%) (34). Auempts to correlate ¢y gene amplification with
stage of disease, hormonal recepror status, histopathologic grade, or
axillary node metastases showed no association. There was a statisti-
cally significant association between cmye amplification and age at
dxagnosls =>50 years in a group of 95 of these patients (34). Dataon

. relapse and survival were not presented in this study; bowever, diere

was no correlation between c-mye amplification and nodal stats to
indicate an association with disease behavior,

The exactrekent varinas proto-oncogenss in the.pathogenesis of
human malignancies sernains unclear. O line of evidenos tinplicar-
ing abnormalities of these genes in human disease is association of
their amplificarion with tumor progression in specific cancers. The
Nemye gene is frequently amplified in hunyan neuroblastonras and
ncuroblastoma cell lines (35, 36). Studies on the MN-mye proto-
oncogene were the first 1o show a direct association between
abnormalities in a prow-oncogene and dinical behavior of 2 human
wamor. N-mye amplification and expression correlate both with stage
of disease and overall survival 1o patients with neuroblastoma (10,
32, 37). Morcover the greater the Nesye gene copy number, the
worse the patient progrosis for all stages of the disease (32). Taken
wogether, these data indicate a role for the Nempyc gene in the
pathogenesis of nearoblastoma (32).

Neuroblastona is a refatively rare disease with an incidencs of one
per 125,000 childeen. Carcinoma of the breast, however, is a
common malignancy affecting one of every 13 women in the United
States. There are 119,000 new cases per year, and approximately
40,000 women will dic of the discase in 1986 (38). Current
ereatment decisions for ndividual pam,nts are frequently based on
specific prognostic paramerers. The major progoostic factors for
breast cancer include pressice or absence of mamor in the axillary
nodes, size of the primary tumor, and presence or absence of
hormonal teceptors (29). The current study indicares thar amplifica-
tion of the HER-2/nes gene s a significant predicror of both overall
survival and time to relapse in node-positive patients with breast
cancer. Amplification of the gene retains its progoostic significance
it roitivariate 'malyxzs, evenn when adjustments are miade for other
kaown prognostic factors, Moreover, amplification of HER-2/5en
has greater prognostic value than most currently used prognostic
factors, including progesterone and estrogen receptors, and is
equivalens to and independent of the best known prognosticator—
number of positive lymph nodes, Finally, the degree of HER-2/%en
amplification appears to have an effect on survival, with greater copy
nurnber being assoctated with a worss prognosis (Fig. 3, Cand D).
A similar phenomenon has been observed for N-meye gene amplifica-
nlon in uman neuroblastoma (32).

The POKL"}“LA{ rafe of HER:3fren in the pathogenssis of brease
cancer 1s uokngwi Like M-wpe, the correlation of HER -
amplification with disease progression indicates it may be an
important gene in the discase process. The role of other cell

9 TANTUARY 1687

skan model was used ro evaluare the predictive power of vadious comblastions and intcractons of pmgnfjm\ fackors in a multivariate manner

receprors in the biology of breast cancer is well established (29, 39,
40Y. I is casy w speculate that a gene encoding a putative growth
factor receptor, when expressed in inappropriste amownts, rmay g give
a growth advantage to the cells expressing it. Alrernarively, alter-
ation in the gene product itself may lead to a critical change in the
recepror protein. A single point musation in, the transmembrane
domain of the protein encoded by the rat #ex nDocogene appears G
be all that is necessary for the gene to gain transforming ability (41).
Whether this or a similar alteration is found in the amplified HER-
men gene in human breast cancer will require sequence analysis of
the homologous region in the amplified buman gene. In addition,
studies evaluating the expression of this gene ar the RNA and/or
protein level will prove important in detexmining i HER-2/nen
amphf’ ication results in an e).neacd increased gene cxpresu@n The
question of amplification of H}L Ro-2/nen in metastatic as compared
to prirary lesions in a given patient is important. The current study
utilized only primary breast tumors for analyses. Ir would be of
interest to determine if HER-2/nen copy number is altered as the
tumor metastasizes. A recent study evaloating N-mye copy number
in human small cell carcinoma m" the hing showed no difference
berween primary and meastaric lesions (17},

The initial survey from the current study showed that 158% of
breast cancer patients with stage T disease (node-negative) have
HER-2/ne0 amplification. Unforrunarely, no long-term follow-up
data were availa bic: fox these patients, This stage 1 seiting may be an
additional group in which HER-2/zex measurements will have an
impact in predicting biclogic behavior of the tumor, and as 2 result,
in design of treatment strategy. Finally, if the HER-2/nen genc
product functions as a growth factor receptor that plays a role in the
pathogenesis of breast cancer, identification of its lgand and
dcvempm -nt of specific antagonists could have i important therapeu-
tic implications.
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The Atomic Stﬁmam;m of Mengo Virus
at 3.0 A Resolution

Ming Luo, GERRIT VRIEND®, GREG KaMeRr, Iwona MINOR, EDWARD ARNOLD,
MILHA}:LG ROSSMANN, ULRIKE BOEGE, DUU(JLAS G. SCRABA GRrREG M. DUI{E
Anw O PALMFNBERG

The serigfiie of Msmgﬁ vmw.,
the cardio picornmdiuses, is substantdally differeny fromy the
stenctnres of vhinee and polioviruses. The structwre of
Renge virns yeas sobid with the use of human diinovins
14 a5 an § A resolution steuctural approximation. Phase
information was then extended to 3 A resclution by use o
the icosahedral symmetry. This procedure gives promiise
that many other viras structures also can be determined
without the use of the isomorphous replacement tech-
nigue. Although the organdzation of the major capsid
proteins VP1, VP2, and VP3 of Mengo virus is essentially
the same as in rhino- and polioviruses, large insertions

Eepresntative fembar of

and deletions, mostly in VP1, radically alter the surface
features. In pamz:uiar the putative receptor bmdmg
Spanyon”™ of hunian rhivevdrus 14 becomes o deep “pit” in
Mengo vivws becanse of polypeptide insertions in VP
that fill part of the canyon. The minor capsid peptide,
VP4, is completely internal in Mengo virus, but its
association with the other capsid proteins is substantially
different from that in rhino- or poliovirus. However, its
carboxyl terminus is located at 2 position similar to that in
buman rhinovirus 14 and poliovirus, suggesting the same
autocatalytic cleavage of VPO to VP4 and VP2 takes place
during assembly in all these picornavirases.

FOQERNAVIRS
stranded RN&-ooan h,zv« heen
RIS ey E.mwe\ P zi'se im\z\ properties
of the virtons: (1) cardioviruses, such as mccpha omvt)carditi:, virgs
(EMCY), Theiler’s murine encephalitis virus, and Mengo virus; (ii)
enteroviruses, such as poliovirus, hepatitis A virus, and Coxsackie
virus; (iit) aphthoviruses, such as foot-and-mouth disease viruses
(FMDV); and (v} rhinoviruses, of which there are abour 100
- serotypes. The physiological consequences of picornavirus infection
are highly variable because of diffeniag tissue tropism, differing viral
stability in acid environment, and differing responses by infected
host cells. Among the murine cardioviruses (2), for example, Mengo
virus can produce faral cncephalltis. a strain of EMCVY can cause
diabetes, and a strain of Theiler’s virus can cause cheonic demyelinat-
ing disease.

Picornavirions have relative molecular mass of about 8.5
dhdrors, of which abour 30 pergent is RNA. The virus paruic]
xpi‘m\z o3l with an external diameter of dbout 300 A, The coat
proteins form a shell with icosahedral symmetry with 60 protomers,

» 10%

6.5

each composed of a single copy of VP1, VP2, VP3, and VP4 (Fig.
1) with approximate relarive mofecular masses of 34,000, 30,000,
25,000, and 7,000 daltons, respectively. For Mengo virus, the
proteins consist of 277, 256, 231, and 70 amino acids, respectively.
On degrading Mengo viras, the virions separate into 13.48 pen-
tamers and then into 6§ protomers (3, 4) consistent with structural
observations (§). Tradutionally, the cardiovirus capsid proteins have

been designated «, B, v, and 3 in order of decreasing size; the VP1
(o), VP2 (), VP3 (v}, VP4 (8) nomenclature 1s used in this article
in order to facilitate comparison with other picornaviruses. The viral

wistry, University of Greoningen,

wroningen, The Nethewands,
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was observed. Finally, the comjugated drug
caused 0% reduction in the size of the
fesion 11 days after the initation of drug
treatment. The greatest effect on the regres-
ston of the lesions by the conjugated drug
was observed ar 2 dose of 1 mgkg per
footpad. The fack of effect at higher concen-
travions probably eeflects satueation of the
recepror-mediated uprake process for M-
MBSA. The footpad regressed 10 nearly
normal size when Mex-MBSA was used. 1o
congrasy, administeation of free Mty did not
sigaificandy affect the jootpad lesion. The
lesions ddid not reappear even 4 weeks after
the last injection of Mux-MBSA. Dudog the
experimental periad all the animals re-
mained healthy with no apparent weight
foss. No angbody against MBSA or M-
MBSA was derectable in rhese animals after
3 weeks as deterroined by the Quchterlony
snmmnodiffusion technigue,

In conclusion, our resulis show that effec-
tive delivery of drag to macrophages can be
achieved by using the “scavenger™ recepror-
miediated endocytic pathway to achisve se-
fective killing of intracellular parasites resid-
ing in macrophages, both in vitro and
vivo, A similar approach may be usetul for
effecrive delivery of drugs in the rearment
of other diseases in which macrophages are
the primary targes, inchudiog wbercndosss,
feprosy, monocytic leukernia, and heavy
roetal storage discases.
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Studies of the HER-2/nen Proto-oncogene in Human

Breast and Ovarian Cancer

DENNIS | SLAMON,* WiLLiaMm GODOLPHIN, LoveLL A. Jonzs,
Jomm A Horr, Steven G, Wong, Duane E. Kerrrr, WeENDY J. LEvag,

Susan G. Stuarrt, Juby Upove, AxerL ULLricH, Micrasr F. Press

LCarcinoma of the breast and ovary acsount for one-third of all cancers occurring in
women and together are responsible for approximately one-quarter of cancer-refated
deathy in fonales. The HER-2/nex proto-oncogene is amplified in 25 to 38 percent of
human primary breast cancers and this alteration is associated with disease behavior.
In this report, several similarities were found in the biology of HER-2/nen in breast
and ovarian cancer, including a similar incidence of amplification, a direct correlation
between amplification and over-expression, evidence of tumors in which overexpres-
sion occurs without amplification, and the association between gene alteration and
clinical outcome. A comprehensive study of the gene and its products (RNA and
protein) was simultancously performed on a large number of both tumor types. This
analysis identified several potential shortcomings of the various metbods used to
evaluate HER-2/neu in these disecases {Southern, Northern, and Western blots, and
mmunobistochemistry) and provided information regarding considerations that
should be addressed when studying a gene or gene product in human tissue. The data
presented further support the concept that the HER-2/men gene may be involved in the

pathogenesis of some human cancers.

BOTO-ORGCOGENMES REPRESENY &

Hantly o sooost celivb Loy rhist

wers idernified on the
similarity to genetic sequences with kilown
tumorigenic or transforming potential (7).
Considerable circumstantial evidence now
exists thart aiterations in either the structure,
copy rueshinr, Gr exprestiviied one or anoth-
er of thesy gencs iy play a role o the
pathogenesis of some human malignancies
(2). One such gene, called HER-2/new or ¢
evb B2, was first identified by transfection
studies in which NIF 373 cells were trans-
formed with DNA from chemically induced
rat neuroglioblastomas (3). The gene en-
codes a protein that has extracellular, trans-
membrane, and intracellular domains (4)
which is consistent with the structure of a
growth factor reception.

Becently, we found a 28% incidence of

amphfication of HER-2/nen in 189 primary
human breast cancers {5}, Patients with mul-
tiple copies of the gene in DNA from their
tumors had a shorter time to relapse as well
as 2 shorter overall survival indicating that

R AR

.,\m I‘w&r\tui H\»wﬁf 5

gene arnplification was progoostic for dis-
case behavior in these individuals. More-
over, multivariate survival analysis showed
HER-2/new amplification to be more predic-
tive for chinical outcome than all other
known prognosticators with the exception
of positive lymph nodes (5). Since that
initial report, a number of studies have been
published on the amplification of this gene
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inn human breast cancer and the assoclarion
of gene amplification with clinical behavior
(6-%), There s cousiderable variability in
both the reported incidence of amplification
and the correlation of gene amplificarion
with patient outcome {5-10). Some groups
have found amplificadon rates as low as
10% and no correlation to outcome data
while others have found rates as high as
33% and a strong association with owicome
(7, 163}, Given the variable natural history
and heterogencisy of human breast cancor,
all studics published to date suffer from a
sirmlar problem, wihich is small numbers of

evaluated cases {5-10). Perbaps 3 more sig-
nificant shorwoming of most pror studics
of oncogenes in huroan tumors inchuding
our own is that oaly one aspect of the gene
in question (BNA, RNA, or protein status)
is cvaluated (5, 11, 12). The potential exvors
wntroduced by dilution of tumor cell macro-
moiecules with macromolecules from sur-
rounding normal vascular, stromal, or io-
Hammatory cells is a general problem in
butnan rumor tissue and a particalar prob-
lem in breast cascer where these non-malig-
nant celfs can account for more than §08% of
the dssue. Al solid ratrin-bloting tech-
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nigues (Sowthern, Western, or Northern)
are susceptible to these errors. Sumilarly,
these techniques canoot determine whether
an observed alteration is specific for only the
raalignant cells in the tssue.

Srudies of the rat sew gene isolated from
the chemically induced neuroglioblastomas
reveafed it to contain a single mutation o
the wansmembrane domain thar diferentiac-
ed it from the nontransforming nes gene
found in normal rat tssues. This mutation is
eritical in the conversion of the normal gene
into a transforming gene (13}, To address

‘ NN
cirmpasinicnt emusperosidese stin.
Ing with Weteny blot un stros
Sapper Joltd s a hemsony
efer statn o Beeid tuier vich in scromisd s
Naote the absence of significant numbers of mmor
eills, . Lavge middi pand s the mpnunoper-
sxkisie stating of vy cells (TCO) fousd B this
tssue. The staising s 3+, placing this tumor in
the highest catepgory of HER-2/nes expression as
sk ninEosatsing., Soushey &
wzadiy voopies of the geeee ity
ancd Northern blot analysis gave an O.D. reading
of 8.6 {2+). Western blot of prowin from this
is shown i fane A of the fower righti
Y seaiing S this shenple v Rl #),
while the Westgen blov of faaeein frong anather
aprines witlt s
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die questton of whether or not a similar
change had occurred in an amplified HER-
2new gene found in horoan breast cancer,
CINA dones from tumor tissue rather than
cell lines were generated by means of the
Okayama-Berg vector (14, 15), Tissue was
used to circumvent acquired genetic changes
which can cooue in vitro. Analysis of the
vransmembrane domain of etght clones from
o separate tumors showed the identical
sequence. There was no gluramic aad for
valine substrution as reported in the trans-
forming neu gene from the chemically 1o-
duced rat mmors (73). There was, however,
a peutral change of isoleucine for valine ac
pasition 658 10 the oansmembyanc domatn,
which is simifar to the sequence found in
breast cancer cell nes (16). Analysis of the
entire coding sequence of fuli-length done
and comparison with the published placen-
ral sequence (3) showed no other significanc
changes (14). These data are consistent with
the concept thar overexpression of a normal
HER-2/reu gene product rather than muta-
tion to an abnormal gene may be an impor-
tant pathogenic svent for some tumors.

Having obtained and sequenced a full-
fength ¢DMNA done from a human breast
DUIIOLN, We nexy wanted gcncrai‘c anpisera
to the human gene proeduct. The gencration
and characterizarion of this antiscrum is
described elsewhere (14} and the antibody i
capable of identifving the gene product bath
by Western blot analysts of tissue homoge-
nates and immunohistochemically in tissue
sections.

In the current study, we collected a total
of 668 human breast cancer specimens. OF
these, 526 had sufficient dlinical follow-up
o allow for evalnation of an association
between gene amplification and disease out-
come. As in our itial seady (5), we per-
foemed Southern analysis on samples with-
out knowledge of the chinical outcorae. Al
DNA blots were stripped and reprobed with
both p53 and mysloperonidase probes w
evaluate the relative loading of DMNA in each
lane and to exclude the possibility that “am-
plification” was caused by partial or copr-
plete duplication of cheomosome 17 (9.
Blots were scanned by soft laser densitome-
rry and the level of HER-2/uen aroplification
was determined by the ratio of the HER-
Ynen signal refative to the single-copy p53
signal.

We evaluared 345 patients with ande-
positive discase in a blinded fashion (Table
1}. Of these, 101 (27%) had evidence of
HER-2/nex amplification. Univariate surviv-
al analysis showed amplification of the
HER-2/nen gene to be a significany predic-
tor of both disease-free survival and overall
survival for these patients {Table 1), Tumor
stze was slightly better than HER-3/neu
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Discase free survival

Overall survival

Muke-

variate (F)*

Uni-
variate (i)

Mudsi-
variate (P)*

Uni-
variate (F)

Nodes <{(.0001  <(.0001 (00318 + 0.0214]  <00001  <0.0001 {0.0912 = 0.0346}
HER-2/neu 0.01 G006 {01142 + ¢.0413] $.041 6.045 [0.0864 = 0.6288}
ER 0.235 .60 0.091 157

PGR {.045 3.07 (.20 8.24

Size 0.003 .13 0.008 g.16

Age 8.92 0.9% 3.20 [EA 1

*Regression coctfiae

ampilification in the univarfate asalysis but
lost its significance oo multivariate analysis,
which indicates that it was aot independent
of nodal statas (Table 1), Muldvariate analy-
sis showed HER-2/nen arpplification to be
an independent predictor of both disease
relapse and overall survival (P = 0.006 and
P o= 0.045, respectively) and superior o all
other known prognostic factors with the
exeeption of a number of positive lymph
nodes for this group of patients (Table 1),
We also svaluated IINA from tumors of 181
node-negative patients with a median fol-
fow-up of 59 monshs (62 monrhs for those
still ahve). Of these, 45 (25%) had amplifi-
cation of the HER-2/new gene. Univariate
and multivariate analysis did not show an
association berween gene amplification and
disease cutcome in this group of patients,
There were 187 rumor samples of sufi-
cient size and integrity to allow for multiple
studies in the same specimen. This group of
specimens was representative of the overall
group in that lesions from both node-nega-
tive as well as node-positive patients were
incladed as well as tumors of varying sizes
{<i em 1o >2.5 cmy). The availability of a
cDNA done for HER-2/ney from a hunuan
tumor as well as antisera that could ideatify
the protein in both Western blots and tissue
sections allowed for a comprchensive evali-
ation of the gene and its products (RNA and
protein) in these tissues. Such a study ad-
dresses several crivical  issues  regarding
HER-Z/nen in human breast cancer. Fiest,
the correlation between a given level of
amplificarion and relative expression for
both RNA and protein 3s important. Sopxe
genes that are amplified in breast cancer,
such as erb A (8), are not expressed; these
genes may serve as uschul markers bur are
unlikely to be nvolved in the pathogenesis
of the disease. Second, it should be possible
1o address the issue of wherher amplification
and over-expression of HER-2/uen is specif-

s * SE are shown in square bracksts.

ic to rumor cells in these specimens. When
blotting techntgues alone are used, there is
the risk of dilutional effects, which rmake it
inpossible 1o distinguish signals from -
mor cells versus those from normal cells.
Third, thas approach should give some inds-
cation of the relative strengths and weak-
nesses of the various rechniques used in
assessing the status of the HER-2/nmen genc
and its products in the same primary human
tissue. Studies ar borh the RNA and protein
levels are important since there are examples
of human tumors in which traoscripts of a
particular gene are present but no progein
€an be detected (17}, Fourth, if gene expres-
sion correlates closely with amplification, a
separate assessment of the incdence of am-
plificanion can be made.

The samples used for the corpprehensive
analysis were between 0.5 and 1 g in size
and had been stored for vanious periods of
tirae at =70 to ~ 140°C. Tumor tissue was
fractured in liguid mitrogen to obtain a
representative piece suitable for cryostatic
sectioning and inmuonohistochemical analy-
sis. The remainder of the entire specimen
was ground to powder in kiquid nitrogen
with a mortar and pestde. This process al-
fowed for an even distribution of rumor cclls
i all subsequent analyses. & portion of the
tissue powder (50 mg) was stored for Waste-
ern blot analysis and the remainder was
extracted for DNA and BMNA simultaneous-
Iy, As 1o our clinical correlation stadies, each
procechire was conducted separately and
without knowledge of the results obrained
by other modalities of evaluation. Southern
blots with appropriare p§3 and myeloperox-
idase controls were performed and HER-
2nen copy number determined as described
{(Fig. 1). Northern blots were performed on
20 pg of wial RNA extracted from the
sarnple and were analyzed for the presence
and relarive intensity of the 4.5-kb HER.-
2/nen rocssenger RNA wsing soft laser densi-
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EomeEry and vn)upﬁd into one of four ANA
s C gories dependipg o the ders
SHOTRUSTY —— (Fig. 1), Waostern bims
were pcﬁormed ont 100 pg of total proteln
extracted from each sample and were ana-
lyzed for the prc.sms:e and fefitive Brersity
of the 185-kD HER I/ nen gt pmd\s\t by
soft faser densitometyy and grouped into
one ot four protein e*(prmsmn CALCEOries
{Fig immumsim{w hm U al .mahsts was
gs’ﬁ:
ing xmi;ms.iqc ey hm&s\ s
teve vissae. Thic T3
specificity of the amsbody was prcviously

shown (14).

After completion of testing of all samples
by each modality, the study was unbhnded
and a direct corvelation analysis between
gens &mpuﬁuit()n and ‘xprcssioa WS per-
tormed. Of the 18 7 samples evaluated it this
manner there was almost complere concor-
dance of the data, with 2 few notable excep-
rions. Fifty-one samples (27%) of the cases
WEre ¢ a!lnd amplified by the Southern blotr
analyees, and in every tostance the amplified
samples were shown [0 GVET-CXPress the
HER—QJ.“J&'«{ gene product relative to nonarm-
plified cases. In 46 of the amplification-
positive samples (0% there was compiete
concordance of all tests, that s, araplifica-
tion corvelated with overexpression as deter-
mined by Northern, Western and immuno-
hisrochemistry. In all 51 cases with ampli-
fication, two of the three mcasuees of ex-
pression were concordant in showing over-
CXPrEssion.

The Western blos analysis was most dis-
cordant, being inconsistent with data ob-
tained by Southern blor, Northern blot, and
iminunohistochemistry in 31 of the 187
cases (6%). A possible explanatinn for this
ghenomenon is that saraples showing a
weak signal by Western blot way do so
because of a relatively large amount of stro-
ma in the dssue. In § of the 11 cases in
which the Westrern was discordant, histolog-
ic cxamination confirmed the presence of
cxcessive stromal elements (Fig. 2). DNA
and RNA analyses were loss sensitive 1o this
problem since there was evidence of ampli
cation and increased transcript levels in these
tumors. The increased muepﬁbihry of the
Western blot to dilutional effects 3s likely
duc 1o the fact that large amounts of noncel-
tular connective tissue can substantially con-
rribute o rthe roral protein in a sample by
a¢ ding ﬁigniﬁcam amounts of extraceliular
matrix prowine such as collagen to the ly-
sate. Thc stroma, however, is refatively poor
in cellularity and will make only miniroal
contributions to the total DNA or BRMNA
extracted fror the same specimen.

The Northern blot analysis was discor-
dant in only four cases (2%) judged ampli-

7iG

*Regression coefficients + SE

fied atr the DNA fevel, and the immunchis-
tochernicdl dara were inconsistent in only
two cases {1%). In each of chese casss, the
other two modalities used showed over-
expression. The correlation berween amplifi-
cation and oversupression (P <0 0.0001)
shown in the comprehensive analysis confirms
previously pubiished dl‘(ipliﬁ{.&fi\)n rates of 25
w 30% for HER-Z/new in buman breast
cancer. There were 18 cases (10%) which
were judged as single copy by DINA analysis
bur which showed clear over-expression at the
R NA and protein levels (Fig. 1, lane §). These
cases may represent examples of alterations
that occur 6 control mechanisms for gene
expression, rather than increases 1o gene copy
aumber, Alternatively, these cases may repre-
sent instances of true gene amplification at
low levels {two- to fivefold) which are missed
because of dilution of the tumor cell DNA
with DNA from nonmalignant tssue,

Some studies bave used only immuno-
staining of formalin-fixed, paraffin-embed-
ded tissue to assess the status of the HER-
sy produce (8, 70, 18). This dppecach
prsgents some problems, since fixation and
srabedding of dssue frequently decreases or
totally destroys rcacﬂvitv fus‘ Aty antigens
{19}. I‘urth"rmmm the degree of loss can
vary considerably dcpcudmg on the dura-
rian of fixation with the same fixative {19,
20). For 42 of the 187 cascs in the compre-
hensive analysis, fornalin-fixed, paraflin-
embedded tissue was available. This allowed
for 2 comparison of immunchistochemical
staiming of the HER-2/nen protein in the
same specimen prepared in different ways.
Evahwation of HER-2/sex immuno- reactiv-
ity showed that iy vireally every sase theee
was some decesase it immunohistociemicd
staining with the rabbit polyclonal antise-
rum when comparing fixed to frozen tissue.
In rumeors expressing very high levels (3+

Tabie & Modian sueis

gene Rypdific st ke aped
Loox g}xnpurm!n\\a ‘Hrwd:- e 'sx
SR GRS By
gw.srmm were as dusoribal {8 u,, 3.

wth cu'ar.i;m RO

e anesdel fo px\m
. Eofboawew Y was 254
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4+), the protein was visibie by Immuno.
staiging {0 tssue prepared by either method,
The problem was more significans in sam-
ples expressing moderate Tevels of protein
{2+) since many completely lost their
inrnunchistochemical reactivity when fixed
in formalin and embedded in panafin (Fig.
3). The majority of these tumors were am-
phified for the HER-I/ney gene at levels of
wo- o fvefold. However, occasional tu-
mors with 5- to 30-fold amplification that
expressed maderate o high levels of protein
appeared negative do fixed tissue.

To determinc if the same or simifar altee-
ations in the HER-Z/nes gene found in
breast cancer occurred in other human ma-
lignancics, we sareened DNA from &) non-
smalt cell lung cancers, 40 colon carcinomas,
35 nearoblastomas, and 18 ovarian cancers,
There was no sigrificant ticidence of HER-
2Unen gene amplification or rearrangerment
in any of these groups except for ovarian
cancer, where gene amplificarion was found
in 6 of the 18 numors analyzed. There are
several similacities between carcinomas of
the ovary and breast. Lake breast cancer, the
vast raajority (>>90%) of ovarian malignan-
cies are of cpithehal rather than stromal
origin (21). Also, like breast cancer, steraid
hormone receprors are found in the mumor
cells of rany ovarian malignaasies (22).
Finally, bpidcn‘mm sic studics suggest thar
sorme carcinomas of the breast and ovary
fay share common eticlogic factors since
women with breast cancer bave twice the
expected incidence of ovarlan cancer and
wormen with ovagan cancer fave a three- t©
fourfold creased visk of developing carci-
noma of the breast (21). These similarities
and the findings of HER-2/nev amplifica-
ton in the inigal cases examined prompted
us to evahute a larger number of ovatan
caneers for incidence of gene amplification,

w s 2 vy G Ry of HER-24an
i h“ busiethe Kaplan: ,\‘iwzm ywethod and iy
e wisermment of the as vk the v
st R i gathonts atill -aixxrc. Suabsgronp

Nume Median Log Cox proportional
e Sub- ber survival rank -9 g{m;, OFEIOM
Assay . AN Barards regression
group of fHme test madel LFX
cases {days} (" ROEER A
DNA 1 copy 64 1879
2155 7 359 <0001 <<0.0001 [0.1479 + (.0320]
=5 G 243
RNA I+ 44 1960
2+ 16 913 QL7110 $.0244 {0.4537 = .1969]
3+ o4+ 7 531
Provein i+ 27 1960 3.1866 0.0628 {0.5437 £ .2944]
24 1o 4+ 0 95%
Histochem, Neg. to B+ 36 1960
2+ 32 1092 00126 <0.000) [0.4276 + 0.1163]
>34 4 417

ave shown in squure brackets.
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correlation between aroplification and over
expression; and an association between am-
phification/over-expression and clioical be-
havior of the malignancy.

DNA from 120 primary ovarian malig-
oancies of epithelial origin were evaluared
by Southern blor analysis using the same
criteria and technigues desertbed for the
breast cancer cohort. Identical conwrols {re-
hybridizavion of blots with p8§3 and wy-
cloperoxidase  probes) were  performed.
Thinty-ooe {26%) of the cases showed evi-
dence of HER-2/sen amplification (23 were
amphified two- to fivefold and 8 were amph-
fied >fivefold). Intact RNA was available
for 72 of the 120 cases and, as with breast
cancer cases, they were grouped into one of
foar expression categories. Safficient maten-
al was availabie ro prepare tissue powder for
37 of the 120 cases. Western blot aalysis of
these samples with the anti-FIER-2/nen ant-
bady revealed the p188§ HER-2/neu protein,
which was guantitared by densitometry as
described {see legend o Figl 1), A fragmoent
of frozen (nopfixed) tumor was available for
75 of the 120 cases and imrounchis
tochemical analysis was performed with the
HER-Z/ner anuibody. Saroples were again
grouped InfG VArious eXpression categories
based on microscopic evaluaton of the ny-
mor cells in the tssue sections. Unlike the
breast study, there were only 37 cases from
which sufficient material was available to
perfarm 2 comprehensive analysis (DINA,
RNA, protein, and immmunohistochemisery)
on the same samples. However, the data
regarding the correlation between amplifica-
ton and expression frors this smaller sum-
ber of ovarian cases were identical to those
found in the larger breast cancer cobort.
There was a complete corpelaton between
gene amphification  and  over-expression
{F < §4.0001). Every ovarian cancer judged
amplified without knowledpe of the expres-
sion data had evidence of over-expression.
In 58 of the 120 cases sufficient material was
available for analysis of expression by ar least
two techniques, Morthers blot analysis and
immunchistochemistry, Again, there was a
perfect correlarion berween amplification
and oveeexpression, teat is, HER-2/new am-
plification resulted in bigh levels of expres-
sion of the membrane protein (see cover
photo of this issae). In addition, there were
six cases (12%) in which the gene copy
number was determined to be single but
which had evidence of over-expression. This
15 similar o the incidence of single-copy
aver-expression found in the breast cancer
specimens.

Owvarian cancer, unlike breast cancer, has
no good progrostic factors for predicting
biologic behavior of the mumor or sventual
clinical outcome in patients affticted with

12 MAY 1989

Cumaiative survivel rate

4000 000
Time {days)
Fig. 4. Acnarial survival curves for pacients with
ovarian cancer evaluating (&) the association of
HER 2/nen gene amplification with survival and
{B) the associanton of HER-2men cxpression as
determuped by histochemmical analyses and saxviv-
al. The P vahes for these two curves are <8 0001
and 00126, respectively. The Kaplan-Meer
method was used to estimate the swevival disteibas
tion for each subgroup. Patients were grouped on
the basis of the assay vakues, thar is, gene copy
number (1, 2--5, or >5} or level of expression as
determuined by immunohistochemical statning
(negative to 14, 24+, or >3 +), The log rank test
was wsed to evaluate the equality of the survival
CATVES,
the discase. Clinical stage (exrent of disease)
has some predictive value but the vast ma-
jority of ovarian cancer patients {>70%)
tave regional or distant spread of disease at
initial diagnosis which raakes this factor less
useful for most panents. The only parameter
that has been used with some success has
been histolugic grading, the determinarion
of the degree of celiular differentiation with-
in the mumor (27, 23). As with other malig-
nancies, however, histologic grading of
ovarian cancer suffers from a lack of stan-
dardization and considerable observer-relat-
ed variability (27).

1 oar study, long-term follow-up (medt-
an 75.4 mouths) was available for 87 of the
120 ovarian malignancies. Again the molec-
utar and cellufar analyses were performed
without knowledge of cindeal nformation.
For the 87 cases in which both DINA dara
and long-rerm follow-up were available,
there  was a  statistically  significant
(P <2 0.0001) coreelation between gene am-
plificarion and survival with oyedian surviv-
als of 1879, 959, and 243 days for padents
having one onpy, two to five copies, and
more than five copies of the gene, respec-
tively (Table 2 and Fig. 4). In addivion, in
the 72 cases for which follow-up data and
expression analysis based on irarounchisto-
chemistry  were  available, 2 significant
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(P < 0.0128) association between HER-
ineu expression and survival was found
{Table 2 and Fig. 4). There were 3 smaller
aumber of cases (67 toral) for which both
intact RNA and follow-up were available
and even fewer {37 total) for which both
Western blot data and follow-up were avail-
able. Median survival dme of these cases
showed the negative relationship between
survival and increased expression {Table 2)
bue the data did nor reach statistical signifi-
cance for Western acalysis {most Lkely due
to the small number of samples in the
group).

Several conclusions regarding HER-2/ueu
i human breast and ovartan cancer can be
drawn from these data. For breast cancer,
we confirmed our carlier conclusions thae
amphifivation of the E6E is a prodiciar of
both palape and suevisal nodeposifive
parients and is superior to all other prognos-
ticators with the exception of positive lympht
aodes (5). The data, however, do not ad-
dress the possible influence of therapy in thus
group. To do this would require a study of
an even larger series of patients given the
various methods of treatment used for the
disease. In 181 node-negarive parienes, there
was o evidence of an association berween
gene amplification and oucome. This may
be due to some fundamental difference in
the basic biclogy of node-negative discase or
alteroatively may represent a statistical arti-
facr introduced by the refatively small num-
ber of paticots studied. The oversll inc-
dence of disease recurrence in node-negative
paticnts s only 15 to 25% and, as a result,
there may not be a sufficient number of
events, that is, relapse or death in our co-
hort, to reveal an association. Recent data
from another study indicare that over
expression of HER-2/ney is predictive of a
poor clinical outcome iIn aode-negative
breast cancer (10).

Similarities in the biology of the HER-
iney gene in buman breast and ovarian
cancer are considerable and include the fact
that amplification of the gene occurred in 28
to 30% of both malignancics, amplification
was uniformiy associated with over-expres-
sion in both tumor types, approximarely
18% of both breast and ovarian cancers had
eviderwe of a siagle gene copy with over-
expression of the gene product, and {in both
maligiancics) there was an association be-
rween ampiification and clinical outcome.
Few of the 187 breast cancer cases studied in
the comprehensive analysis had significanc
follow-up and an even sroaller pumber
showed amplification/over-expression, mak-
ing ir impossible o porform the necessary
statistical analyses wo evaluate the association
of gene expression with outcorne. However,
the correlation between amplification and

REFORTS 71X




5572 of 14295

over-expression (P < 0.0001) would steengly
ot that measoomuent of BHERSE
sepression should alsa be pred
survival in breast cancer. This notion is
completely supported by the results of the
ovarian cancer cohort, where long-term fob
fow-up data were available for almost all cases
studied and bath amplificadon and over-
up,@wm& were associared with decreased sur-
vival,
For studies assessing any gene product in
horoan tamor dssue, it s c_rmaal w evaluate
the specificity of the reagents used, the
condition of the molecule undex study, and
the ability of the assay method to derect the
afrerarion in question with certainty. Studies
using only onc of the solid matrix modalities
are prope to crrors introduced by both
technique and parre. Technical p:@bmm
are imcxy to ocair as & result of the consider-
able variability in handling the tissue speci-
mens post-operatively since this can resule in
degradarion of ruacromolecules, The condi-
tion of the DNA and RN& it a gwen
sample must be evaluated by some method
such as gol elecrrophoresis and ethidiorg
bromide staining prior to subsequent analy-
sis. Assessment of the integrity of the DNA
is crucial if Southers blot analysis is w0 be
used, since as previously shown, even small
younts of DINA degradation can result in
significant decreases in signal intensity on a
Southern blot (9). All sof ni matrix blotting
technigues are subject to errors introduced
by the variability in content of rumor cells in
a specimen. Merely assessing 2 sample for
the presencs or absence of malignant cells
insufficient, as
these cells which is important,
Immunchistochemmical analysis of HER-
2inew 1n frozen tissue sections correlated best
with all other anaiyric data for both breast
and ovarian cancer. There are several advan-
tages to this technique. Mosy importantly, it
sses the status of the protein in tumor
cells specifically, and is oo subject o dile-
tional offects inroduced by surrounding
nonmalignant cells and stromal proteins. In
addirion, with the advent of earlier diagriosis
for breast cancer, thssue specimens are be-
coming smaller. Even the most sensitive
techaiques for solid xoatriy blots currenty

SRt

require milligram gquantities {5 to 50 mg) of

umor 1o assess DNA, RNA, or protein.
The small primary samples available (foc
needle biopsies of kesions or cyrologic speci-
mens) that are used in breast cancer diagnos-
tics {24) make such analyses virrually impos-
sible. The issue of specimen see s ‘of lesser

concern for ovarian cancer since most of

these lesions are diagnosed lawe in their

course and, as a resuly, large amounts of

umor ssue arc
either turnor type,

available at surgery. In
histochemical evaluation

712

tetiveof disoase:

it is the relative number of

ﬁ'ers the advantage that only a microscopic

cetion of the manror samph, i require ed to
asscss FIER-2/nes sxpression.

There are, however, at least two disadvan
tages of the inmunochistochemical  ap-
proach. Onc is the problem of loss of anti-
genic  inmunoreactivity  during fixation
which occurs for almost ail proteins, This
phenomenon is particularly sigoificant in
mamors expressing moderate levels of the
gene product. Dara generated from archival
material shoudd be interpreted with this
caveat in mind, since it could sieniﬁcm1ﬂ5f
reduce both the incidence and invensity of
immunastaining and may be responsible for
some of the vactability in reported percent-
ages of HER-2/ne expression in tuxnors and
correlation with cutcome (5, 7, 18). This
probdend zan be wvironie by astog frozen
Hasue sangstes The ot disadsantage is the
citheuly in quantitating expression levels pre-
cisely. Revent advances 1o digital image proce
essing of tissuc sections stained for specific
cethular proteins bas circumvented this prob-
ferm. Proteins that are frequendy evaluaied o
breast cancer, such as the estrogen receptor,
can be carefully and critically quantitaved with
these techniques (25).

It is projected thar in 1989 a toral of
162,000 new cases of breast and ovarian
cancer will occur (26). This constitutes one-
third of all cancers in women. In addition,
these two nwlignancies will acconnt for
55,000 deaths or approximately one-quarter
of cancer-relared deaths in women. The fact
that the HER-2/nen gene is altered 10 25 to
30% of these cases and that the alteration is
associared with poor patient cutcome indi-
cates that HER-2/rex may play a role in the
pathogenesis of a significant number of hu-
man tumors. This does oo precinde the
possibility that other genes or generic cle-
ments may be of importance in these dis-
eases; however, there is already strong sup-
porting evidence from expetimental in vite
and in vivo systems that alterations in the
HER-2/nes gene are important o cransfor-
marion and mimorigenesis. Subseguent 1
our inivial scudies 1o human breast malig-
nancics, studics were published reporting
that over-expression of the normal, non-
mutated, HER-2/nen gene could induce
transformation in NIH 313 cells (16, 27). In
one study, over-expression was achieved by
amplification of the noomal gene to levels
stmilar to those seen in human breast and
ovarian cancers, and celis transformed in this
way were tumorigenic in nude mice (27).
Most recently, the mutated rar new gene
placed 1o eransgenic mice resulted in devel
opmem of ademncarcinomas of the breast
100% of female and male animals expressing
the transgene (28). Moreover, the tumors
arose synchronously, were polyclonal in ori-
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gin and the malignans process involved the
catire epitheliumn of each giaﬁd No poorsal
mamynary tssue was present io these ani-
mals, These data indicated that the altered
rey gENne was capab < of inducing mahguant
.,\ansf:x;m tion in breast epithelium of the
mouse in a single-step fashion. We would
concwr with Muller e af. {28} that this
oncogene should be a focus of attention for
diagnosis and therapy o buman breast can-
cer; our current fndings would exrend this
idea to ovarian cancer.
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The heregulin/neu differentiation factor geme prod-
ucts were purified and cloned based on their ability to
stimulate the phosphorylation of a 185-kDa protein in
human breast carcinoma cell lines known to express
erbB2. However, not all cells that express erbB2 respond
to heregulin, indicating that other components besides
erbB2 may be reguired for heregulin binding. Cells that
are transfected with the closely related recepior, erbB3,
display o single class of lower affinity hersgulin binding
sites than has been previously cbhserved on breast car-
cinoms cell lines. Litile or no stimuistion of tyrosine
phosphorylation in response to heregulin ocours in cells
that are transfected with er583 alomne. Transfection of
cells with erbB3 and erbB2 reconstituies a higher affin-
ity binding recepton, which i& also capable of generating
a tyrosine phosphorylation signal in response to heregu-
lin. A monoclonal antibody $0 erbB2 will inhibit heregu-
lin activation of tyrosine phosphoryiation and binding
in cells transfecied with both receptoxs but not with
erbB3 alone. fu cells expressing erbB2 and erbB3, both
proteins become tyrosine-phosphoryiated upon interac-
tion with heregulin. Direct interaction beiween heregu-
lin and the two proteins was demonsirated by chemical
cross-linking experiments using »l-hereguiin followed
by immunoprecipitation with antibodies specific for
2r5R2 ov erbB3.

Several diverse biological activities have recently been at-
tributed to 3 family of related proteins that can arise from
alternative RNA splicing of a single gene product (1), Included
in this family are the heregulins (HRG)! (2), new differentiation
factor (3, acetyicholine receptor inducing activity (4), and glial
growth factor. The HRGs and neu differentiation factor (the rat
homologue of HRGe) (8) were originally purified based on their
ability to stimulate the phosphorylation of a 185-kDa protein
that was expressad in a nimber of breast eareinoma cell lines.
This 185-kDa protein was shown to be p1857°%2 also known as
HER-2 or neu, based on the observation thei a tyrosine-phos-
phorylated form of p1857°82 could be immunoprecipitated from
cell lines following HRG treatment. Furthermore, a radicla-

* The costs of publication of this article were delrayed in part by the
payment of page charges, This article must therefore be hereby marked
adpertise ” tn accovdance with 18 U 8.0, Section 1734 solely t=
indicate this fast,

§ To wham correspondence should be addressed: Genentech, Inc , 366
Point San Brune Bivd,, Mail Stap 69, South San Francises, CA 84080,
Tel.: 415-225-1247; ¥Fax: 415-223-50485.

f Supported by Grant GM40884 frosm the National Institutes of
Health.

P The abbhreviations wsed ave: HRG, hereguling v, vecombinant, ROE,
epidermal growth farton

beled BGF-like domain of HRGE1 (residues 177-244) can be
chemircally cross-linked to a 180--185-kDa protein on breast
carcinoma cell lines and ummunoprecipitated with anti-
p1857® gntibodies (2). These data argued that erbB2 is a
target/receptor for HRG. However, additional studies revealed
that HRG binding and activation of pl857%% was not always
observed in cells that expressed erbB2 (8). Thus, these cbser-
vations indicated that ancther cellular component, perhaps
closely related to erbB2, was necessary for conferring full HRG
responsiveness. Recently, we obtained data suggesting that the
erbB3 (HER-3) protein is a candidate for such a component (7).
Specifically, a single class of HREG binding sites was observed
when hovine erbB3 was expressed in insect cells using a bacu-
loviras expression system. However, the affinity for the HRG-
erh B3 binding interaction (K, ~ 0.9-3.0 nm) was significantly
weaker than that measured for the binding of HRG to breast
carcinoma cell lines (K, ~ ¢.1 nm) (2). Moreover, no increase in
erbB3 protein iyrosine phosphorylation was observed upon
HRG treatment of insect cells expressing erbB3. These find-
ings, together with those implicating erbBZ as a target for
HEQG, raised the possibility that erbB3 may work together with
erbB2 to provide a high affinity receptor for HRG with tyrosine
kinase capability. The present study sddresses whether direct
interaction between HRG and pl867*% can be mediated by
erbB3 and if p1857*®? ig required to generate a phosphorylation
signal.

FYXPERIMENTAL PROCEDURES

Antibodics to erbB2 and erbB2 Proteins—The anti-pl86-*8 mmono-
clonal antibodics 388, 204, and 2HIL have been deseibed previcusly
(B). Western biot anslysis for pI85TP8? was performed using the anti-g-
new monoclonal sntibody, 4b-3, obtained from Onoogene Sciences. Wast-
ern hiot analysis for the «r8B3 protein was povivrmed using an anti-
erdB3  polyclonal {rebbit! antibody obisined frem Traunsduction
Laborsiories. Antibodies to the synihetic peplide ELEPELDLIDLD-
LOLE, corvesponding to restdues D86-998 of the human erkB3 protsin,
were vaised in rabbits and affinity-pusified essentially a8 described by
Frigent & el {9).

Recombinunt Hereguling-—The dats presented hers were gonsrated
using the 68-amine ackd peptide corresponding to the EGF-like domain
of HRG31. The EGF-like domain of HRGEL correaponding to rasidues
177 to 244 was sxpressed in Escherichio coli and purified to homopge-
neity as described previously (2} We have verified that the faull-length
versions of HRGHL and HROCwo produced and purifled from mammalian
cells both bind {o 7688 and exhibit the high affinity binding elicited by
the presence of 2r&88 together with erbB3. Thus, in sgreement with
previous cheervations {2), the EGF-{ike domain appears to be puflicient
for HRE binding and the speaficity of binding is not datectably o or 81
iscforme-specific in this svstem.

Expreswinn Vectors and Transfeciions--The ¢INA enceding bovipes
arbB3 was subcloned into the pRK7 expression vecfor containing the
cytamepaloviras promoter (30, The cONS encoding human erbB2 alse
in pRER7 was obtained frosm Shaven Fricksen, Genentect, ¥Yne. COSW7

14661
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mids need for trangiection. The wital ameunt of expression plas-
mides wsed for bansfection remarned constast st ail ratios
thrsuhhsm‘s G iven periment. Scotchard analysiz of HRG

binding to cefls transfected with a 30-fold ¢ of erbBE over
erbﬁz is shown in Fig. 18, The curvilir nuature of this
Reatechard plos indicates the presence of twws binding sites with

e

different affinitiss. The him; affinity sites (1.3 x 107 sitesfoatl}
bad a &, valne of 0.02 = 001 nm, whils the lower affinity
binding sites (2.4 » 10" sttewsesdl} had 2 K, of 2.0 % 1.1 v, The

latter value was similar o that reeasured for OO87 celis trans-
foctod with ¢r8B3 slone. Incressing the amount of @rbH2 ex.
prossion plasmid to erdB3 expression plasmid used for irs
fection caused #6 ingrease hn the number of bigh affinity
hinding sites, Morenver, when an expression plagmid for erb B3
wiae transfected mto DHFRGE cells, g fibroblast cell Hae ihat
expresses nes (133 but does nol normally bind HRG, only
were phearved (X, = 0.02 aM;
¢, while
ploris

ey
nigh affinity HRG binding sic
dais not shown ) Taken together these dotn indicaic th
theerb B3 proteln alone hinds HRG, a bigher affinity
generated when erbBQ Is axpressed tigother with «rb B3

Chemieal eross-Hoking experimenis were uiilized fo study
the interaction of HR{F with the or5B3 prototn in the presence
aod abaenece of the erSB2 protein, Ax shown in Fig. 10, HRG
specific eross-Hnked produsts in the 376190k range were
abmerved when COS8-7 cells weore transfecied with the orbB3
exprossion piasmid fams € and #3 No detectable
eross-linked proteins were ot towith phe vector contval or
the erbBE alone trans and <) Hipher
molecular mase complexes (Fig, S and &) were also
observed when cross-linking was pz‘r‘m"xwd an DOSST eells
transfected with er&BA. This complexs migratad wmore slowly an
u % pelyscrviamide gel than armbinant apati-
wopretein{a), & protein with an apparent melecular mass of G4
k3a €143 The intensity of this high melscuiar size complex
compared 1o the 17E-180-kDa product 1 greater io colls trana-
focted with »~AB2 and 2rHB3 then in pells travsfected with
2rBHS alone, indicating & greater propenaity to forme multimarie
species upan HEG binding o the double travafectants.

The divact role of erbB2 in the formatien of a high '*dTmi;‘v
HR{G »

ey

splor wass further addrassed using a panel t- TR
einnal antibodies previously developad & gy We
have determined that severnl anthpisds monoclimal anii-
badies weve capable of inhibiting ARG binding and tyee
phospheryiation of pla5~ "B in iroast carcinoma ce
of thess antibodies, 204, was tested for its ability ¢
binding to ¢ fected with er2 B3 alone or with rm’;}L and
ore B3R, Az soen in Fig. 24, HREG binding 1o CO8-7 colls ovpress-
ing both erbB2 and oHBS waos indibited by 204 in & d
dependent mpanner. The residund HRG binding remaining,
the presence of sabuvaiing conceniraiions of 204,
HREG binding @ Pr:)l’ﬁ{l, sinee the amount of bindivg
was stmibar Lo that measured 1 CO8
sione. In contrasi, HRG binding to
erbBE alone was vot signilicantly hnhibig
The ddentity of the cross-linked spe
imrnunopresipintion experiments usin
ted spainst piSETHH {8) and a
tody raised agminst a eynbhetic peplide corresponding to remi-
<‘L-e~‘s BRE-GHE of lie homen @683
5 ware performe:
: ﬁ-?ubii"' 1 owith 6.1

40

0
wasg due o

abgurved

cells expr #
ed by 2004

war examined bs
a moniclonal aptib

rabbil polvcional snti-

protein. Chemdeal cross-
o Fig. J(ﬁ‘. but cells
\;I)‘) and 1% Taton

erhBY ¢

fodd, we

wearg nat ¢

iin
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show a nearly identionl pattern (o colls axpressing erdB2 alone,
The relatively low level of high molecular siee complex that is
hmmunoprecipitated with. the anil-erbB3 antibodies suggestu
that the erd B prolein may be inefficlently cross-iinked to ivself,
Adtor eross-linking the electrophoretic mobilities of the er6B2
and erbB3 proteins were not distinguishable in these gel sve-
berns, This is in sgeeement with a recent repert that demon-
strated the molecvinr size of the orh B8 protets s approximately
180 kD2 in bresst cercinoma cell lines (1585 o definitively
determing whether HEG was directly bound 10 erbBEZ, as wall
as to ardB3, we performed oress-linking experimenia in the
presonce of an erbBE antibwdy, 3C4, that specificaily blocks
HERG binding io 262 (but not to erbR31 To de this, the COB-Y
transfectante were ineubated with the 204 or with & control
erbB2 antibody (28111) that does not inhibit HRG binding, prior
to insubation with T rHRGAL and chemdeal cross-linkiog re-
agenis. The HRG oross-Hinked products were then immunspre-~
cipitated with anti-erbB2 or anti-erbB3 antibodies, The results
presented in Fig 28 (Jane 73 iHastrate that 304 antibady pre-
venied the immusnoprecipiiation of a2 HREO sross-linked band in
ceils that wers transected with both vrbB2 avd erh B2 and then
Smmunopre itated with an anti-erbBR aniibody Mo inhibition
zs abserved with the contral aniibedy Jane &1 No inhibitton
was ohserved by the 204 antibody of the hmmuneprecipitation
of a HRG ouss-linked band when cells wers trapsfected wath
erb B3 alone, or with erdBS and erd B4, when immunoprecipiia-
nmne were periprmoed with the specific aoti-erSf35 antibody
(Vig. 28, lases 17 and 15}, These data support the specificity of
the 204 monodonal antibedy for erb B2, Thus, «rbB2 will di-
reotly bind fand cross-link' ¢o HRG, but only when «#8B2 is
eaxpr-:a.a.avd in the same
The HEG stimnlat

coptor tyrosing kinase activity of
the different G087 cell transfectants was examined using im-
wmenoblotting with anti-phosphotyrosine antibadies. &s shown
in Fig. 34, cells transtecied with a contral exgression plaamid
{{ane | inench panel) or an expressing plasmid fhr erd B2 (ane
2 in esch panel) showed no HRG-dependent increase in tyro-
sine phosphoryiation. Cells tranzfectad with or&B3 alone {lane
3 in each panel) showed o slight phosphorylation signal in
response o HRG, Howsver, a2 marked HROG-dose depesudent
tyreaing phosphoryiation signal was obtalued with COS8-7 cells
expressing both e B3 and ¢rdBE {fune 4 in eavh panel).

To further investigate the role of er& B2 in the geseration of a
tyrosine phosphorvigtion sigpnal, COS7 cells that had been
transfected with ordB3 rlone e with erbBE and ¢rBR3 ware
incubated in the presence of the astiwrdB2 sntiboedy, 2004, and
then assayed for HREG-dependent {yrosine phogphorylation ac-
tivity As seen fromg Flg 3 (panel B), incubation with 204 sig-
nifieantly decrensed the HRG.stimulnted tyeosing phospho-
rylation in the erbBaerbBS trausfectants, Although the 2rH B3
protein iz capable of binding HEG alone, this hinding event
does not sppear o genersie & slrong tyrosine phosphorvliation
sigmal. There pre other reasons o guesiion whether erb B3 in

capable of aotaphosghoryletion or tyvosine kingse activity
Paremost amaong thes that the comparison of the sequences
of a number of profein kinases indicaios that oA BY differs from
alt other kinases at four pesitions; partleuiarly noteworthy is
the presence of an asparagine restdue at position 834 of orbH3
whii an aspariie geid o all oiher kinases and which is
thoughl b be an essentinl residne in the active center of protein
kinase A (16~18), Simiiar amino acid substitutions when pre-
sent 1 &80 (193 or fps (207 result in a protein that ix Kinsse-
defective. It is perhaps sigpificant that the csrboxylie rmmesl
domain of orbBE cornains 13 potential phogphorviation s
{24, 221, whersss other members of this seoplar famsily contain
four or five, Thus, even if erdBA 1y incapabie of aum;\ho—\p‘r.o»
rylation o tyrosine kinnse activity, # may he phoaphoryla
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HRG, precipitaied with anti-erb6B2 and antierbB3 antibodies,
and then the precipitaies were Western blotted with anti-phos-
photyrosine antibody. The data presented iz Fig, 8C show that
both erbB2 (lgne 2) and erbB3 (lane [0) are racognized by the
anti-phosphictyrosine antibedy in 2 HRG-stimulated manner
This type of dual phosphorylation could cceur through a mum-
ber of possible mechanisms. For example, HRG binding to
erbB2 within a erbB2-er5B3 complex ronld stimulate orbB2 to
underge an intramoelecular autophosphorylation event as well
as te traos-phosphoryiate erbR3. It is also possible that, ai-
though erbBE alone shows little if any tyrosine kinase activity,
the presence of a high local concentration of a polential sub-
strate, erbB2, within an erdbB2-2rhB3 complex may enable the
weak kinase (erbB3) to frans-phesphoryviate erbB2. A some-
what similar situation has been described by Spivak-Kroizman
et @, {23}, who studied the interaction of & kinase negative
point mutation of BGF receptor and its lnteraction with erbB2.

In summary, we show that the formation of a HEG-stimu-
lated erbB2-2rbB3 interaction provides for a potentially novel
signaling system, where one of the participants (erbBR) alone
has little or oo tyrosine kinase activity, but when expressed
with erbB2, contyvibutes to & high affinity growth facter binding
site and provides unigque tyrosine residues, which, when trans-
phosphorylated, may recruit specific signaling molecules. This
differs {rom other interactions that have been characterized
such as EGF-stimulated BGE receptor-pl85 % complex {24~
273, and the more recently reported erbB2wr&B4 (FHER4L) com-
plex (28}, where in both cases, each of the protein components
making up the heterodimer s a fully active tyrosine kinass and
capable of sutophosphorylation. Nonetheless, given the poten-
tinl for a number of different HRG-stimulated heterodimeric
complexes, it may be that these different combinations ars
partially responsible for the pleiotropic bislogival aetivities that
Lave been associaied with the large number of HRG/new dif-
ferentiation factor/acetylcholine receptor inducing activity/ghial
growth factor gene products.

Ackhnowledgments—We thank N, Abadi, R, Haves, and H, Heinsohin
for their assistance in the development of rHRG purification proce-
dyres; K, Meote and G, Benneit for technical advice; and D, Baton for
recombinant apolipoprotein(a). K L. €. acknowledges Dr. Lewis C.
Cantley for sappori, sdvice, and encouragement.,

REFERENCES

1. Marchionni, M. A., Goodearl, A. 13, &, Cher, M. 8., Bermingham-McDonogh,
O., Kirk, C., Hondricks, M., Danehy, I, A . B, Sudhaltsy, J.. Kota-

2.

i1,
12,
13.

18,

9.
18,

1%.

. Moran, M. €, ¥ach, C. &., Sadewski, 1., snd Pawson, T

. Kraws, M. H_, fssing,

OnCusp
Ex. 1002

14885

yashi, K., Wroblewski, D, Lyneh C., Baldesare, M, Biles, T, Davis, J. B,
Hsuaz, & J, Totty, N B, Oton, M, McBamey, R. N, Watecfiold, M. D,
Strockant, £, and Gwynne, [N (1993) Natere 3828, 312-318

Hakmes, W, E., Stiwkowski, M. X., Akita, R. W, Henzel, W. J,, Lee, 3., Park 3.
W., Yansurs, D, dbadi, N., Raasb, H., Lewis, G. D, Shepard, M., Kuang, W.
3., Wood, W. I, Ooeddet, B. ¥V, and Vendlen, 8, L. (1802) Science 358
12081210

. Weny, D, Peles, B, Cupples, B, Suggs, 8.V, Basue, 8, 8., Lue, ¥, Trail, G, Huy,

8., Silbiger, 8. M., Levy. R. B, Xoski, K. &, Lu,
Ceil 88, BES--BTH

. 8., and Yarden, Y. (3933}

. Fallg, It L., Soser, ¥. M., Corfas, &, Lane, W. 8., and Fischbach, G. D. {1933}

Cell 72, 801-818

. Peles, B., Bacus, 3. §., Roski, R. A, La, H. 8., Wen, D., Ogden, 8. G, Ben Levy,

R, and Yarden, ¥, (1932) Ol $9, 205-216

. Peles, B, Ben-Levy, R, Teshar, B, Liy, N, Wen, D, and Yarden, Y. {1863}

RBMWBO J. 1%, 961971

. Carvawsy, . L., Y13, Shiwkoewshi, M. X, Akita, K. W, Blatks, &V, Guy, P M.,

Ruijons, A&, DMamonti, A, 3., Vandien, R. L., Cantley, L. ©., end Cerione, R.
A {Q804) o, Biel Chem. 288, 14303-14306

Fendly, B, M., Winget, M., Hudziak, R. M, Lipad, M. A, MNapier, M. A and
Ulirich, & {1380) Cancer Rer, 8¢, 15501858

Prgeny, 8. A, Lemoing, N. R, Hughes, €. M., Plowsman, 8. 0., Selden, €., and
Gullick, W..J. {1892) Oncogene 7, 1279-1286

. Gorgaan, O M, Gies, 1. X, angd MeCray, G. (1990} DN4 Protein Eng, Tuch. 2.

3-10
Rebk, R, J., Greene, W. C., and Rusk, C. M, (1884) J. Exp. Med. 186, 11261148
Munsen, B, and Bobard, D. (1880} 4nai. Binchem, 167, 220233
Mung, M.-C., Schechter, &. L., Chevray, B-Y. M., Stern, DL F, and Weinberg, R.
AL {1988) Proe. Nutl dcad. Ser, U1 8. A 88, 281

. Hoachineky, M. L., Tamiinsen, J. B, Zioneheck, T F, Schwartz, K, ¥aton, 0.

L., and Lawn, B, M. {1881) Riachem

ry 38, 50445081

. Kraws, M. H,, Fedi, £, Starks, V,, Murare, R., and Aarensor, S. &, (1993} Froc,

Natd Acad. Sei, Ul S0 AL 80, 28002884

HEnighton, . R., Zheng, 4., Tea Byek, L, F, Ashdord, V. A, Kueong, N-H., Tayior,
S., and Sowadeki, J. M. (1831) Science 253, 407314

Gibbs, C. 8., snd Zoller, M. & (1991 . Biol Chemn. 288, R9Z3--8831

Chay, Y.-H., and Baymas, M. J. {(i991) Froe. Naii, Acsd.. Sci. U 8.4, 88,
48974801

Tan, 4. €., Nocks, K., Ray, P, Trakiman, £, and Besmer, ¥ (1930) Sciencn €47,
203412

11988} Sncogene 3,
885872

W.
Proc. Nat, Acad, Sei.

Milkd, T, Popeseu, W. £, and Aavonson, 3. A (1589)
J5: A B8, D183-8187

C:

. Plowman, G. D., Whitney, G. S., Neubauer, M. Q. Green, 4. M., McDonald, V.

L., Todars, G. J., snd Shoysb, M, {1990} Proc. Nadl. Acad. Seci, U S A 87,
4805--4808

. Spivak-Kreizmar, T, Kotin, 0., Pinchasi, D, Ulirich, A;, Schiessinger, ., and

Lax, 3. (1892) J. Biol. Chem. 387, B356-8083

. King, C. R, Borrello, 1., Bellt, F., Comaoglio, B, and Schiessinger, J. (1888

EMB0 J. 7, 18471631

. Conmelly, P A, and 8tarn, D P (1880) oo, Nadl dead. Sei. U S A 87,

80548057

. Goldman, R., Levy, H. B, Peles, B, and Yarden, Y. (3980} Bivchemialry 28,

11034--11028

27 Qinn, X, Decker, & 3., aud Creene, M. 1 (1888} Prue. Nail. dead. Soi, U1, 5. 4.

83, 13301844

- Plowmasn, G. ., Green, J. M., Culeusess, J.-3., Carlton, G. W, Rothwell, V.

M., and Bueldey, S. {1983} Nature S$86, 473475,



OnCusp
5578 of 14295 Ex. 1002

Nonclinical Studies Addressing the Mechanism of
Action of Trastuzumab (Herceptin)

Mark X. Sliwkowski, Julie A, Lofgren, Gail D. Lewis, Timothy E. Hotaling, Brian M. Fendly, and Judith A, Fox
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HER2 is a ligand.less member of the human epidermal
growth factor receptor or ErbB family of tyrosine ki-
nases. In normal biological systems, HERZ functions as
a co-receptor for a muiltitude of epidermal growth fac-
tor-like ligands that bind and activate other HER family
members. HER2 overexpression is observed in 2 num-
ber of human adenocarcinomas and results in consti-
tutive HER2 activation. Specific targeting of these tu-
mors can be accomplished with antibodies directed
against the extracellular domain of the HER2 protein.
One of these antibodies, 405, has been fully humanized
and is termed trastuzumab (Herceptin; Genentech,
San Francisco, CA). Treatment of HER2-overexpress-
ing breast cancer cell lines with trastuzumab results in
induction of p27%'"! and the Rb-related protein, pi30,
which in turn significantly reduces the nymber of cells
undergoing S-phase. A number of other phenotypic
changes are observed in vitro as a consequence of tras-
tuzumab binding to HER2-overexpressing celis. These
phenotypic changes include downmodulation of the
HER2 receptor, inhibition of tumor cell growth, re-
versed cytokine resistance, restored E-.cadherin ex-
pression levels, and reduced vascular endothelial
growth factor production. Interaction of trastuzumab
with the human immune system via its human immu-
noglobulin G, Fe domain may potentiate its antitumor
activities. In vitre studies demeonstrate that trastu-
zumab is very effective in mediating antibody-depen-
dent cell-mediated cytotoxicity against HERZ-overex-
pressing tumor targets. Trastuzumab treatment of
mouse xenograft models results in marked suppression
of tumor growth. When given in combination with
standard cytotoxic chemotherapeutic agents, trastu-
zumab treatment generally results in statistically supe-
rior antitumor efficacy compared with either agent
given alone. Taken together, these studies suggest that
the mechanism of action of trastuzumab includes an-
tagonizing the constitutive growth-signaling properties
of the HER2 system, enlisting immune cells to attack
and kill the tumor target, and augmenting chemother-
apy-induced cytotoxicity.

Semin Oncol 26 {(suppi [1):60-70. Copynght © (1999 by
W.B. Saunders Company.
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swih factor {also known
: amily of receptor tyrosine
are important mediators of cell growth,
differentistion, and survivalh® As shown in Fig i,
the receptor family s composed of four distinct

2

nembers, including epidermal groweh factor re-

cepror {EGFR; HERL or ErbBi), HERZ {nex or

ErbB2Y, HMER3 (E ?B};, and HER4 (yrol or

EebB4), Within a g n tissue, these receptors are
pre

rzareiy, tf ever, ex d alone, but are found in
various ::ombmai.mn At prc sent there age nine
figands thar bind directly to BGFR, HER3, or
HER4, HER? slso becoraes a(,t:vated 23 & resuit of
tigand binding to other HER fau mibers. Fur-
thermore, blocking the association of HERZ with

ily me

nd-mediated signal-
tial component of

these receptors inhihits B
ing.*® Thus, HERZ is an es
these recepror complexes, although no ligsod has
been characterized at the molecular level thar io-
teracts with HERZ alone.

Fecently, the HER receptors have been studied
either slone or in specific combinations !t Li-
gand-receptor  complexes that inclade HERZ
appear to he more pwtem than other receptor
cornbinations, Features of HERZ-containing com-
plexes that may account for enhsoced receptor

signaling inclide the convension from a low-aflin-
ity 10 1 high-affinity growth factor binding site,!?

which results from a decrease in Hgand dissocia-
vion from the compler.’ Second, the infernaliza-
tion rate of HERZ receptor complex is nearly an
order of roagnitude lower than that observed for
EGFR.? The higher-affinity binding state and the
decreased internalization 13
ceptor-ligand cc*nple,x that resides looger on the
siasmia membrane and prolongs the duration of
receptor signaling. Third, HERZ is a very sctive
pyrosine kinase’ that also can be constitutively

2 may result in 2 re-

tion o traxsphosphoryiating
activare:d HERZ 3h<i» :h . '} ares i’L(/y B activates

ciztes wnh the cyain‘
and CHE.?? Herer

roraéd-

25 gppears to increase the diversiey of Mcﬂular
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Fig I. Schematic representation of the human epidermal
growth factor receptor (HER) family and their ligands.S

igands for these receptorms. S0
Activatt

HERZ  occurs

through self-association and by transactiv

fom

(213 of  sonrcuiaes

£ion

with other related

-

stor family members. In
ancer, gene amplification results in HER2
levels in tumor cells that are 10- to 100+
fold greater than vhar found in rthe adjacent nor-
mal breast epithelium. 26 Since HER?Z is localized
in the plasma membane, its diffision ia limired o
two dimensions; thus, even moderate overexpras-
sion of HERZ can lead 1o a constitatively activated
recepron.?? Soon after the HERZ gene was cloned,
and well before its role a3 bunit
appreciated, compelling clinical data were gener-
ared demonstrating that HERZ gene sruplificatio
pradicts a poor clirdcal cutcome.®8 Although these
data were controversial ar fivst, ar present the
general consensus is that HERZ overexpressic
‘negative prognostic  indicaror for bres
cer 39 Subsequent studies have shown that
HERZ overexpression correlares with shorrer dis-
ease-free interval and overall survival?t Morecve
ies bave shown that the pres-
iar alteration is predictive of
ase tegardiess of diseass stage or
node siapus 2234

A role for HERZ as an oncogene was fist ap-
preciated in rodent systems, The activated form of
the rodent homolog of the HERZ gene, c-nan, was
imitially identified as an cxtremely potent trans-
forrning oncogene in DNA isolated from rate
treated with ethvinitrosourea.” This version of
the new oncog
the ransmem

comprehensive stud
ence of this malec

aggressive dis

erie contained 3 point mutation in

rane domain, which resulved in the

&1

new protein existiog in a constitutively activated
stzre. To date, no snalogous mut s have been
found in human tomors 58222637 Badher, the mo-
lecular alteration that cocurs ATRAT: CADCETS S
n of the normal gene produce. Over-
axpression: generates a constitutively activated re-
cepror and leads to wesosformation of both
NIHATE
hat this alteration may play a pathogenic role in
tumorigenesis, 2841 Addis
ardm the
nonmutared new oncogene in their breast tssue
develop brease turnors after puberty with a high
degree of peoetance.®? Taken rogerher, these d
HER? overex

role in neaplastic transformation.

GVErExXpra

is and human breast cells, suggesting

snadly, female rransgenic

that are engineered to overexpre

thas

sugge ession has an a

TARGETIMG HERZ-OVEREXPRESEING
CANCERS

A ouraber of approaches have been used to
therapeutically target HERZ-overexpressing cane
cers.A? A common approach, based on similar stud-
ies with the closely related BEGFR, has heen the
generation of antibodies that inhibit the growsh of
cells which possess activared HERZ/neu recep-
tors.44-49 Analysic of one of these panels of and-
HERZ moncclonal antibodies led o the identih-
carion of the murine monocional, 41559 This
antibody recognizes an exuacellular epitope {ami-
0o acids 529 to 627} in the cysteine-rich H domaio
that resides very close 1o the transmershrane re-
pion. Trearment of breast cancer cells with 435
partially blocks hersgulin scebearion of HERZ-
HER3 complexes, as measured by receptor phos-

ohorylation assays.® To allow for chroois human
administrarion, mwrioe 405 was filly Bumanized

1o generare trastuzumab {Hercepting Genentech,
San Franctsco, CA}. Sclution-phase binding stud-
{os determined that frastuzureab binds to the -
combinant HERZ extrscellslar domain with an
athoivy (Kd

: 4} of 0.1 nmolfl, which is threefold
greater than 4055

N VITRO EFFECTS OF ANTLRHER?
MONCGCLOMAL ANTIBODIES

All the antibedies generated against HERD were
assessed for their ability to inhibit the anchormge-
dependent growrh of human cancer cell lines. Sev.
eral of these sntibodies exhibired antipro
activity toward cell lines that expressed higher-
than-normal levels of HERZ. This chservation was

< .
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also exended o inclade assays performed in soft HEYZ, The effect of these sntibodies on the cell
agar or in an anchorage-independent format, and cyele is dose-dependent, with maximal inhibitory

i
i
i
B

simifar results were obtained.5? The most porens acrivity occurring at antibody  concentiations
growth-in sry antibody of this panel was 4D5. greater then 1 pgfol®? To address the molecular
Cell ovdle analysis following teatment of SK- basts for kgmwth arrest, SE-BR-3 cells were treated

BR-3 breast cancer cells, whinh oxpross high Jevels with trastuzimab; cell hysates were then probed by
of HER2, i shown o Fig 2. Trastuzamab or 4005 unnmoiv o cm';*yosﬁ wttb reagents specific for

significantly reduces the percentage of SK-BR-3
cells undergoing S-phase and increnses the per-
centage of cells o QUG In conwrast, HERZ remihd in n‘alifui 1-,(}:1&_‘[1(‘3(1 oi' the {2 175/2 Pu YEEE
antibady treatment does oot affect the cell line inhibitor, pZ7%) Moreover, & siraitar induction
which

normal  amounts of of the rerinoblastoma-relared protein, pi30, was

muMAb 4D3 rhubiAb HER2
BS=23.88 %8=23.57 %8=23.76
%GpfG=67.17 %G/0=67.53 %Cof/G=67.75
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Fig 2. MCF-7 (A-C) or SK-BR-3 (D-F) cells were plated at a density of 2 X 10%/dish in 66 mm X 15 mm culture dishes and allowed
to adhere overnight. Monolayers weve washed with phosphate-buifered saline {(PBS) and incubated with media containing trastu-
2umab or control antibodies at a concentration of 10 ugiml., Following a 72-hour incubation, cells were trypsinized, washed with PBS,
fixed in ice-cold methanol, and stored at -20°C. Fixed celis were then washed twice with PBS and allowed to incubate with RNAse 100
pgimlb. (Worthington Biochemical, Lakewood, NJ) for 30 minutes at 37°C. Following centrifugation, nuciel were subjected to
propidium iodide 50 ug/mL (Molecular Probes, inc, Eugene, OR) staining in PBS. Samples were analyzed by flow cytometry (Epics
Elite; Coulter Corporation, Miami, FL) using Modfit LT software (Verity Software House, Sunnyvale, CA).
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Fig 3. Induction of the cell eycle inhibitor p27%'"! and the
retinoblastoma-related pi30 protein in SK-BR-3 cells treated
with trastuzumab. Cells (1.5 X 0% celis/fwell} were plated in
six~weil dishes and grown to approximately 50% confluence in
medium containing 10% fetal bovine serum. The medium was
removed and treatments {(trastuzumab, {6 ug/ml) were pre-
pared in fresh medium containing 0% fetal bevine serum and
added to the culture dishes. Incubations weré stopped by the
addition of 0.5 mL sodium dodecy! sulfate sample buffer (5%
sodium dodecyl sulfate, 2% B-mercaptoethanol, 10% giycerol,
50 mmolfl. Tris HCE, pH 6.8). Samples (20 ug of protein/lane)
were electrophoresed on an 8% to 16% Tris-glycine gel (Movex,
San Diego, CA). Protein was transferred from the gels to
nitroceliviose. Western blot analysis and detection were done
following the manufacturer’s instructions (ECD; Amersham,
Buckinghamshire, UK). Primary antibodies used for p27<'P!
and the retinoblastoma-related pl30 protein immunoblots
were rabbit polycionals (S8C-317 and SC-528, respectively;
Santa Cruz, Santa Cruz, CA) and were used at 0.1 pgimb. Both
pratems were detected with an anti-rabbit horseradish perox-
id jugate dary antibody used at a titer of 1:10,000
{ALf 3404; Biosource international, Carmarilic, CA}.

aleo observed. These dats are consistent with the
observation that trearment of HERZ-overexpress-
ing rells
results from an inhibiton of cell cycle progression.

Cells that overexpress HERZ are irx
resiarant o rhe cyrotoxic effects of twmor necrosis
factor-a.5* This observarion suggests thar HERZ
mverespression roay potenyiate tumorigenesis by
inducing tumor cell resistance to host defense
hantsms. Purthermore, when HERZ-overex-
pressing cells are treated with the murine mono-
clonal 405, they become sensitized o tumor ne-
crosis factor-o freatnent.??

Moleoudes involved in cell adhesion are adso
thoughbt 1o play a critical role in malignant pro-
gression. One of these molecules, E-cadherin, plays
a central role in malneaining epithelial cell mor-

phology.?® A reduction in E-cadherin syﬁthesm
can be corealated with inoreased inw

is antiproliferative and thar oyrostasie

vinsically

e

VRN

Jverexpression of HERD in normal human breast
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apithelial cells reduces morphogenesis in vigo™7
These HERZ transfectants express significantly
tower levels of B-cadherin as well a3 the «2 inte
gun subunit. Treatment of these FERZ transfec-
tants with 4129 restores E-oadhernio and ol inte-
grin to notmal levels. ™ Taken together, these dara
suggest that HERZ o verexpression affects adhesion
raclecule synthesis, which in o roay conuibute
ro the metastatic process and malignent progres-
ston. Targeting HERZ overexpression with voos
clonal antihodies such as 4135 and trastuzu
may be effective in controtling metastatic pores
tial

Angicgenesis is a critical survival function for
solid monors. 5 Vasoular endothelial growth fac-
. I ’ . - . L C

ror is one of the more important mediators of
EEROT ;mgiogersa‘ s

! Recenily, it bas been dero-
cnstrated that reatment of HER 2-overexpressing
rumor cells with 4D5 decreases vascular endothe-
fial growth factor production.® Suppreassion of an-
gicgenesis may enhance the activity of anti-HERZ
monoclonal antibady thempy o vivo.

AGONIST PROPERTIES OF TRASTUZUMAR

Several reports have suggested thar binding of
45 to HERZ activates the receptor, as monitored
yiation.®?
In addition, c-fos induction® and increases in ino-
sital polyphosphate and diacyl ghycerol synthesis®
following 4135 treatment also have been reported,
These agonistic properuies ate diffinuds o reconcile
the potent cytostatic activity of 4D5 or wastu-
zumak on the growth of human twmor cells thar
overexpress HERZ.S52
candtion of the role of HERZ as
a shared signaling subunit with other HER recep-
tor farnily membess, rhe |
rastuzumab have i_“
CXpress norma

by an increase in tyrosine autophosph

~

With recent re

gand-like propertics of
£11 re~“¥amined MOE-T wells
veis of HERZ and are not
rreatment.
MCE-7 cells were treated with trastuzumab, 4135,
or recombinant heregulin (fHRG). Cell lysates
were prepsred using denaturing (sedium dodecyl
sulfate} or nondenstwring {(nonionic detergent,
Trivon ¥-100) conditions. These latter conditions
are freguently used for exeminarion of recepror
activation or co-tmumunoptecipitation of media-
tors invelved in signal rransduction. As shown in
Fig 4, trearment of MOCF-T celis wuh tHRG resules
in HERZ tyrosine phosphorvlation, regardless of
the manner in whick the cells are lysed. In con

growth  inhibited by
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Lysis Conditions: Denaturing Non-Denaturing
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Fig 4. Phosphotyrosine analysis of HERZ. MCF-7 cells were seeded in 24-well plates at 1.5 X 105 celisiwell and allowed o grow for
2 days. Before treatment, cells were transferred to medium without serum. Cells were treated for 3¢ minutes at rcom temperature
with 4D3 (16 pgiml), trastuzumab (16 pgiml), or rHRG (300 pmolil). Cell lysates were then prepared using denaturing or
nondenaturing conditions and aliowed to remain at room temperature for 3 hours. For nondenaturing conditions, lysates were
prepared in 8.5% Triton X-100, 50 mmol/L Hepes, 150 mmolil. NaCi, | mymel/L phenylmethylsulfony! fluoride, 2 mmolil. MaVQ,, and
5 Kit¥mlL aprotinin. Sodium dodecyl sulfate-polyacrylamide electrophoresis buffer was used for denaturing conditions. Samples were
prepared for electrophoresis by adding an eqlivalent volume of §% sodium dodecyl sulfate and 2% B-mercaptoethanoc! to each sample
and than hasted at 100°C for § minutes. Following sodium dodecy! sulfate-polyacrylamide slectrophorasis, proteins were transferred
to nitroceliulose membranes and probed with anti-phosphotyrosine monocienal antibody (#8120H; Transduction Labs, San Disgo,
CA) linked to horseradish peroxidase used at a final concentration of ¢.125 ngfmi..

trast, 413
phosphorylation ondy when lysates are prepared in
nonionic detergent. Although binchemically in-
teresting, this phosphowvistion event does nior ap-
pear to be physiclogic. A similar artifact has been
reparted for anti-EGFR reonoclonal antitbodies.s¢
When similar experiments are performed with 3K-
BR-3 cells, which overexpress HERZ 2nd are
growrh inhibited by wmastosumalb teatment, the
results are confounded by a high degree of basal
tyrosine phosphorylation that exists on HERZL
Taking this high baseline phosphotyrosine level
o account, trastuzumab rearment of SK-BR-3
cells resules in a modest bur reproducible increase
in tyrosine phosphorylation content, which is in
agreement with previous published stndies?

T assess whether reastuzummab trearment causes
further activation of the HERZ signal transduction
pathway, the commen adapter molecule, she, was
examined. MUOF-7 or 8K BR-3 cells were treated
with trascuzumab, 405, or THHG, and cell lvsates
were then prepared using denaturing conditions.
Imrunoprecipitates of she were preg
munoblots were then probed with anti-phosph
tyrosine antibody to determine the level of she
tyrosine phosphorylation. As shown in Fig 3,
fHRG wearment of either MCE-7 or SK-BR-3
cells resulis in o rapid increase in she phosphory-
fation that stained for appronimately

5 or frastuzumab results in HERZ tyrosine

120 min-

utes. Im comfrast, neither trastuzumab nor 4005
sreatment causes 2 sigrificant noresse i sho phos-
phorylation, Mitogen-acrivated protein kinases are
cormmon madiators of growth factor receptor sig-
nal transduction pathways. To further investigate
potential differences in downstream signaling, mi-
togen-activared protein kioase activation was ex-
atnined sfter exposure to trastuzumab or 1HEG. As
shown in Fig 5, strong mitogen-activated pr \ze‘n
kinase activation vccurs in either MCF-7 {Fig
top) or SK-BR-3 cells (Fig 8, bottom) only after
HRG trearment. These dara suggest thar while
trastuzumsb or 4035 may cause aurophnﬁphor"l&
tion under some conditions, downstream signaling
pathways are not significantly acrivated,

Orther detailed investigations have been under-
taken with well-characrerized panels of and-HERZ
f[]()ni)(;;(ln?ii Zlf‘\il})()l)li‘.‘h ]T: are att

empt ¢ correlate

agonistic activiries of rhese antibody panels with
ed biological outvome, e, cyrosise

> sirict correlavion exists
between any one measured biochemical parameter
and ; ferative activity, Rather, a mnamber of
artributes ermerge a8 COMpOTents
HERZ cytostatic activity, These include antibody
affinity, bivalency, pl dependence of binding,
downmodulation, internalization, and the abiliry
o block HERZ association with other HER family

5 date, 1w

in asscesing anti-

members. It appears that the more potent antipro-
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Fig . Effects of trastuzumab or fHRG treatment on she phosphorylation in MCF-7 or SK-BR-3 cells. Cells were grown in six-well
dishes. They were serum-starved 24 hours before treatment and then lysed under denaturing conditions. Ceil lysates were immu-
noprecipitated with anti-she pAb (#514630; Transduction Labs) and immunoblotted with anti-phosphotyresine monocional antibodies

a3 described in Fig 3.

liferative HERZ antibodies share a number of these
characteristics, which together diminish the con-
vibution of HER2 o ligand-dependent and inde-
pendent sigualivg.

TRASTUZUMABR-MEDIATED RECEPTOR
LOWNMODULATION

Dowomaduiation of receptor-ligand complexes
is thought to be & major attevuation reechanisio
for receptor-induced signaling. Recently, it has
beeny shown that HERIZ, HER3, and HER4 e
impaired relstive 1o BGFR with regard o their
ability to undergo ligand-mediated endocytosis t?
Although the rate and precise mechanism for
downrocdulation of HERZ are vastly slower than
ohserved for BGFR, significant reroval of HERZ
from the plasma membrane cocurs with 4005 treat
meng4855,68

In summary, these data are consistent with the
notion that trastuznmab or 4105 induces obligate
formation of HER2 homodimers, parcicularly in
cells that overexpress HERZ, and that these ho-
modimers are capshle of receptor wansphosphoryla-
tion. However, antibody-induced receptor activation
does not appear o induce effective downstrean sig-

naling. Instead, trastuzumab trestment Jeads o
downmedudation of HERZ from the tumor cell sur-
face, The removal of HERZ from the plastna men-
brane presumably cesults i less teceptor available for
dinseri n with irself or other HER fomily reern-
bers, which in tum dimindshes the HERZ iniviated
constirutive growth signal

COMPLEMENT-DEPENDENT
CYTOTOXICITY

HBecause trastuzumab contains 3 buman imma-
nogiobulin (31 (1031} Fo region, w may be capable
of activating the human complement cascade, e
munochemical and functional analyeis demon-
straved that trasrazumab activated complement af-
ter binding to its targer antigen HERZ op five of
six hreast adenocarcinoma cell lines (M. Kir-
schfink, University of Heldelberg, pesonal com-
ganication, July 1996} However, trastuzumaab-
induced complement-mediated tumor cell lysis
was not chservad, which s likely due to the pres-
ence of membrane-associated complement regula-
tory proteins such as 2135 {complersent receptor
13, D55 {docay acceleraring facror), or CD46
{membrane cofactor protein}.” Complement-ac-
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treatment = trastuzumab

7,

e

treatment = rHAG

fime
{min.}

10 20 40 80 120 240

Fig 6. Detection of MAP kinase activation in MCF-7 or SK-BR-3 cells. Celis (1.2 X 105 celisiwell) plated in {Z-well dishes were
changed to low serum-containing medium (8.1% fetal bovine serum} 24 hours after adhering. Afcer an additional 48 hours, the
rmedium was changed again to serum-free for 1.3 hours to minimize any mitogen activated protein iinase activation in the untreated
celfs. Calls were traated for varicus times as indicated at 37°C with trastuzumab (18 pgiml} or rHRG {10 nmol/L). Incubations were
stopped by the addition of 8.4 mL sodium dodecyl suifate sampie buffer with reducing agent, Lysates were heated to 100°C for 5
minutes and then 25 ul was electrophoresed on a 4% to 20% Tris-glycine gel {(Novex, San Diego, CA). Western biots were probed
with a polyclonal antibody recagnizing the dually phosphorylated form (#V846TA; Promega, Madison, Wi} or antibodies that recognize
the unactivated forms of ERKI and ERK2, each used at a dilution of 1:2,000 (SC-094-G and 5C-154-G; Santa Cruz},

tivaring ability of the antibody was further sup- for medisting  trastuzureab-dependent  ADCO
ported by results from solid-phase binding assays. without prior ingerieckin-Z treatment, ovtotoxicity

; QOn binding of trastuzumeah to the brorcbilized assays were performed in the presence of antibod-
putified extracetiular domain of FHER2, the com- jes koown vo block the interaction of human gl
plersent cascade reaction could be dersonstrated Fe with specific Foy receptors. Data from these

to cocur up to the binding of the C5b-9 {mem- expenments demonstrared that trastuzumab-de-

brane atrack complex) {M, Fimschfink, University pendery ADCC securred primarily through inter-
of Heidelberg, personal communication, july scrions with the rype I recepror, or D16
1995}, FeyB Il is expressed primarily on naroral killer

cells, some monocytes, and activated T cells. As
shown i Fig 7, specific types of effecror cells were
isolated and rested in F:Cr release coyio

ANTIBODY-DEPENDENT CELL-MEDIATED
CYTOTORICTY

xicity
Antbody-dependent cell-mediated eyrotoxiciny
(AXIC)Y s rriggered when antibody-coated {op-

sonized) ravger cells interact with Fe receprors vhar 100 T m e T ot ey § TR
are presens on effector cells. Activated effector e st
is destroy their turgets by release of cvioplasmic T80 § i ttonncyies - lomstuzumat |
granules thar contain perforin and granzymes. Pre- > oo
Vit , s reported thar trastuzureab roediated :g ;
AL was very effecrive against tumor cells thas 2 %
overexpress’ HER2,54? In these studies, unan g 20
peripheral blond mononuclear cells were used as
effector cells and were pretreated with interlow o
kin-Z. Since trastuzumab cootaing an 13l Fe,
vrastuzuroab-dependent ADCC was expected to be Effector to Target {E:T) Ratio

mediated by Fov receptors , which are presers on

oeripharal biood oo . olis. T N he Fig 7. ‘Trastuzumab-mediated ADCC using purified natural
PERID ..:..‘(.3\ HOGE IGONOAUCIERT CLS. 1O RISESS D kilfer {NK) celis or monocytes as effector celis and ' Cr-fabeied
type of Foy receptors that are prineacily responsible SK-BR-3 cells as targets.

H
H
H
{
i




5585 of 14295

THE MECHAMISM OF ACTION OF TRASTUTUMAR
assavs using the HERZ-cverenpr breast can-
cer cell line, SE-BR-3, as a rarget. By varyiog the

ffector to rarget ravios from Q.1 1o 100, the effec-
tor 1o target rario where half-maximal cyrotesicin
acnurred could be determined by four-parameter fit
an’aiyqi% For niatural killer colls and wonocyees,
these valnes were determined to be 1 and 3
spectively, suggesting that these effector ¢ z
extremely potent in killing trastuzumab-coated
target cells.

The precise role of ADCT in vivo is difficuds to
3ssess in cancer patients undergoing immunother-
apy or in anirmal models. Aving of natural killer
cells by rumor-specific antibody has been postu-

anism for directing these effector
Since the binding of human
a relatively weak interaction

fared as 2 mec

cells to rumors.
1g(51 with FevRHIE
and the concencravion of IgG is b
effector cell arming with wastuzumaliis unlikely o
accar in vive. In coneeast, the binding betweesn
trastuznmah and HERZ is governed by 2 very high-
affinity tnteraction. To determine whether frastu-
zumab-mediated ADCC was affected by physio-
logic concentrations of Ig(G, cytotoxicity assays
were performed in the presence or absence of 10
mgiml human [gG. The results of these ¢
ments demonstrated that serum level conmentra-
tions of 1g(5 did not atfect either the hatf-maximal
effector to target tatio or the degroe of eytoroxic-
ity, Moreover, since trastuzumab s bivalent and
HER? prorein density is very high in these tumor
cells, an avidity component also hi/eiv contobutes
1o the near-irreversible binding of rrastuzumab to
cells that overexpress HERZ. }.‘U‘."».:\i—)?'i]’l()l‘&, sver-
expressing tumor cell lines were more susceptible
w0 cytotonin damage than intermediate- or low-
sressing rumor cell lines. Taken together, these
ta suggest that the affinity and avidity of the
rrastuzurnab-HER? interaction may aleo congrib-
ute to the safery profile of trastuzamab in patients,
since HER 2Z-overexpressing  tumor  cells  would
fikely be pref(n :nrially targered for AT rather
5:‘0}1&1 tissues that express norual fevels of HERZ.

]

HY serufn,

eri-

EFFICACY N HUMARN BREAKAST TUMOR
KEMOQGRAFTS

To determine the relstive potency of trastu-

sumab, borh MOE-7-HERZ and BT-474 xenograft

models have been used, In these experiments, an-

trosls bearing HER 2-overexpressing MOF-7-HERZ

treared with trastuzoamab at toral

xenografts were
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doses of 3, 10, 30, and 100 mgf 2
u, (f( 3
with 3 to 100 mgfke trastuzumab treatment com-
pared with mice rested
Nude mice bearing BT-474 xenografts
rreared with teastuzumab doses vanging from 0.1
30 rogikg. In this
activity was obscrved with

As shown in Fig
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Fig 8. Effect of trastuzumab on the growth of HERZ-over-
expressing MCF-7-HER2 or BT-474 xenografts. Tumor mea-
surements were made after 21 days of trastuzumab treatment.
Data are summarized from Pegram et al**® and Baselga et al.”
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