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Abstract

Advances in genetic engineering and expression systems have led to rapid progress in the development of antibodies fused
to other proteins. These ‘antibody fusion proteins’ have novel properties and include antibodies with specificity for tumor
associated antigens fused to cytokines such as interleukin-2 (IL2), granulocyte/macrophage colony-stimulating factor
(GM-CSF), and interleukin-12 (IL12). The goal of this approach to cancer therapy is to concentrate the cytokine in the
tumor microenvironment and in so doing directly enhance the tumoricidal effect of the antibody and/or enhance the host
immune response (T-cell, B-cell or NK) against the tumor. In the past decade, multiple antibody—cytokine fusion proteins
have been developed with different specificities targeting a broad variety of tumors. These novel molecules retain both
antibody and cytokine associated functions. In addition, in animals bearing tumors, antibody—cytokine fusion proteins are
able to target the tumor and to elicit a significant anti-tumor response that in some cases results in a complete elimination of
the tumor. These results suggest that antibody—cytokine fusion proteins have potential for use in the treatment of human
cancer. In the present review, we describe strategies for construction of antibody—cytokine fusion proteins and discuss the
properties of several antibody—cytokine fusion proteins with IgG genetically fused to the cytokines IL2, GM-CSF or IL12.
© 2001 Elsevier Science BV. All rights reserved.
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Abbreviations: Ab, antibody; Ag, antigen; TAA, tumor-associ-
ated antigen; IL2, interleukin-2; rhIL2, recombinant human IL2;
IL12, interleukin-12; rmIL12, recombinant murine IL12; GM-
CSEF, granulocyte/macrophage colony-stimulating factor; rmGM-

1. Introduction

The management of residual disease is a central

CSF, recombinant murine GM-CSF; Ig, immunoglobulin; NK,
natural killer; DNS, N,N-dimethyl-1-aminonaphthalene-5-sulfonyl
chloride (dansyl); LAK, lymphokine activated killer; E/T, effector
target; Id, idiotype; i.p., intraperitoneal; s.c., subcutaneous; i.v.,
intravenous; PBS, phosphate-buffered saline; ADCC, antibody
dependent cell-mediated cytotoxicity; MAb, monoclonal antibody;
CTL, cytotoxic T lymphocyte; scFv, single chain Fv; KSA, KS
antigen; Ep-CAM, epithelial cell adhesion molecule; CHO, chi-
nese hamster ovary; MHC, major histocompatability complex;
NHL, non-Hodgkin’s lymphoma; PBMC, peripheral blood mono-
nuclear cells
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problem in the treatment of cancer. Despite improve-
ments in treatment protocols, relapse remains a
critical and generally fatal problem in high risk
cancer patients. Chemotherapeutic strategies are
necessarily limited by wvarious toxicities and of
limited efficacy. Therefore, additional modalities are
needed to achieve disease containment or elimina-
tion. Systemic treatment with cytokines such as IL2,
IL12 and GM-CSF can render some non-immuno-
genic tumors immunogenic, activating a protective
immune response (Rosenberg et al., 1998; Ruef and
Coleman, 1990; Tsung et al., 1997). However, when
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cytokines are given systemically there are frequently
problems with severe toxic side effects that make it
impossible to achieve an effective dose at the site of
the tumor (Cohen, 1995; Maas et al., 1993; Ruef and
Coleman, 1990; Siegel and Puri, 1991).

More effective treatment with cytokines could be
achieved if methods were developed to provide
effective concentrations in the tumor while limiting
generalized toxicity. Direct injection into the site of
the tumor has been one approach to this problem
(Cortesina et al., 1988; Forni et al., 1987; Maas et
al., 1989, 1991; Pizza et al.,, 1984; Rutten et al.,
1989). However, this requires that the tumor be
localized and accessible and direct injection into
micrometastases is not possible. Another approach
has been cytokine gene therapy whereby tumor cells
are removed from the patients, transduced or trans-
fected with the cytokine of interest, and reintroduced
into the patient with the expectation that a systemic
immune response will be elicited against the tumors
(Dranoff and Mulligan, 1995; Hurford et al., 1995;
Maass et al., 1995; Schmidt et al., 1995; Soiffer et
al.,, 1998; Su et al., 1994; Zatloukal et al., 1995).
Although the results suggest that this immunization
strategy has potential application in the treatment of
minimal residual disease, the ex vivo genetic modi-
fication and reintroduction of cells into patients is
limited by its patient specific nature. Additionally, it
is technically difficult, time consuming and expen-
sive to expand primary autologous human tumor
cells to the numbers required for vaccination
(Hrouda et al., 1999; Simons et al., 1997, 1999;
Soiffer et al., 1998). While in vivo gene delivery
using viral vectors has been considered, the in vivo
low transfer efficiency of viral vectors and their
immunogenicity and safety limit their use (Hrouda et
al., 1999). In addition, surface glycoproteins of many
viral vectors bind to receptors prevalent on a variety
of cells, such non-specific interaction directly de-
creases the transfection efficiency in vivo (Smith and
Wu, 1999). Moreover, a significant fraction of the
human population carries preexisting antibodies to
viral vectors and such unfavorable immune responses
decrease the half-life of vectors (Piedra et al., 1998).
Thus the challenge is to develop an alternative
approach for achieving effective local concentrations
of cytokines.

Tumor specific Abs genetically fused to cytokines

provide an alternative approach for concentrating in
the region of the tumors quantities of cytokine
sufficient to elicit a significant anti-tumor activity
without accompanying systemic toxicity. In fact, in
the past decade, we and others have developed
several Ab-cytokine fusion proteins specific for
different TAAs. In preclinical trials using murine
model such Ab-cytokine fusion proteins have been
shown to be very effective anti-cancer agents sug-
gesting that they may be useful in the treatment of
human cancer. As the number and diversity of Ab-
cytokine fusion proteins has dramatically increased
in the last years the present review cannot include all
of them. Instead we will focus this review on a
subset of Ab-cytokine fusion proteins consisting of
IgG genetically fused to the cytokines IL2, GM-CSF
or IL12.

2. Ab-(IL2) fusion proteins

Originally known as ‘T cell growth factor’, IL2 is
a cytokine produced by T helper cells which stimu-
lates T cells to proliferate and become cytotoxic
(Grimm et al., 1982; Hank et al., 1990; Lotze et al.,
1981; Yron et al., 1980) and NK cells to respond
with increased cytotoxicity toward tumor -cells
(Grimm et al., 1982). These properties suggest that
Ab-IL2 fusion proteins targeting cancer cells may be
effective for cancer treatment. Indeed, among the
Ab-cytokine fusion proteins, Ab-IL2 fusion proteins
have been the best characterized and most broadly
used in successful anti-tumor experiments using
animal models.

Although our long term goal was to provide tumor
specific therapeutics, the first 1gG3-IL2 fusion pro-
tein that we produced in the laboratory was specific
for the hapten DNS (Harvill and Morrison, 1995)
and had human IL2 was fused after the end of the
C,3 domain of human IgG3. Human IgG3 as used
since its extended hinge region is expected to
provide spacing and flexibility (Dangl et al., 1988).
In addition, IgG3 is the most effective of the human
isotypes in complement activation (Tao and Mor-
rison, 1989) and like IgGl binds all three FcyRs
(Roitt et al., 1989). The anti-DNS IgG3-IL2 ex-
pressed in myeloma cells was properly assembled
and secreted. Anti-DNS IgG3-IL2 retains the ability
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to bind Ag, activate complement and bind FcyRI
(Harvill and Morrison, 1995). It resembles rhIL2 in
its ability to stimulate proliferation of the IL2
dependent cell line CTLL-2 (Harvill and Morrison,
1995). Surprisingly, anti-DNS IgG3-IL2 was more
effective than rhIL2 in generating LAK cell activity,
eliciting more efficient killing than a 10 fold higher
concentration of rhIL2 at all E/T ratios (Harvill and
Morrison, 1995). This increased activity may reflect
the fact that anti-DNS IgG3-IL2 exhibits approxi-
mately a 4-fold higher affinity than native IL2 for the
o chain of the high affinity IL2 receptor (Table 1)
(Harvill and Morrison, 1996).

Anti-DNS [gG3-IL2 has a half-life in mice of
approximately 7 h (Harvill et al., 1996). Although
this half-life is shorter than the half-life of IgG3, it is
17-fold longer than the half-life reported for IL2
(Donohue and Rosenberg, 1983; Talmadge et al.,
1987) and is similar to that observed for poly-
ethylene glycol-modified IL2 (PEG-IL2) which in
some cases exhibits superior anti-tumor -efficacy
compared with IL2 (Katre et al., 1987; Mattijssen et
al., 1992). Indeed this increased half-life may con-
tribute to a better therapeutic effect (Lotze et al.,
1985). We also found that, anti-DNS-IL2 was effec-
tive in potentiating the immune response to
dansylated antigens (Harvill et al., 1996).

To test the effectiveness of IgG3-IL2 fusion
proteins in treating the highly malignant murine B
cell lymphoma 38C13 (Penichet et al., 1998), the
variable regions of the anti-DNS IgG3-IL2 fusion
protein were replaced with the variable regions of a
murine MADb specific for the Id of the Ig expressed

Table 1

Rate constants®

Ligand k,(M™'s™h k,(s7h K, (M)
rhIL-2 7.0x10* 0.013 1.9x1077
IgG3-IL2 7.5%10* 0.004 53x107°

* A soluble form of the o subunit of the IL2 receptor was
immobilized on the surface of an IAsys optical biosensor.
Association of both rhIL-2 and IgG3-IL2 at various concentrations
to the a subunit was monitored over time. Following association
the cuvette was washed with PBS/Tween, and dissociation
followed. k_, values calculated using the FastFit program were
plotted against the concentration with the slope of the best fit line
yielding k,. k, was determined both from the y intercept of the
graph and from direct analysis of the dissociation curves using the
FastFit program. K|, was calculated as k,/k,.

on the surface of 38C13. The resulting anti-Id IgG3-
IL2 exhibited in vitro properties and in vivo half-life
similar to anti-DNS IgG3-I1L2.

Gamma camera imaging studies showed that
anti-Id IgG3-IL2 has the ability to target the tumor
thereby concentrating the IL2 at this site (Fig. 1)
(Penichet et al., 1998). A small amount of *'I-anti-
DNS IgG3-IL2 was localized to the upper abdomen
of the animal in the region of the spleen, an organ
rich in IL2 receptors 24 h after injection (Fig. 1A). In
contrast, the majority of "*'I-anti-Id IgG3-IL2 fusion
protein present at 24 h was localized to the right
flank, the site of the tumor (Fig. 1B) with a little
localized in the region of the spleen. At 4 days

131
I-
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Fig. 1. Tumor localization of Ab fusion proteins. C3H/HeN mice
bearing s.c. 38C13 tumors of 0.5 cm diameter on the right flank
were given a single i.p. injection of 10 wCi (2 pg) “'I-labeled
anti-DNS 1gG3-IL2 (A) or anti-Id 1gG3-1L2 (B). Then, 24 h later
mice were visualized with a Raytheon Spectrum 91 gamma
camera. The mice were sedated and immobilized in a prone
position with the pinhole collimeter positioned over the torso. A
total of 50 000 count images were accumulated and analyzed
using Siemens/Microdelta and Adobe software. Reprinted from
Penichet et al., 1998. An IgG3-IL2 fusion protein recognizing a
murine B cell lymphoma exhibits effective tumor imaging and
anti-tumor activity. J. Interferon Cytokine Res., 18: 597-607.
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I-anti-1d IgG3-IL2 could still be seen at the site of
the tumor (data not shown). Less definitive imaging
was obtained with the "*'I-anti-Id IgG3 which re-
mained distributed throughout the abdomen at 24 h
and exhibited only modest accumulation at the site of
the tumor at 4 days (data not shown). Images taken
immediately after injection showed similar uniform
distribution throughout the abdomen for all three
proteins (data not shown). These results suggest that
tumor specific Ab-IL2 fusion proteins may also be
effective imaging agents.

The superior tumor imaging of '*'I-anti-Id IgG3-
IL2 compared to '*'I-anti-Id IgG3 may reflect sever-
al parameters. The more rapid clearance of the Ab-
IL2 fusion protein as compared with the Ab may
result in the elimination of unbound protein, thereby
decreasing the background. In addition, IL2 has been
shown to increase vascular permeability causing the
efflux of intravascular fluids to the extravascular
compartments (Damle and Doyle, 1989; Ohkubo et
al., 1991). Therefore, the IL2 concentrated in the
tumor area might increase the tumor uptake of the
radiolabeled molecule. In fact, it has been reported
that pre-treatment of nude mice bearing the Raji
lymphoma with a IgG1-IL2 fusion protein (chLym-
1/IL2) containing the variable region of the anti-
human B-cell lymphoma MAb Lym-1 enhances the
uptake of the radiolabeled mouse albumin and
mouse—human chimeric IgGl Lym-1 (chLym-1) at
the tumor site. The chLym-1/IL2 is thought to alter
the permeability of tumor vessels (Hu et al., 1996).
Similarly, pretreatment with an Ab-IL2 fusion pro-
tein directed against DNA enhances the delivery of
therapeutic molecules to solid tumors (Hornick et al.,
1999). These results suggest that Ab-IL2 fusion
proteins can be used to enhance the targeting of
secondary anti-tumor molecules for the treatment of
human malignancies.

Anti-Id IgG3-IL2 shows enhanced anti-tumor ac-
tivity compared to the combination of Ab and IL2
administered together (Penichet et al., 1998). Treat-
ment of mice bearing i.p. tumors with a single i.p.
injection of 10 wg of fusion protein prevented tumor
growth in 50% of the mice (Table 2, experiment 1).
Rechallenge of the survivors indicated immunologic
memory with varying degrees of protection con-
sistent with the possibility of a specific T cell
response. Consistent with this conclusion immuno-

Table 2
Results of in vivo therapy experiments

Group  Treatment Disease free survivors®

Experiment 1> Experiment 2°

1 PBS 0/6 (0%) 0/8 (0%)

2 Anti-Id 1gG3 1/6 (16.7%)  2/8 (25%)
3 IL-2 0/6 (0%) 0/8 (0%)

4 Anti-Id IgG3+IL-2  0/6 (0%) 4/8 (50%)
5 Anti-Id IgG3-IL2 3/6 (50%) 7/8 (87.5%)
6 Anti-DNS IgG3-IL2  Not done 2/8 (25%)

* Animals surviving 60 days without evidence of tumor were
considered to be tumor free.

® Groups of six C3H/HeN mice were injected i.p. with 1000
38C13 cells. The following day each group received single i.p.
injections of: PBS, 10 pg of anti-Id IgG3, 30 000 IU of rhIL-2,
both 10 pg anti-Id IgG3 and 30 000 IU of rhIL-2, or 10 pg of
anti-Id 1gG3-IL2.

¢ Groups of eight C3H/HeN mice were injected s.c. with 1000
38C13 cells. The following day each group received the first of
five daily i.p. injections. Treatments included PBS, 10 pg of
anti-Id 1gG3, 30 000 IU of rhIL-2, both 10 pg anti-Id IgG3 and
30 000 IU of rhIL-2, 10 pg of anti-Id IgG3-IL2 or 10 pg of an
irrelevant human IgG3-IL2 fusion protein without binding spe-
cificity for 38C13 (anti-DNS I1gG3-1L2).

histochemical analysis of the tumor from one long
term survivor showed extensive infiltration of CD8 "
cells. In addition similar treatment of nude mice
defective in the ability to mount a T cell immune
response did not yield improved survival. In an
attempt to improve the efficacy of the therapy, mice
with s.c. tumors were treated five times on consecu-
tive days with i.p. injection of 10 wg anti-Id IgG3-
IL2. Indeed this approach was more effective re-
sulting in 87% disease-free survivors (Table 2,
experiment 2). Although the tumor specific fusion
protein was dramatically more effective than non-
tumor specific anti-DNS IgG3-IL2 showing the
importance of tumor targeting, anti-DNS IgG3-1L2
was more effective than IL2 alone with two of eight
treated mice disease-free survivors (25%) (Table 2,
experiment 2). This result suggests that IL2 with a
much longer half-life might elicit an effective anti-
tumor response without direct tumor targeting.

In contrast to what was observed following a
single dose of 10 pg of fusion protein, rechallenge of
the mice surviving after five doses provided little
evidence for immunologic memory (Penichet et al.,
1998) suggesting that specific cytotoxic T cells did
not play a significant role in providing protection.
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These results are consistent with the previous reports
that low doses of IL2 activate T cells while higher
doses lead to NK activation (Maas et al., 1993;
Talmadge et al., 1987). The dose dependence of the
type of response elicited by IL2 may explain the
different results obtained upon rechallenge of the
survivors from the first and second trial. In fact using
IL2 expressing transfected cells as cancer vaccines, it
has been observed that high levels of IL2 production
are associated with a failure to generate tumor
specific CTLs (Schmidt et al., 1995).

Studies from other laboratories have shown that a
mouse—human chimeric anti-Id IgGl-mouse L2
fusion protein (chS5A8-IL2) was more effective in
the in vivo eradication of the 38C13 tumor than the
combination of the anti-Id Ab and IL2 or irrelevant
Ab-IL2 fusion protein (Liu et al., 1998). Interesting-
ly an anti-Id scFv—IL2 fusion protein (scFvS5AS-
IL2) containing the variable regions of the chS5A8-
IL2 failed to confer protection suggesting the rele-
vance of the Fc effector functions such as ADCC in
anti-tumor activity against 38C13 (Liu et al., 1998).

Remarkable success in preclinical trials using
syngeneic murine models bearing melanoma, neuro-
blastoma, and colorectal carcinoma and treated with
specific mouse—human chimeric or humanized Ab-
human IL2 fusion proteins has been reported by both
the Reisfeld and Gillies groups (Becker et al.,
1996a,b,c; Lode et al., 1998; Xiang et al., 1997,
1999). To evaluate the in vivo anti-tumor activity of
the mouse—human chimeric anti-GD, IgG1-IL2 fu-
sion protein ch14.18-IL2, B16 melanoma cells were
transduced with human genes encoding the two
enzymes in the last stages of diasialoganglioside
GD, biosynthesis (Becker et al., 1996a). The re-
sulting cell line expressed GD,, a ganglioside pres-
ent on the surface of human melanoma but not
murine melanoma. Treatment of mice bearing pul-
monary and hepatic metastases as well as subcuta-
neous GD, expressing B16 melanoma with ch14.18-
IL2 resulted in specific and strong anti-tumor activi-
ty. This anti-tumor activity was highly significant
compared to the controls such as Ab (ch14.18) and
IL2 or irrelevant Ab-IL2 fusion proteins and resulted
in the complete eradication of the tumor in a vast
number of animals (Becker et al., 1996b,c). It was
also found that the immune response induced in
tumor-bearing animals receiving treatment with

ch14.18-IL2 was CD8" T-cell dependent and was
followed by long-lived transferable protective im-
munity (Becker et al., 1996a,b,c). The encouraging
preclinical results obtained with ch14.18-IL2, have
led to Phase I clinical trial using a humanized
version of chl4.18-IL2 (Hul4.18-IL2) in patients
with GD, melanomas (Ostendorf et al., 2000).

GD, is also extensively expressed on human but
not murine neuroblastoma. A murine neuroblastoma
expressing GD, NXS2, was established by hybridi-
zation of dorsal root ganglional cells of C57BL/6J
mice with C1300 mouse neuroblastoma cells (Lode
et al., 1998). Using NXS2, ch14.18-1L2 was found to
induce a cell-mediated anti-tumor response that
effectively eradicated established bone marrow and
liver metastases in a syngeneic model. However, the
mechanism involved was exclusively NK dependent
(Lode et al., 1998) illustrating the fact that different
mechanisms of anti-tumor activity may result when
different murine tumors expressing the same Ag are
treated with the same Ab—cytokine fusion protein.

To evaluate the treatment of colorectal carcinoma
using a human TAA as target and immunocompetent
mice, the murine colon carcinoma cell line CT26
was transduced with the gene encoding human KSA,
an Ep-CAM expressed in a human colon carcinoma
and other human malignancies derived from epitheli-
al tissue (Xiang et al., 1997). Like the results
obtained with ch14.18-IL2 against melanoma, treat-
ment of mice bearing CT26-KSA hepatic and pul-
monary metastases with the humanized anti-KSA
Ab-IL2 fusion protein huKS1/4-IL2 directs IL2 to
the tumor microenvironment in concentrations that
are sufficient to elicit a specific CD8" T-cell-me-
diated eradication of established metastases and
long-lived T cell memory (Xiang et al., 1997, 1999).

3. Ab-(GM-CSF) fusion proteins

GM-CSF is a cytokine associated with the growth
and differentiation of hematopoietic cells. It is also a
potent immunostimulator with pleiotropic effects,
including the augmentation of Ag presentation in a
variety of cells (Blanchard and Djeu, 1991; Fischer
et al.,, 1988; Heufler et al., 1988; Morrissey et al.,
1987; Smith et al., 1990; Steis et al., 1990), in-
creased expression of MHC class Il on monocytes
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and adhesion molecules on granulocytes and mono-
cytes (Arnaout et al., 1986; Grabstein et al., 1986;
Young et al.,, 1990), and amplification of T-cell
proliferation (Santoli et al., 1988). All of these
features suggest that localization of GM-CSF at the
site of tumor by Ab-(GM-CSF) fusion proteins that
recognize TAA may lead to an enhanced tumor
specific immune response.

To expand the clinical potential of a promising
mouse—human chimeric IgG1 (chCLL-1) directed
against a human MHC class II expressed in a high
percentage of human B-cell NHL, chronic
lymphocytic leukemia, and multiple myeloma cell
lines it was joined to human GM-CSF (chCLL-1/
GM-CSF) (Hornick et al., 1997). chCLL-1/GM-CSF
not only retained the Ab and GM-CSF bioactivity,
but also showed enhanced ADCC activity compared
to Ab (chCLL-1) using human mononuclear cells
(Hornick et al., 1997). In addition, biodistribution
and imaging studies in nude mice bearing the human
myeloma cell line ARH-77 indicated that the fusion
proteins specifically targets the tumors (Hornick et
al., 1997) suggesting that this Ab fusion protein may
be useful for the treatment of B-cell malignancies
and other related cancers. Unfortunately, an animal
tumor expressing the Ag recognized by chCLL-1 is
not available (Hornick et al., 1997) and human
GM-CSF is not active in mice (Ruef and Coleman,
1990) making it difficult to evaluate the anti-tumor
activity of chCLL-1/GM-CSF in vivo.

To be able to investigate the in vivo efficacy in a
variety of syngeneic tumor models, murine GM-CSF
was genetically fused to the carboxyl terminus of a
chimeric rat anti-mouse transferrin receptor Ab,
ch17217 (Dreier et al., 1998). The ch17217-(GM-
CSF) fusion protein retained both Ab and GM-CSF
related activities and most importantly demonstrated
effective anti-tumor activity by suppressing the
growth of hepatic metastases of mouse neuroblas-
toma NXS2 cells and pulmonary metastases of
mouse colon carcinoma CT26 cells in syngeneic A/J
and BALB/c mice, respectively. However, it should
be noted that the controls of Ab alone (ch17217) or
rmGM-CSF were not included in these studies
making it impossible to distinguish the in vivo role
of the Ab-(GM-CSF) fusion protein from that of the
Ab and/or GM-CSF (Dreier et al., 1998). Due to the
universal expression of the transferrin receptor on

mouse tumor cell lines, constructs like chl17217-
(GM-CSF) should prove effective against a wide
variety of murine tumors. However, the transferrin
receptor is also expressed on all normal cells except
mature red blood cells (Dowlati et al., 1997) and
antigens whose expression is restricted to tumors
may be a more appropriate target for Ab—cytokine
fusion proteins. Further studies are required to
evaluate the effectiveness and mechanism of action
of Ab—(GM-CSF) fusion proteins in this and other
tumor models.

4. Ab—(IL12) fusion proteins

IL12, a cytokine normally released by professional
Ag-presenting cells, promotes cell-mediated immuni-
ty (Trinchieri, 1995) by inducing naive CD4 " T cells
to differentiate into Thl cells (Gracie and Bradley,
1996; Hsieh et al., 1993). In addition, IL12 has the
ability to enhance the cytotoxicity of NK and CD8 "
T cells (Farrar and Schreiber, 1993; Gately et al.,
1994). Moreover, the IFN-y produced by IL12
stimulated T and NK cells can retard tumor growth
by inhibiting tumor angiogenesis (Voest et al., 1995)
and enhancing immune recognition of tumor cells
through up-regulated MHC expression (Wong et al.,
1984). However, in contrast to cytokines like IL2
and GM-CSF, IL12 is a disulfide-linked heterodimer
of two subunits p35 and p40. Bioactive IL12 requires
the expression of two separate genes, p40 and p35,
and correct heterodimer assembly making the con-
struction of an Ab—IL12 fusion protein more compli-
cated (Gubler et al., 1991).

To address this issue, Gillies et al. (1998) con-
structed an Ab—IL12 fusion protein in which the p35
subunit was fused to the carboxy terminus of an Ab;
the p40 subunit was expressed as a separate poly-
peptide which must then assemble with the p35
subunit. Although this Ab—IL12 fusion protein was
functional, the IL12 bioactivity was significantly
lower than rmIL12 (Gillies et al., 1998).

As an alternative approach, we fused single-chain
murine IL12 to anti-HER2/neu IgG3
(msclIL12.her2.1gG3) (Peng et al., 1999). The use of
single-chain IL12 may confer greater stability to the
fusion protein and ensures equimolar concentrations
of the two IL12 subunits facilitating large scale
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production of the Ab-IL12 fusion protein. The
cDNA coding for the murine IL12 fusion protein
IL12.p40.L.Dp35 with the two subunits joined with a
(Gly,,Ser); linker was used (Lieschke et al., 1997).
This protein showed a specific activity comparable to
that of rmIL12 while a related construct with a
different subunit order (IL12.p35.L.Dp40) showed
very low activity (Lieschke et al., 1997). In an
ovalbumin—IL12 fusion protein in which the p40
subunit was fused to ovalbumin, a 50-fold lower
IL12 activity was observed (Kim et al.,, 1997)
suggesting that constraint of the p40 subunit in a
fusion protein may disrupt the interaction between
IL12 and the IL12 receptor. Although the p40
subunit was not fused to the antibody in the Gillies et
al. (1998) Ab—IL12 fusion protein, the direct fusion
of the p35 subunit to the carboxy terminus of the Ab
without any type of flexible linker may make the p40
subunit somewhat less accessible for receptor bind-
ing possibly explaining the 2-fold lower IL12 activi-
ty they observed. To further insure accessibility, the
murine single chain 1L12 was fused to the amino
terminus of heavy chain of anti-HER2/neu-I1gG3
(Peng et al., 1999). At this position proteins which
require N-terminal processing or folding for activity
such as NGF (McGrath et al., 1997) and human
B7-1 (Challita-Eid et al., 1998) remain active. We
found that mscIL12.her2.IgG3 was assembled and
correctly secreted and that the presence of IL12 at
the amino terminus did not interfere with the Ab’s
ability to bind HER2/neu. In  addition,
msclL12.her2.1gG3 binds the IL12 receptor and
resembles recombinant IL12 in its ability to stimulate
proliferation of PBMC (Peng et al., 1999).
Although our long-term goal was the production
of Ab—IL12 fusion proteins for therapeutic use in
humans, murine IL12 was used for these initial
studies because it has activity on both human and
murine cells, while human IL12 has activity only on
human cells. The use of murine IL12 makes it
possible not only to carry out assays using human
PBMC to test biologic activity, but also to perform
in vivo studies to examine the effects against human
HER2/neu-expressing murine tumors using immune
competent mice. The in vivo anti-tumor activity of
msclL12.her2.I1gG3 was evaluated using murine
colon carcinoma cell line CT26 transduced with the
c¢DNA encoding human HER2/neu (Penichet et al.,

1999) which grows in immunocompetent mice while
maintaining the expression of human HER2/neu
(Penichet et al., 1999). Fig. 2 shows that
msclL12.her2.1gG3 has significant anti-tumor activi-
ty in immune competent BALB/c mice under con-
ditions in which the anti-HER2/neu Ab (her2.1gG3)
failed to confer protection. We observed better anti-
tumor activity when treatment was started after the
tumors were established (mean diameter of 8—9 mm)
than when treatment was started the day after
inoculation with tumor cells. This lends support to
previous studies by others (Tsung et al., 1997;
Zitvogel et al., 1995; Zou et al., 1995) in which
better anti-tumor activity of IL12 was observed when
tumors were established. They proposed that this
may be because effector cells are first recruited to the
tumor site, and are then activated by IL12. Further
work is being carried out using CT26-HER2/neu and
other murine tumors expressing human HER2 /neu to
determine  the  mechanism of action of
msclL12.her2.1gG3.

5. Conclusions

In the last decade many studies have shown that
the genetic fusion of anti-cancer Ab with cytokines
results in novel proteins which retain both Ab and
cytokine functions and show superior anti-cancer
activity compared with equivalent amount of free Ab
and cytokines or non tumor specific Ab cytokine
fusion proteins. These findings support the hypoth-
esis that Ab—cytokine fusion proteins can specifically
target the cytokine to the tumor microenvironment
and in so doing stimulate the immune effector cells.
In some cases the stimulus is sufficient to achieve
complete eradication of the tumor suggesting that
these unique molecules will be effective in the
treatment of human cancer. However, many Ab-
cytokine fusion proteins such as Ab—(GM-CSF) and
Ab—IL12 fusion protein are still in a very early phase
of development and additional preclinical studies are
required for a better understanding of how these
novel molecules work. Of special interest will be the
potential synergistic effects between different Ab—
cytokine fusion proteins or between Ab—cytokine
fusion proteins and other anti-cancer strategies such
as chemotherapy, gene therapy and tumor vaccines.
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Fig. 2. In vivo anti-tumor activity. BALB/c mice were injected with 1X 10° CT26-HER2/neu cells s.c. on day 0. Beginning on day 1 (A) or
day 6 (B), groups of ten mice were treated i.v. with either mscIL-12.her2.IgG3 (at a concentration equivalent to 1 g IL-12/day), her2.1gG3
(at a concentration equivalent to the Ab concentration of msclL-12.her2.1gG3 administered/day), or PBS for 5 days. Tumor growth was
measured with a caliper beginning on day 6 and tumor volume calculated. The average tumor volumes of the ten mice used in each
treatment group were plotted against time. Graphs adapted from Peng et al., 1999. A single chain IL-12 IgG3 antibody fusion protein retains
antibody specificity and IL-2 bioactivity and demonstrates anti-tumor activity. J. Immunol., 163: 250-258. Copyright 1999, The American

Association of Immunologists.

Obviously, the ultimate use of Ab—cytokine fusion
proteins for the treatment of human cancer will
depend on the results obtained when these proteins
are evaluated in Phase I and II clinical trials.

Acknowledgements

Our work was supported in part by grants CA-
16858, CA-68465, Al-39187, Al-29470 from the
National Institutes of Health, ACS-IM-77313 from
the American Cancer Society, 3CB-0245 from the
University of California Breast Cancer Research
Program, Susan G. Komen Breast Cancer Foundation
Grant 9855, Department of Defense Breast Cancer
Research Program Grant BC980134, Tumor Immu-
nology Training Grant 5-T32-CA09120-24 from NCI
(NIH) and Cancer Center Core grant CA-16042
(UCLA).

References

Arnaout, M.A., Wang, E.A., Clark, S.C., Sieff, C.A., 1986. Human

recombinant granulocyte-macrophage colony-stimulating fac-
tor increases cell-to-cell adhesion and surface expression of
adhesion-promoting surface glycoproteins on mature granulo-
cytes. J. Clin. Invest. 78, 597.

Becker, J.C., Pancook, J.D., Gillies, S.D., Furukawa, K., Reisfeld,
R.A., 1996a. T cell-mediated eradication of murine metastatic
melanoma induced by targeted interleukin 2 therapy. J. Exp.
Med. 183, 2361.

Becker, J.C., Varki, N., Gillies, S.D., Furukawa, K., Reisfeld, R.A.,
1996b. An antibody—interleukin 2 fusion protein overcomes
tumor heterogeneity by induction of a cellular immune re-
sponse. Proc. Natl. Acad. Sci. USA 93, 7826.

Becker, J.C., Varki, N., Gillies, S.D., Furukawa, K., Reisfeld, R.A.,
1996¢. Long-lived and transferable tumor immunity in mice
after targeted interleukin-2 therapy. J. Clin. Invest. 98, 2801.

Blanchard, D.K., Djeu, J.Y., 1991. Differential modulation of
surface antigens on human macrophages by IFN-gamma and
GM-CSF: effect on susceptibility to LAK lysis. J. Leukoc.
Biol. 50, 28.

Challita-Eid, P.M., Penichet, M.L., Shin, S.U., Poles, T., Mosam-
maparast, N., Mahmood, K., Slamon, D.J., Morrison, S.L.,
Rosenblatt, J.D., 1998. A B7.1—antibody fusion protein retains
antibody specificity and ability to activate via the T cell
costimulatory pathway. J. Immunol. 160, 3419.

Cohen, J., 1995. Clinical trials — IL-12 deaths — Explanation
and a puzzle. Science 270, 908.

Cortesina, G., De Stefani, A., Giovarelli, M., Barioglio, M.G.,
Cavallo, G.P.,, Jemma, C., Forni, G., 1988. Treatment of
recurrent squamous cell carcinoma of the head and neck with

Bicara Ex. 1072
Bicara v. JHU - PGR2026-00025



M.L. Penichet, S.L. Morrison | Journal of Immunological Methods 248 (2001) 91—101 99

low doses of interleukin-2 injected perilymphatically. Cancer
62, 2482.

Dangl, J.L., Wensel, T.G., Morrison, S.L., Stryer, L., Herzenberg,
L.A., Oi, V.T., 1988. Segmental flexibility and complement
fixation of genetically engineered chimeric human, rabbit and
mouse antibodies. EMBO J. 7, 1989.

Damle, N.K., Doyle, LV., 1989. IL-2-activated human killer
lymphocytes but not their secreted products mediate increase
in albumin flux across cultured endothelial monolayers. Impli-
cations for vascular leak syndrome. J. Immunol. 142, 2660.

Donohue, J.H., Rosenberg, S.A., 1983. The fate of interleukin-2
after in vivo administration. J. Immunol. 130, 2203.

Dowlati, A., Loo, M., Bury, T., Fillet, G., Beguin, Y., 1997.
Soluble and cell-associated transferrin receptor in lung cancer.
Br. J. Cancer 75, 1802.

Dranoff, G., Mulligan, R.C., 1995. Gene transfer as cancer
therapy. Adv. Immunol. 58, 417.

Dreier, T., Lode, H.N., Xiang, R., Dolman, C.S., Reisfeld, R.A.,
Kang, A.S., 1998. Recombinant immunocytokines targeting
the mouse transferrin receptor: Construction and biological
activities. Bioconjug. Chem. 9, 482.

Farrar, M.A., Schreiber, R.D., 1993. The molecular cell biology of
interferon-gamma and its receptor. Annu. Rev. Immunol. 11,
571.

Fischer, H.G., Frosch, S., Reske, K., Reske-Kunz, A.B., 1988.
Granulocyte-macrophage colony-stimulating factor activates
macrophages derived from bone marrow cultures to synthesis
of MHC class II molecules and to augmented antigen presenta-
tion function. J. Immunol. 141, 3882.

Forni, G., Musso, T., Santoni, A., Giovarelli, M., 1987. Local
administration of interleukin-2 activates lymphocytes from
tumor bearing mice to recruit host immunoreactivity and
inhibit tumor growth. Prog. Clin. Biol. Res. 244, 105.

Gately, M.K., Warrier, R.R., Honasoge, S., Carvajal, D.M.,
Faherty, D.A., Connaughton, S.E., Anderson, T.D., Sarmiento,
U., Hubbard, B.R., Murphy, M., 1994. Administration of
recombinant IL-12 to normal mice enhances cytolytic lympho-
cyte activity and induces production of IFN-gamma in vivo.
Int. Immunol. 6, 157.

Gillies, S.D., Lan, Y., Wesolowski, J.S., Qian, X., Reisfeld, R.A.,
Holden, S., Super, M., Lo, K.M., 1998. Antibody—IL-12
fusion proteins are effective in SCID mouse models of prostate
and colon carcinoma metastases. J. Immunol. 160, 6195.

Grabstein, K.H., Urdal, D.L., Tushinski, R.J., Mochizuki, D.Y.,
Price, V.L., Cantrell, M.A., Gillis, S., Conlon, P.J., 1986.
Induction of macrophage tumoricidal activity by granulocyte-
macrophage colony-stimulating factor. Science 232, 506.

Gracie, J.A., Bradley, J.A., 1996. Interleukin-12 induces inter-
feron-gamma-dependent switching of IgG alloantibody sub-
class. Eur. J. Immunol. 26, 1217.

Grimm, E.A., Mazumder, A., Zhang, H.Z., Rosenberg, S.A., 1982.
Lymphokine-activated killer cell phenomenon. Lysis of natural
killer-resistant fresh solid tumor cells by interleukin 2-acti-
vated autologous human peripheral blood lymphocytes. J. Exp.
Med. 155, 1823.

Gubler, U., Chua, A.O., Schoenhaut, D.S., Dwyer, C.M.,
McComas, W., Motyka, R., Nabavi, N., Wolitzky, A.G., Quinn,
P.M., Familletti, P.C. et al., 1991. Coexpression of two distinct

genes is required to generate secreted bioactive cytotoxic
lymphocyte maturation factor. Proc. Natl. Acad. Sci. USA 88,
4143.

Hank, J.A., Robinson, R.R., Surfus, J., Mueller, B.M., Reisfeld,
R.A., Cheung, N.K., Sondel, PM., 1990. Augmentation of
antibody dependent cell mediated cytotoxicity following in
vivo therapy with recombinant interleukin 2. Cancer Res. 50,
5234.

Harvill, E.T., Fleming, J.M., Morrison, S.L., 1996. In vivo
properties of an IgG3—IL-2 fusion protein. A general strategy
for immune potentiation. J. Immunol. 157, 3165.

Harvill, E.T., Morrison, S.L., 1995. An IgG3-IL2 fusion protein
activates complement, binds Fc gamma RI, generates LAK
activity and shows enhanced binding to the high affinity
IL2-R. Immunotechnology 1, 95.

Harvill, E.T., Morrison, S.L., 1996. An IgG3-IL-2 fusion protein
has higher affinity than hrIL-2 for the IL-2R alpha subunit:
real time measurement of ligand binding. Mol. Immunol. 33,
1007.

Heufler, C., Koch, F., Schuler, G., 1988. Granulocyte/macrophage
colony-stimulating factor and interleukin 1 mediate the matu-
ration of murine epidermal Langerhans cells into potent
immunostimulatory dendritic cells. J. Exp. Med. 167, 700.

Hornick, J.L., Khawli, L.A., Hu, P., Lynch, M., Anderson, P.M.,
Epstein, A.L., 1997. Chimeric CLL-1 antibody fusion proteins
containing granulocyte-macrophage colony-stimulating factor
or interleukin-2 with specificity for B-cell malignancies exhibit
enhanced effector functions while retaining tumor targeting
properties. Blood 89, 4437.

Hornick, J.L., Khawli, L.A., Hu P, S.J., Khanna, C., Epstein, A.L.,
1999. Pretreatment with a monoclonal antibody/interleukin-2
fusion protein directed against DNA enhances the delivery of
therapeutic molecules to solid tumors. Clin. Cancer. Res. 5,
S1.

Hrouda, D., Perry, M., Dalgleish, A.G., 1999. Gene therapy for
prostate cancer. Semin. Oncol. 26, 455.

Hsieh, C.S., Macatonia, S.E., Tripp, C.S., Wolf, S.F., Ogarra, A.,
Murphy, K.M., 1993. Development of Thl Cd4+ T-cells
through IL-12 produced by listeria-induced macrophages.
Science 260, 547.

Hu, P, Hornick, J.L., Glasky, M.S., Yun, A., Milkie, M.N.,
Khawli, L.A., Anderson, PM., Epstein, A.L., 1996. A
chimeric Lym-1/interleukin 2 fusion protein for increasing
tumor vascular permeability and enhancing antibody uptake.
Cancer Res. 56, 4998.

Hurford, R.K.J., Dranoff, G., Mulligan, R.C., Tepper, R.I., 1995.
Gene therapy of metastatic cancer by in vivo retroviral gene
targeting. Nat. Genet. 10, 430.

Katre, NV., Knauf, M.J., Laird, W.J., 1987. Chemical modification
of recombinant interleukin 2 by polyethylene glycol increases
its potency in the murine Meth A sarcoma model. Proc. Natl.
Acad. Sci. USA 84, 1487.

Kim, T.S., DeKruyff, R.H., Rupper, R., Maecker, H.T., Levy, S.,
Umetsu, D.T., 1997. An ovalbumin—IL-12 fusion protein is
more effective than ovalbumin plusfree recombinant IL-12 in
inducing a T helper cell type 1-dominated immune response
and inhibiting antigen-specific IgE production. J. Immunol.
158, 4137.

Bicara Ex. 1072
Bicara v. JHU - PGR2026-00025



100 M.L. Penichet, S.L. Morrison | Journal of Immunological Methods 248 (2001) 91—101

Lieschke, G.J., Rao, P.K., Gately, M.K., Mulligan, R.C., 1997.
Bioactive murine and human interleukin-12 fusion proteins
which retain antitumor activity in vivo. Nat. Biotechnol. 15,
35.

Liu, S.J., Sher, Y.P., Ting, C.C., Liao, KW., Yu, C.P., Tao, M.H.,
1998. Treatment of B-cell lymphoma with chimeric IgG and
single-chain Fv antibody—interleukin-2 fusion proteins. Blood
92, 2103.

Lode, H.N., Xiang, R., Dreier, T., Varki, N.M., Gillies, S.D.,
Reisfeld, R.A., 1998. Natural killer cell-mediated eradication
of neuroblastoma metastases to bone marrow by targeted
interleukin-2 therapy. Blood 91, 1706.

Lotze, M.T., Grimm, E.A., Mazumder, A., Strausser, J.L., Rosen-
berg, S.A., 1981. Lysis of fresh and cultured autologous tumor
by human lymphocytes cultured in T-cell growth factor.
Cancer Res. 41, 4420.

Lotze, M.T., Matory, Y.L., Ettinghausen, S.E., Rayner, A.A.,
Sharrow, S.0., Seipp, C.A., Custer, M.C., Rosenberg, S.A.,
1985. In vivo administration of purified human interleukin 2.
II. Half life, immunologic effects, and expansion of peripheral
lymphoid cells in vivo with recombinant IL 2. J. Immunol.
135, 2865.

Maas, R.A., Dullens, H.F., De Jong, W.H., Den Otter, W., 1989.
Immunotherapy of mice with a large burden of disseminated
lymphoma with low-dose interleukin 2. Cancer Res. 49, 7037.

Maas, R.A., Dullens, H.F., Den Otter, W., 1993. Interleukin-2 in
cancer treatment: disappointing or (still) promising? A review.
Cancer Immunol. Immunother. 36, 141.

Maas, R.A., Van Weering, D.H., Dullens, H.F., Den Otter, W.,
1991. Intratumoral low-dose interleukin-2 induces rejection of
distant solid tumour. Cancer Immunol. Immunother. 33, 389.

Maass, G., Schmidt, W., Berger, M., Schilcher, F., Koszik, F.,
Schneeberger, A., Stingl, G., Birnstiel, M.L., Schweighoffer,
T., 1995. Priming of tumor-specific T cells in the draining
lymph nodes after immunization with interleukin 2-secreting
tumor cells: three consecutive stages may be required for
successful tumor vaccination. Proc. Natl. Acad. Sci. USA 92,
5540.

Mattijssen, V., Balemans, L.T.M., Steerenberg, P.A., Demulder,
PH.M., 1992. Polyethylene-glycol-modified interleukin-2 is
superior to interleukin-2 in locoregional immunotherapy of
established guinea-pig tumors. Int. J. Cancer 51, 812.

McGrath, J.P., Cao, X., Schutz, A., Lynch, P.,, Ebendal, T.,
Coloma, M.J., Morrison, S.L., Putney, S.D., 1997. Bifunction-
al fusion between nerve growth factor and a transferrin
receptor antibody. J. Neurosci. Res. 47, 123.

Morrissey, PJ., Bressler, L., Park, L.S., Alpert, A., Gillis, S.,
1987. Granulocyte-macrophage colony-stimulating factor aug-
ments the primary antibody response by enhancing the func-
tion of antigen-presenting cells. J. Immunol. 139, 1113.

Ohkubo, C., Bigos, D., Jain, R.K., 1991. Interleukin 2 induced
leukocyte adhesion to the normal and tumor microvascular
endothelium in vivo and its inhibition by dextran sulfate:
implications for vascular leak syndrome. Cancer Res. 51,
1561.

Ostendorf, A.M., Albertini, M.R., Gan, J., Hank, J.A., Gillies,
S.D., Sondel, P.M., 2000. Development of an assay to detect
an anti-hul4.18-112 response following in vivo therapy with

anti-GD2 fusion protein, hul4.18-112. In: Proceedings of the
American Association for Cancer Research. 91th Annual
Meeting, Vol. 41, p. 194.

Peng, L.S., Penichet, M.L., Morrison, S.L., 1999. A single-chain
IL-12 IgG3 antibody fusion protein retains antibody specificity
and IL-12 bioactivity and demonstrates antitumor activity. J.
Immunol. 163, 250.

Penichet, M.L., Challita, P.M., Shin, S.U., Sampogna, S.L.,
Rosenblatt, J.D., Morrison, S.L., 1999. In vivo properties of
three human HER2/neu-expressing murine cell lines in im-
munocompetent mice. Lab. Anim. Sci. 49, 179.

Penichet, M.L., Harvill, E.T., Morrison, S.L., 1998. An 1gG3-IL-2
fusion protein recognizing a murine B cell lymphoma exhibits
effective tumor imaging and antitumor activity. J. Interferon
Cytokine Res. 18, 597.

Piedra, P., Poveda, G.A., Ramsey, B., McCoy, K., Hiatt, PW.,
1998. Incidence and prevalence of neutralizing antibodies to
the common adenoviruses in children with cystic fibrosis:
implication for gene therapy with adenovirus vectors. Pediat-
rics 101, 1013.

Pizza, G., Severini, G., Menniti, D., De Vinci, C., Corrado, F.,
1984. Tumour regression after intralesional injection of inter-
leukin 2 (IL-2) in bladder cancer. Preliminary report. Int. J.
Cancer 34, 359.

Roitt, I.M., Brostoff, J., Male, K. (Eds.), 1989. Immunology, 2nd
Edition. Gower Medical, London.

Rosenberg, S.A., Yang, J.C., White, D.E., Steinberg, S.M., 1998.
Durability of complete responses in patients with metastatic
cancer treated with high-dose interleukin-2: identification of
the antigens mediating response. Ann. Surg. 228, 307.

Ruef, C., Coleman, D.L., 1990. Granulocyte-macrophage colony-
stimulating factor: pleiotropic cytokine with potential clinical
usefulness. Rev. Infect. Dis. 12, 41.

Rutten, V.P.,, Klein, W.R., De Jong, W.A., Misdorp, W., Den Otter,
W., Steerenberg, P.A., De Jong, W.H., Ruitenberg, E.J., 1989.
Local interleukin-2 therapy in bovine ocular squamous cell
carcinoma. A pilot study. Cancer Immunol. Immunother. 30,
165.

Santoli, D., Clark, S.C., Kreider, B.L., Maslin, P.A., Rovera, G.,
1988. Amplification of IL-2-driven T cell proliferation by
recombinant human IL-3 and granulocyte-macrophage colony-
stimulating factor. J. Immunol. 141, 519.

Schmidt, W., Schweighoffer, T., Herbst, E., Maass, G., Berger, M.,
Schilcher, F., Schaffner, G., Birnstiel, M.L., 1995. Cancer
vaccines: the interleukin 2 dosage effect. Proc. Natl. Acad. Sci.
USA 92, 4711.

Siegel, J.P., Puri, R.K., 1991. Interleukin-2 toxicity. J. Clin. Oncol.
9, 694.

Simons, JW., Jaffee, E.M., Weber, C.E., Levitsky, H.I., Nelson,
W.G., Carducci, M.A., Lazenby, A.J., Cohen, L.K., Finn, C.C.,
Clift, S.M., Hauda, K.M., Beck, L.A., Leiferman, K.M.,
Owens, Jr. A.H., Piantadosi, S., Dranoff, G., Mulligan, R.C.,
Pardoll, D.M., Marshall, F.F., 1997. Bioactivity of autologous
irradiated renal cell carcinoma vaccines generated by ex vivo
granulocyte-macrophage colony-stimulating factor gene trans-
fer. Cancer Res.. 57, 1537.

Simons, J.W., Mikhak, B., Chang, J.F., DeMarzo, A.M., Carducci,
M.A., Lim, M., Weber, C.E., Baccala, A.A., Goemann, M.A.,

Bicara Ex. 1072
Bicara v. JHU - PGR2026-00025



M.L. Penichet, S.L. Morrison | Journal of Immunological Methods 248 (2001) 91—101 101

Clift, S.M., Ando, D.G., Levitsky, H.I., Cohen, L.K., Sanda,
M.G., Mulligan, R.C., Partin, AW., Carter, H.B., Piantadosi,
S., Marshall, F.F., Nelson, W.G., 1999. Induction of immunity
to prostate cancer antigens: results of a clinical trial of
vaccination with irradiated autologous prostate tumor cells
engineered to secrete granulocyte-macrophage colony-
stimulating factor using ex vivo gene transfer. Cancer Res. 59,
5160.

Smith, P.D., Lamerson, C.L., Wong, H.L., Wahl, L.M., Wahl, S.M.,
1990. Granulocyte-macrophage colony-stimulating factor
stimulates human monocyte accessory cell function. J. Im-
munol. 144, 3829.

Smith, RM., Wu, G.Y., 1999. Hepatocyte-directed gene delivery
by receptor-mediated endocytosis. Semin. Liver Dis. 19, 83.

Soiffer, R., Lynch, T., Mihm, M., Jung, K., Rhuda, C., Schmoll-
inger, J.C., Hodi, F.S., Liebster, L., Lam, P., Mentzer, S.,
Singer, S., Tanabe, K.K., Cosimi, A.B., Duda, R., Sober, A.,
Bhan, A., Daley, J., Neuberg, D., Parry, G., Rokovich, J.,
Richards, L., Drayer, J., Berns, A., Clift, S., Dranoff, G. et al.,
1998. Vaccination with irradiated autologous melanoma cells
engineered to secrete human granulocyte-macrophage colony-
stimulating factor generates potent antitumor immunity in
patients with metastatic melanoma. Proc. Natl. Acad. Sci.
USA 95, 13141.

Steis, R.G., VanderMolen, L.A., Longo, D.L., Clark, J.W., Smith,
JW.d., Kopp, W.C., Ruscetti, FW., Creekmore, S.P., Elwood,
L.J., Hursey, J. et al., 1990. Recombinant human granulocyte-
macrophage colony-stimulating factor in patients with ad-
vanced malignancy: a phase Ib trial. J. Natl. Cancer Inst. 82,
697.

Su, N., Ojeifo, J.O., MacPherson, A., Zwiebel, J.A., 1994. Breast
cancer gene therapy: transgenic immunotherapy. Breast Can-
cer Res. Treat. 31, 349.

Talmadge, J.E., Phillips, H., Schindler, J., Tribble, H., Pennington,
R., 1987. Systematic preclinical study on the therapeutic
properties of recombinant human interleukin 2 for the treat-
ment of metastatic disease. Cancer Res. 47, 5725.

Tao, M.H., Morrison, S.L., 1989. Studies of aglycosylated
chimeric mouse—human IgG. Role of carbohydrate in the
structure and effector functions mediated by the human IgG
constant region. J. Immunol. 143, 2595.

Trinchieri, G., 1995. Interleukin-12: a proinflammatory cytokine
with immunoregulatory functions that bridge innate resistance
and antigen-specific adaptive immunity. Annu. Rev. Immunol.
13, 251.

Tsung, K., Meko, J.B., Peplinski, G.R., Tsung, Y.L., Norton, J.A.,
1997. IL-12 induces T helper 1-directed antitumor response. J.
Immunol. 158, 3359.

Voest, E.E., Kenyon, B.M., O’Reilly, M.S., Truitt, G., D’Amato,
R.J., Folkman, J., 1995. Inhibition of angiogenesis in vivo by
interleukin 12 [see comments]. J. Natl. Cancer Inst. 87, 581.

Wong, G.H., Clark-Lewis, 1., Harris, AW., Schrader, JW., 1984.
Effect of cloned interferon-gamma on expression of H-2 and
Ia antigens on cell lines of hemopoietic, lymphoid, epithelial,
fibroblastic and neuronal origin. Eur. J. Immunol. 14, 52.

Xiang, R., Lode, H.N., Dolman, C.S., Dreier, T., Varki, N.M.,
Qian, X., Lo, K.M., Lan, Y., Super, M., Gillies, S.D., Reisfeld,
R.A., 1997. Elimination of established murine colon car-
cinoma metastases by antibody—interleukin 2 fusion protein
therapy. Cancer Res. 57, 4948.

Xiang, R., Lode, H.N., Gillies, S.D., Reisfeld, R.A., 1999. T cell
memory against colon carcinoma is long-lived in the absence
of antigen. J. Immunol. 163, 3676.

Young, D.A., Lowe, L.D., Clark, S.C., 1990. Comparison of the
effects of IL-3, granulocyte-macrophage colony-stimulating
factor, and macrophage colony-stimulating factor in support-
ing monocyte differentiation in culture. Analysis of macro-
phage antibody-dependent cellular cytotoxicity. J. Immunol.
145, 607.

Yron, L., Wood, Jr. T., Spiess, P.J., Rosenberg, S.A., 1980. In vitro
growth of murine T cells. V. The isolation and growth of
lymphoid cells infiltrating syngeneic solid tumors. J. Immunol.
125, 238.

Zatloukal, K., Schneeberger, A., Berger, M., Schmidt, W., Koszik,
F., Kutil, R., Cotten, M., Wagner, E., Buschle, M., Maass, G.
et al., 1995. Elicitation of a systemic and protective anti-
melanoma immune response by an IL-2-based vaccine. As-
sessment of critical cellular and molecular parameters. J.
Immunol. 154, 3406.

Zitvogel, L., Tahara, H., Robbins, P.D., Storkus, W.J., Clarke,
M.R., Nalesnik, M.A., Lotze, M.T., 1995. Cancer immuno-
therapy of established tumors with IL-12. Effective delivery
by genetically engineered fibroblasts. J. Immunol. 155, 1393.

Zou, J.P., Yamamoto, N., Fujii, T., Takenaka, H., Kobayashi, M.,
Herrmann, S.H., Wolf, S.F., Fujiwara, H., Hamaoka, T., 1995.
Systemic administration of rIL-12 induces complete tumor
regression and protective immunity: response is correlated
with a striking reversal of suppressed IFN-gamma production
by anti-tumor T cells. Int. Immunol. 7, 1135.

Bicara Ex. 1072
Bicara v. JHU - PGR2026-00025





