Targeting the IL-15 Receptor with an Antagonist 11.-15
Mutant/Fey2a Protein Blocks Delayed-Type Hypersensitivity!

Yon Su Kim,*T Wiodzimierz Maslinski,**" Xin Xiae Zheng,*" A. Christopher Stevens,**
Xian Chang Li,*" Gregory H. Tesch,*® Vicki R. Kelley,*® and Terry B. Strom®*'

Owing te shared recepior components, the biclegie activities of I.-15 are similar to those of {L-2. However, the patterns of dssae
expression of 1L-2L-2Ra and YL~15/f1-15R« differ. The development of agents targeting the receplor and signaling clements of
i1.-15 may provide 8 new perspective for treatment of diseases associated with expression of fL-15/1L-15R. We designed, genet-
ically constructed, and expressed a recepior site-specific Y-8 antagonist by mudating glutamine residues within the € terminus
of B1.~15 o aspartic acid and genectically linked this muéant 11-15 ¢o murine Foyla. These mutant {115 protfeins specifically bind
to the IL-15R, competitively inhibi¢ 11-15-tripgered cell proliferation, and do net activate the STAT-signaling pathway. Becaunse
the recepior site-specific antagonist 11.-15 mutant/FeyZa fusion proteins had a prolonged 2. in vive and the potential for desirue-
tion of IL-E5R™ lenkecytes, we examined the immunosuppressive activily of this agent. An IL-15 mutant/Foeyla fusion protein
markedly atiennated Ag-specific delayed-type hypersensitivity responses and decreased ienkocyte infiliration within the delayed-
type hypersensitivity sites. These findings smggest that 1) IL-15/1~15R* cells are crucial to these T celi-dependent immune
responses, and 2} treatment with [L-15 mutant/Foyla protein may ameliorate T ceil-dependent immune/infammatory diseases.

The Journal of Immunology, 1998, 160: 5742-5748.

ccause cytokines influence immunity and inflammsation,
interventions that modify cytokine pathways or destroy
cytokine receptor-bearing cells can be effective for mod-
ulating harmit! inflammatory responses (1), Owing to shared re-
ceptor components, 1L-15 is a cytokine with similar activity to
that of IL-2 as 1} an activator of T lymphooyte growth, 2} an
inducer of cytotoxic effector cells, 3} 3 chemoatiractant for T cells,
and 4) a stimulator of NK cell proliferation and activation, and
facilitator of IFN-vy and TNF-« synthesis (2-7). The production of
1L-15 is regulated at transcriptional and positranscriptional levels
{4). Unlike 1L-2, I1-15 transcripts are not detected in resting or
activated T cells (4, 5). Nonetheless, [L-15 expression is associated
with exacerbations of antoiromune diseases such as rtheumatoid
arthritis (8—10), inflammatory bowel discase (11}, and allograft
rejection (12, 13).

The H-15R comprises three elements; IL-15Rq, IL-2RS, and
IL-2Ry (also called common vy or v} (14-16). Thus, the {L-2R
and IL-15R share two components. IL-15Ra mRNA is expressed
in a wide range of ceil types, including activated T celis, activated
NK cells, activated B cells, activated macrophages, activated vas-
cular endothelial cells, as well as thymic and bone marrow stromal
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cells. IL-15Ra mRMNA also has wide range of tissue expression
such as liver, heart, spleen, lung, and skeletal muscle (4, 16). The
development of agents targeting IL-15R may provide a new per-
spective for the ireatrent of imoune and inflaramatory diseases.

Cytokines possess a very high affinity for their receptor, but
their short lives and agonist activily, triggering activation of re-
ceptor-bearing target cells, limit or preclude their utility as receptor
site antagonisis or a vehicle for targeting cytocidal agents to cy-
tokine receptor-bearing cells without transiently stimulating the
target cells. The relatively short in vivo ¢, of many cytokines
hanper their therapeutic efficacy and require frequent injection or
constant administration {1). To overcome the problem associated
with the short ¢,,, we and others have generated long-lived cyto-
kine/IgG-related fusion proteins (17-19). Depending upon the de-
sired apphication, the Fe region can be chosen o express or pre-
clude cytocidal activity against the target cells (17, 19).

Petitt ot al. (20) demonstrated that rautation of the ghutamine at
residue 108 in human IL-15 to serine creates an [L-15R site-spe-
cific antagonist. In our faboratory, an fL-15 antagonist was ako
constructed by replacing the codons for the C-terminal glutamine
amnino acid residues with codons for aspartic acid (i.e., Q101 and
2108) and we developed a sirategy for selective targeting high
affinity IL-15Ra-bearing cells by use of IL-15 mutant/Foy2a fu-
sion proteins. IL-15 mutant/Fey2a proteins have a high affinity,
receptor site-specific IL-15R binding, and antagonist properties;
fail 1o activate the STAT system; and possess 2 prolonged 4, int
vivo, Treatment with the I1~-15 mutant/Foy2a fusion protein mark-
edly attennates Ag-specific DTH? responses and cellular infiltra-
tion within the DTH sites. These findings suggest that IL-15 and/or
IL-15R™ cells are crucial for, at least, some Ag-specific T celi-
medisted immune response in vivo, Hence, IL-15 mutant/Fey2a
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protfeins may provide therapeutic benefit for certain T cell-depen-
dent immune diseases and other IL-15-rich inflammatory states.

Materials and Methods

Genetic construction of IL-15 mutant/FeyZa

Human IL-15 and murine Feyla cDNAs were generated from mBNA ex-
tracted from PHA -stimulated human PBMCs and IgG2a-secreting hybrid-
oraa (American Type Cell Culture (ATCC) HB129, Rockville, MD), re-
spectively, using reverse-transcriptase MMLV-RT {Life Technologies,
Gaithersburg, MIY) and synthetic oligo(dT) oligonucleotides (Life Tech-
nologies). The IL-15 mutant cDNAs were designed to target select glu-
tamine codons of human IL-15 (Q101 and Q108) for mutation to aspartic
acid sequences by PCR-assisted site-directed mutagenesis. For the con-
struction of muutant plasmids, a 322-bp ¢DNA fragment encoding mature
human ¥L-15 with relevant mutations at positions 101 and 108 was am-
plified by PCR utilizing synthetic sense: 5'-GAAGCTTGAACTGGGT
GAATGTAATAAGT-3 (Hindll site plus bases) and antisense oligonu-
cleotides corresponding to the C-terminal fragment of human IL-15,
followed by a BamIl site (the mutated codons are underlined and in bold):
5 -TCTGGGATCCGAAGTGTTGATGAACATGTCGACAATATGTAC
AAAACTGTCCAAAAAT-3', Synthetic oligonucieotides used for the am-
plification of the Foy2a domain cDNA change the first codon of the hinge
region from Glu to Asp to create a unigue BemiIl site spanning in the first
codon of the hinge and introduce a unique Xbaf site 3’ to the termination
codon. Ligation of cytokine and Fey2a components in the correct transla-
tional reading frame yields a 1059-bp-long open frame encoding a single
353-amino-acid polypeptide. The mature secreted homodimeric IL-15 mu-
tant/Fey2a is predicted to have 3 mow. of 80 kDa, exclusive of glycosyl-
ation. Proper genetic construction of 1-15 mutant/Fey2a was confirmed by
DNA sequence analysis following cloning of the fusion genes into the
eukaryotic expression plasmid pSecTag (Invitrogen, San Diegoe, CA). This
plasmid carries a CMV promoter, 1gG « leader sequence, and a gene for
selection against Zeocin (Invitrogen).

Expression and purification of 1£-15 mutant/Feyla

Plasmids carrying fusion genes wete transfected into NS.1 cells (ATCC) by
clectroporation (1.5 kV/3 pF/0.4 cn/PBS) and selected in serum-free Ul-
traculture media (BioWhittaker, Walkersville, MY} containing 100 pg/ml
Zeocin. After subcloning, high producing clones were selected by screen-
ing supernatants for IgG2a by ELISA. IL-15 mutant/Foy2a fusion proteins
were purified from culture supernatant by protein A-Sepharose affinity
chromatography (Pharmacia, Piscataway, NJ), followed by dialysis against
PBS and 0.22-pm filter sterilization. Purified proteins were stored at
~20°C until use. The size and specificity of purified IL-15 mutant/FoyZa
wers confirmed by SDS-PAGE under reducing (+BTT) and nonreducing
{(~DTT) conditions, followed by Western blot analysis using polyclonal
anti-human ¥L-15 (PeproTech, Rocky Hill, NI) and anti-murine Ig32a Abs
(PharMingen, San Diego, CA).

BDetermination of 1£-15 mutant/FeyZa civeulating t,,,

The scrum concentration of IL-15 mulant/FeyZa was determined ai vatious
time points following a single bokus L.v. injection of the fusion protein that
was administered to 8- to 10-wk-old BALB/c mice {The Jackson Labora-
tory). Serial 100-ul blood samples were obtained by retroorbital bleeding
at mntervals of 0.1, 6, 24, 48, 72, and 96 h after administration. Measure-
ments of IL-15 mutant/FeyZa were made by ELISA using rabbit anti-
human 11-15 Ab as the capture Ab and horseradish peroxidase-conjugated
anti-mouse IgG2s mAb as the detection Ab (PharMingen). This assured
that the ELISA was specific for the IL-15 mutant/Fey2a protein, and not
IL-15 or mouss IgG2a.

FProliferation assays

I-3-dependent BAF-BO3 cclls expressing fL-2R3 chains were washed
twice to remove the growth factor and starved for 6 b in RPME 1640
medium supplemented with 1% FCS, penicillin, and sireptomycin, Cells
were then plated (2 X 10% cells/well) and cultured for 48 h at 37°C with
medium alone or medium supplemented with IL-3-rich supernatants from
WEHI cells, thil-2, or thil-13 in an atmosphere conisining 5% CO,.
Following this incubation, cells were pulsed for 6 b with 1 uCi PHITR
and harvested onto Whatman 934-AH glass microfiber filters using a PHD
cell harvester (Cambridge Technology, Cambridge, MA). Cell-associated
[PHITAR was measwred using & Beckman LS 2800 scintillation counter
{Beckman, Fulletton, CA). To probe for recepior site-specific antagonist
activity, growth factors (IL-3-rich media, thil-2, or thil-15) were added
simultancously with the indicated concentrations of IL-15 mutant/Fevla
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proteins, BAF-BO3 cells were then harvested, and celi-associated radio-
activity was measured by scintillation counting, described as above. BAF-
BO3 cells cultured with I-15 mutant/Fev2a proteins for 3 days were
stained with trypan blue to determine cell viability. No evidence of cell
toxicity was observed in IL-15 mutant/Foy2a-treated cells in comparison
with controls.

Immunoblotting for STAT proteins

TL-3-dependent BAP-BO? cells cxpressing IL-2RS chains were washed
twice to remove the growth factor and starved for 6 h in RPMI 1640
medium supplemented with 1% FCS, penicillin, and streptonayein. Cells
were washed again, resuspended in RPMI 1640 (107 celis/ml), and stim-
ulated with mediur alone, or medivm supplemented with either 50 Uil
of thil-2, 10 ng of rhil-15, or I-15 mutant/Feyla proteins. Following
interaction with these proteins for 2 min at 37°C, the cells were washed
with ics-cold PBS and lysed for 15 min on ice in 50 pl of buffer containing
NaCl (150 mM), Nonidet P-40 (1%), Tris-HCL pH 7.5 (25 mM), Na, VO,
(1 mM), PMSF (1 M), leupeptin (10 pg/mi), and aprotinin (10 up/rd).
Cellular debris was removed by centrifugation, and proteins present in the
supernatants of these cell lysates were separated on 7.5% SDS-PAGE uo-
der reducing conditions and transferred opto polyvioylidens diffuoride
membranes. The membranes were blocked for 1 h at room temperature in
buffer containing Tris-HCI (20 M, pH 7.5), NaCll (150 mM), Tween-20
{0.1%), and BSA (3%, and then incubated for 1 k with phosphospscific
STAT3 Ab (New Pogland Biolabs, Beverly, MA). The membrane was
washed and developed using the SuperSignal Western blotting kit (Pierce,
Rockford, IL), according to the manufacturst’s protocol. For subsequent
staining, the membranes were incubaied at 50°C for 20 min in sivipping
buffer containing 100 naM 2-ME, 2% SDS, and 62.5 mM Tris-HCL, pH 6.7,
followed by a 1-h incubation in blocking buffer, and inmmunodetection was
performed using anti-STAT3 Ab (Santa Cruz Biotechnology, Santa Cruz,
CA). For the detection of phosphorylation of STATS proteins, cell Iysates
from BAF-BO3 cells expressing 1L-2Rg, stimulated described as above,
were separated on SDS-PAGE. After transfer onto polyvinylidene diffuo-
ride membranes, inununodetestion of phosphorylated proteins was per-
formed using horseradish peroxidase-conjugated anii-phosphotyrosine Ab
{Zymed, South San Francisco, CA). This membrane was blotted again
using anti-STATS Ab (Transduction Laboratories, Lexington, KY) after
stripping described as above.

Celil staining for flow cytomenry

BAF-BO3 cells expressing IL-2RB (10% celis/tube) were washed twice
with ice-cold PBS/0.02% sodium azide. After blocking with conirol mouse
¥z (PharMingen), cells were incubated in medium alone (control) or me-
dium containing 1L.-15 mutant/Fe on ice for 30 wmin, washed with PBS, and
incubated for 30 min with FITC-conjugated goat anti-mouse Fc Ab
{Pierce). To define the mceptor-ligand specificity, molar excess rhil-2,
thil~13, ot rat anti-mouse IL-2Ry Ab (4G3/3E12; kind gift of Dr. Thomas
R. Malek, Miami, FL) was added to medium containing IL-15 mutant/
Fery2a. Cells were stained with FITC-conjugated goat anti-mouse Fo Ab.
Cell staining was analyzed using FACScan (Becton Dickinson, Mouniain
View, CA} and CeliQuest soltware.

DTH responses

BALB/c (The Jackson Laboratory) mice were sensitized to methylated
BSA (MBSA; Sigma, St. Louis, MO) by an intradermal injection of 50 ul
of § mg/ml MBSA in CFA (Sigma) af two gites on the abdomen. Eight days
after inmunization, the mice were rechallenged by injection of 20 plof §
mg/ml MBSA into one rear footpad, while the other rear footpad received
a comparable volume of PBS. Measurements of footpad swelling were
taken at 24, 48, and 72 b after challenge by use of two different microme-
ters (Mitutoyo, Tokyo, Japan, and LS Starrett, Athol, MA). The magnitude
of the DTH responses was determined as the differences in footpad thick-
ness between the Ag- and PBS-injected footpads. DTH responses were
measured in a blinded fashion, in which measurerents were obtained by an
individual who did not know the treatment protocol for each subject. Treat-
ment protocols were: 1) 1p. ingjection of 1.5 pg of either IL-15 mutant/
Foyla or mouse IgGla daily, starting 30 min before the rechallenge with
MBSA and continued for 3 days with or without concomitant cyclosporine
{CsA; Novartis, Hanover, NI} (2 mg/kg of CsA ip. as loading dose, and 0.5
mglkg on the following 2 days), or 2} i.p. injection of 1.5 pg of either H.-15
mutant/Fey2a or mouse IgG2a daily, starting 30 min before the initial
challenge of MBSA and continued daily for 8 days. For histwlogic exam-
ination of the DTH reaction sites in the first treatment protocol, soft tissue
samples from the foot were collected at 12 and 24 b after the second MBSA
challenge.
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Characterization of 1L-15 mutant/Fey2e fusion proteius

In previous studies, we demounstrated that FLAG-HMKAL-15 spe-
ciftcally buids to Y- 1SR expressed on PHA-activated PBMC
and T84 colonic cryptitke intestinal epithelial carcinoma cells
Mutations targeting ghrtamine residues locahized n the C
a-helix of i

uman 1L-15 do not destroy the abi
HMK-L- 15 mutant profems t¢ bind to 1L~ (SR {r’m WSCAPL & uh—
mitted®). In keeping with the observations of Petiit et al. {203, an
i S-related glutamine to aspariie acid mutant, Le., FLAG-HMK-
QIO Q08 proteins, specifically and cowmpetitively
block IL-15-riggered cell proliferation (data not shown) This
FLAG-HMKAL-13 Q18ID.0188D mutant profewn is an amtago-
st for thil-1S5-ingpered proliferation. As the FLAG epitope 1s
imaraogenie, and the 4,5 of upmodified oytokine i shot (1),
these featuves Hmit therapeutic application. Thus, we developed an
- 13 mntant'Feyla fusion protein fo provide a receptor site-spe-
vific antagonist W;}th 2 profonged civenlating ¢, ., and oytooidal po-
tential. To confirm the molecular size and the cytokine/isotype
spectiictiy, the afiini?} parified fusion profein was characterized by
Westers blot analysis following 129 SDS-PAGE. As shown in
Figwee 1, the IL-15 mutant/Foyla fusion proteins migrated nuder
reducing { -+ DTT) condistons as 2 single speeies at a molecular size
of 46 kixa (Fig. |, Janes I and 2} Under pouredneng (DT}
conditions, each 1L-15 mutant/Foyla fusion protein runs as a sin-
gle species at @ wolecular stve of 95 ¥Da (Fig. 1, lones 2 and 4),
which indicates that the IL-15 mutant/Fovia fusiop profein 1s ex-
pressed 2s 3 homodimer. Moreovey, the H-15 mtant/Feyla Ei}si(sn
prumn is immmnoreactive with both anti-human 1L-15 Ab Fip. 1,
lanes 1 and 2Y and anit-mouse 13622 Ab (Fig. 1. loner 3 xd 4},
coufirming the cvfokine and isotype specificity of the f1.-15 moiety
and Foyl2a domais, respectively.
Flow-cytometric analysis revealed that the [L-15 mutantFey2a
fusion protein binds to 1L-15R expressed upon IL-ZRET BAF-
BOY wells (Fig. 24). The specificity of the 113 nwtant

[y

LONG-ACTING L-15 ANTAGONIST THAT BLOCKS BTH
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yia fusion protein under reducing {Jun
5 cm‘d:b w3 shows Bomodur,

tinding for IL-15 binding sties was esiablished through a
which the binding of the IL-13 mutantFeyla to targ

blocked by provision of a molar ?\'ce% (\f hil-15 (g b’} aud
not inhibited by a molar © (Fig. 2C) or 4G373E12
at anti~mouse L-2Ry Ab (¥

IL-15 mutant/FeyZa fusion proteins fail 1o support cell

prol tion and 1o trigger ivrosine phosphorylation of STAT3

and STATY protems

The impact of mutation of the C-terminal ghatamine restdues and
tinking of the mutant 1L-15 to the Fo dommn on the biologic ac-
tivity of TL-15 was probed. The IL-15 mutant/Toya fusion profetn
fails to support the proliferation of TL-1S-sensitive IL-2RB ™ BAF-
803 cells. Furthermore, simubtaneous addison of the mutant IL-15
profein bloc‘\'ss WL-15-driven celi proliferation n dose-dependent
manner {Fig. 33, white rhiL-2- or IL-3-rich medrum-dependent cell
proliferation s not inhibited by the addition of IL-15 mutant/
Feyla, even to excess amount of fuswen protetns (Fig. 3).

The tyrosine phosphorylation of STATY and STATS proteins is
eritical to Y- {Staggered cell protiferation (23, 24). Therefore, we

A B

1L-15 mutant/Fey,,
+rhIL-15

1L-15 mutant/Fey,,

Log,, fluorescence

relative cell count

1L-15 mutant/Fey,,

IL-15 mutant/Fcy,, ACIBEDR

+rhiL-2

caebene”

FIGURE 2. IL-15 mutant/Fey2a protein specifically binds to the IL-
15R. IL-3-scusitive BAF-BO3 cells were washed and incubated with me-
dium alone {dotted line} or medium supplemented with IL-15 mutant/
Fey2a protein (bold ing), followed by interaction with FITC-conjugated
goat anti-mouse Fc Ab (). The stained IL-15R™ cells were analyzed by
flow cytemetry. This binding was blocked by molar excess of rhIL-15 {B).
Excess amounts of rhiL-2 or 4G3/3E12 rat anti~mouse 1L-2Ry Ab did not
inhibit the binding of 1L-15 mutant/Fcy2a protein to its receptors (C and
D). The data presented are representative of results achieved in three sep-
argte experiments.
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FIGURE 3. IL-i5 mutant’FoyZa protein competitively blocks 1L-15,
but not IL-2- or 1L-3-sich mediam-iriggered celf profiferation, 1L-2RE™
BAF-BO3 cells were incubated with rhil-15 (10 ng/mi) in the presence of
diferent concentrations of {1-15 mutant/Fey2a protein {filled circle} for
48 b, followed by 6 h of [*HJTdR pulse. and celi-incorporated radioactivity
was counted i a scintitlation counter. The TL-15 mutant/Foy2a protein

blocked rhIf-1S5-driven BAF-BO3 cell proliferation in dose-dependent
manner. But thiL-2 {open square)- or IL-3-rich medium (open triangle)-
dependent cell growth wag not lessened i the presence of IL-15 mutant/
Foy2a proteins. The data = mean + SD of triplicate experiments. Similar
results were obtained in three separate experiments.

y 3 roteins
{L-2RET BAP-BO3 gells. Unlike thil-15, [L-15 proteins bearing
the Q101D and Q108D mutanons fal to stimulate tyrosine phos-
phoryiation of STATI and STATS (Fig. 4}, thereby buking the
failure of tyrosyl phosphorylation of STAT2 and STATS protei
with the flure cell profiferstion.
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FIGURE 5. IL-15 mutant/Fcy2a protein has prolonged circulating ;o
(6 h). The time-related serum concentration was determined following a
single bolus 1.v. dose (6 pg) of the fusion protein. Blood samples were
obtained by retroorbital biceding at the indicated intervals. The levels of
mutant fusion protein weve detected by ELISA with vat anti-human IL-15
Ab as capture Ab and horseradish peroxidase-conjugated rat anti-mouse
1gG2a Ab as the detection Ab. Four mice were used for determining the
fy;5. Data = mean * SD.

fusion protein is prolonged in commparison with the ¢, of unmod-

ified fL-15, which i5 2 t0 3 min {2

Ho-15 m

utant/foyia fusion proteins biock DIH i normad mice
To determine whether IL-15 mutant/FovZa treatment blocks T
ceil-dependent i vive responses o an Ag. IFTH responses wers
evaluated. After the inttial immunization with MBSA, mice were
treated with either the 8.-13 mstani/Foy2s
ipG m control group starting just before rechal
with or without convomuitant UsA. As shown ig Table { controd
mouse {gQi-treated mice mounted a brisk DTH response t¢ a ve-
challenge of MBSA atment with CsA and conrel 16 did not
markedly attennate the DTH respounse, while ireaiment with 1135
nmtant/Foyla protein blocked the INTH response. This reduction in
DTH lected by 3 decreased inflex of macrophages (Fig. 6)
and CP47 T cells (Fig. 73 within the footpad denmis 1o IL-15
motan/Foyia-treated nice vs conirol mise, Combined treatment
with IL-15 mutant/Toy2e plus CsA reduced the DTH response
syncrgistt sty aad fucther suppressed the cellular fufilason (Ta-
ble §; Figs. 6 and 7).

Beczmm. mflmumatory reactions to Ag, albeit suppres:
evident with the shori-ferm ireairaent of IL-15 mutant/Foy2a, we
d the efficacy of prolonged teaunent with IL-15 sntantFeyla
ns. {L-13 mxtant/Feyla was administered just before the int-
onge of MBSA and continved daily until the day of Ag
rechallenge (AMuiericds and Methads). Control mouse IgG-ireated

15300 Protein or Mouse

, were

Table Y. Change of foolpad thickaess according io treatment
Dhay Treatment Thickness Change {mm; mean £ SD} »
1 mlgG 0.51 = 0.120
mutant/Fe 027 = 0,103 < 0.01
CsA + migG 0.59 = 0.106 N§
CsA + mutantFe 0.18 = 0.173 << .01
2 migG 0.56 = 0.154
mutantFe 0.19 = 0.054 < 0.01
CsA + mlgG 0.40 = 0.098 < {05
CsA + mutant/Fe 0.09 = 0.036 < 0.01
3 mlpgG 0.42 = 0.171
mutant/Fo 0.15 = 0.042 < 9.0t
CsA + mlgG 0.39 = 0.125 NS
CsA + mutant/Fe 0.03 = 0.039 < 0.01

“ Comparing with mlgG-treated mice. NS, not significant; mfgG, mouse Igt
eight mice were included in each group.
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LONG-ACTING L-15 ANTAGONIST THAT BLOCKS BTH
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1115 from [L-2-mediated responses. Using IL-15-sensitive oalls,
we now demonsiraie that IL-15 mutant/Fey2a fails to stimulate
phosphorylation of STAT3 and STATS proteins that are critical to
{L-15 intraceHular signaling (23, 24). Clearly, glutamine residues
localized in the C-terminal a-helix of the IL-15 molecule are cru-
cial for STAT protein activation, which is a critical component of
the intracellular signaling cascade leading 1o IL-15-mediated pro-
liferation. Given the similar three-dimensional structures of IL-15
and IL-2 and the fact that a C-terminal glutamine in IL-2 is re-
sponsible for IL-2R+y chain binding (28}, it is reasonable to spec-
ulate that QIOID,QI08D IL-15 mutant’Foyla proteins cannot
transduce signals through the {L-2Ry chain.

Genetic linkage of {1.-15 fo Fc enhanced the #,,, of the IL-15
moiety {Fig. 5), as previously reported for fusion proteins in-
volving -2 {18}, IL-10 (19}, and 1L-4 (17}. The #;,, of 6 h for
1L-15 routant/FoyZa is not as long as the 33-b ¢, for 1L-10/
Foy2a molecule (19), pethaps due {o the larger tissue distribu-
tion of IL-15R than [L-10R. A second advantage of immunoc-
ligand construction is the opporiunity io manipulate the Fe
backbone to produce, as previously described, lytic and non-
tytic forms of molecules {17, 19, 29}. The known complement
fixation and Ab-dependent cell cytotoxicity binding sites of the
Fe moiety can be mutated to generate immuncligands that are
nonlyiic (19). In these studies, we used the native Foy2a back-
bone to create the IL-15 mutant/Foy2a fusion protein. This se-
quence provides longevity {1} and the ability to activate com-
plement on recepior-bearing leukocyies.

This laboratory has reported previously that in vivo admin-
istration of an IL-2 diphtheria toxin-related fusion protein
blocks DTH (30). As IL-15/fL-15Ra mRNAs are expressed
upen activated lymphocyies as well as tissues targeted by T
cell-mediated immune reactions, we postulated that [L-15R-tar-
geied ireatment, as previously documented for IL-2R-fargeted
treatment (30), would also inhibit Thi-dependent in vive DTH
responses {31-33).

Commensurate with an atienuation in inflammation {(e.g.,
footpad swelling) (Table I}, IL-15 mutant/Fey2a treatment re-
duced the intralesional infiltration of macrophages and CD47 T
cells (Figs. 6 and 7). Indeed, treatment with the IL-15 mutant/
Fey2a proved more potent than a standard dose of CsA. Com-
bined treatment with CsA plus IL-15 mutant/Foy2a synergisti-
cally iphibited the DTH reaction {Table I, Figs. 6 and 7).
Although the mechanism by which the [L-15 mutant protein
blocks T celi-dependent DTH responses was not direcily ad-
dressed in this work, we speculate that IL-15R site antagonism
and/or slimination of IL-13R™ cells account for the effective-
ness of IL-15 mutant protein treatment. Since the number of
IL-15R™ {or IL-2R-positive} celis within the inflammatory le-
sion is very small, we will deterraine whether cell lysis is re-
sponsible, at least in part, for diminishing the inflammatory
response by comparing the effects of IL-15 mutant lytic and
nonlytic Fo fusion proteins.

This report characterizes the binding and funciion of an antag-
onist-type IL-15 mutant/Fcy2a and demonstrates that targeting of
{L-15R can abrogate an in vivo Thi response (DTH}. Hence, based
on the iohibition of DTH, we suggest that IL-15 mutant/Fcy2a
protein offers therapeutic promise as an agent for the treatment of
Thi-type autoimmune diseases, organ transplaniation, and other T
cell-dependent discase processes. In short, we have constructed a
novel long-lived IL-15 mutant/FeyZa molecule whose use raay aid
in determining the roles of IL-15 and IL-15R™ cells in certain
immune and inflanmatory disease states.
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