Resolution of psoriasis upon blockade of IL-15 biological
activity in a xenograft mouse model
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Psoriasis is a chronic inflammatory disease of the skin characterized by epidermal hyperplasia, der-
mal angiogenesis, infiltration of activated T cells, and increased cytokine levels. One of these
cytokines, IL-15, triggers inflammatory cell recruitment, angiogenesis, and production of other
inflammatory cytokines, including IFN-y, TNF-o, and IL-17, which are all upregulated in psoriatic
lesions. To investigate the role of IL-15 in psoriasis, we generated mAb’s using human immunoglob-
ulin-transgenic mice. One of the IL-15-specific antibodies we generated, 146B7, did not compete
with IL-15 for binding to its receptor but potently interfered with the assembly of the IL-15 recep-
tor o, B, Y complex. This antibody effectively blocked IL-15-induced T cell proliferation and mono-
cyte TNF-o release in vitro. In a human psoriasis xenograft model, antibody 146B7 reduced the sever-
ity of psoriasis, as measured by epidermal thickness, grade of parakeratosis, and numbers of
inflammatory cells and cycling keratinocytes. These results obtained with this IL-15-specific mAb
support an important role for IL-15 in the pathogenesis of psoriasis.

J. Clin. Invest. 112:1571-1580 (2003). d0i:10.1172/JC1200318986.

Introduction

IL-15 is a proinflammatory cytokine of which the
expression is upregulated under inflammatory condi-
tions. This has been reported for monocytes stimulated
with IFN-yand LPS or after infection with viruses, bac-
teria, or protozoa (1-3). IL-15 acts early in the inflam-
matory response and induces the production of other
cytokines such as TNF-o, IFN-y, and IL-17 (4, 5). IL-15
furthermore amplifies inflammation by the recruit-
ment and activation of T cells (4-6) and other inflam-
matory cells (7). IL-15 also induces angiogenesis (8),
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plays a pivotal role in the development, survival, and
function of NK cells (9-11), and has documented anti-
apoptotic effects (12, 13). These IL-15-induced effects
have been suggested to play a pivotal role in disease
pathogenesis of rheumatoid arthritis (1, 3-5, 14) and
may be important in other inflammatory diseases, like
psoriasis, which has many similar features.

Psoriasis represents a chronic inflammatory skin dis-
ease affecting around 2% of the world’s population.
The histology of psoriasis is characterized by epidermal
hyperplasia, dermal angiogenesis, and infiltration with
mononuclear cells, including activated T cells and
monocytes. The epidermal hyperplasia may be due to
an increased number of cycling cells in the basal layer
of the epidermis caused by a decrease in apoptosis or an
increase in the rate of cell division. In accordance with
this, psoriatic keratinocytes have been reported to be
abnormally resistant to apoptosis (15-17). Several
observations indicate a role for the immune system,
especially activated T cells, in the pathogenesis of pso-
riasis (18-21). The T cells linked to the pathology of
psoriasis primarily belong to the Th1 subtype (22, 23).
In addition, also NK receptor-bearing cells have been
found in psoriatic lesions (24, 25). Such cells have been
demonstrated to induce full-fledged psoriatic plaques
in the psoriasis xenotransplantation model in SCID
mice, in which the local tissue immune response was
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dominated by IFN-yand IL-15 expression (25, 26). Sev-
eral proinflammatory cytokines including IFN-y and
TNF-o are upregulated in involved psoriatic skin, and
the importance of TNF-o has been demonstrated by
the clinical efficacy of TNF-o inhibitors (27-29). A sig-
nificant upregulation of IL-15 and its receptor have
been shown in psoriatic lesions (12, 30, 31).

In this article we describe the generation of human
antibodies directed against human IL-15. These anti-
bodies were obtained using transgenic mice containing
an unrearranged human antibody repertoire and in
which endogenous murine antibody expression has
been knocked out (32). Human IL-15-specific mAb’s
were prepared and selected based on in vitro character-
istics. In a mouse xenograft model for psoriasis, using
human psoriatic skin specimens, we tested the hypoth-
esis that disregulation of IL-15 plays a key role in the
pathogenesis of psoriasis. The resolution of psoriasis
following the inhibition of IL-15 signaling strongly
supports this hypothesis.

Methods

Immunization of buman immunoglobulin-transgenic mice.
To obtain human mAb’s against IL-15, human
immunoglobulin transgenic mice strain HCo12 and
HCo7 mice (Genmab, Utrecht, The Netherlands) were
immunized with recombinant IL-15 (Immunex Corp.,
Seattle, Washington, USA) supplemented with either
complete Freunds adjuvant (Difco, Detroit, Michigan,
USA) or with incomplete Freunds adjuvant (Difco)
subcutaneously, intraperitoneally (i.p.), or i.v. In sever-
al instances, IL-15 coupled to keyhole limpet hemo-
cyanin (KLH) (Pierce Biotechnology, Rockford, Illinois,
USA) was used for immunization. After several boosts
with IL-15, sera of mice were tested for the presence of
human antibodies directed against IL-15. To obtain
hybridomas, mouse spleen and lymph node cells were
fused with SP2/0 cells (33).

ELISA to determine binding of IL-15—specific antibodies to
IL-15 and to mutant IL-15 proteins D8S and D8SQ108S.
IL-15 or IL-15 mutant proteins D8SQ108S, or Q108S
(kindly provided by Immunex Corp.; ref. 34) were coat-
ed onto ELISA plates. Residual binding sites were
blocked by incubation with PBS containing 2%
(vol/vol) chicken serum (PBSC, Life Technologies,
Paisley, Scotland, United Kingdom) for 60 minutes.
Serial dilutions of the IL-15-specific antibodies were
incubated in PBSC, supplemented with 0.05% Tween-
20 (PBSTC), and detected with anti-human IgG (anti-
hulgG) Fc conjugated with horseradish peroxidase
(Jackson, West Grove, Pennsylvania, USA; 1/5000
diluted in PBSTC). 2,2’-Azinobis-3-ethylbenzthiazo-
line-sulphonic-acid (ABTS) (Roche Diagnostics,
Mannheim, Germany) was used as substrate according
to the manufacturers’ protocol.

IL-15 receptor o competition ELISA. IL-15 receptor o
(IL-15R0) (R&D Systems, Minneapolis, Minnesota,
USA) was coated onto ELISA plates. Following block-
ing and washing, IL-15 (50 pl, room temperature [RT];

Immunex Corp.) was added for 10 minutes, followed
by biotinylated antibody (50 ul) in different concentra-
tions (90 minutes, RT). Plates were incubated (60 min-
utes, RT) with streptavidin-poly-horseradish peroxi-
dase (Sanquin, Amsterdam, The Netherlands) diluted
1:10,000 in PBSTC. ABTS was used as the substrate.

Culturing of PBMCs. Blood was obtained by venipunc-
ture from healthy volunteers after informed consent.
Purification of PBMCs was performed by density gra-
dient centrifugation using Ficoll-Isopaque (Pharmacia,
Uppsala, Sweden). PBMCs were cultured in RPMI 1640
medium (BioWhittaker, Verviers, Belgium) supple-
mented with penicillin (50 U/ml), streptomycin (50
Hg/ml), L-glutamine (2 mM) (BioWhittaker) and 10%
FCS (Optimum C241, Multicell, Wisent Inc., St. Bruno,
Quebec, Canada).

Binding of 146B7 to IL-15-IL-15R complexes on Raji
cells. Raji lymphoma cells (ATCC, Manassas, Virginia,
USA) were preincubated with 10% human pooled AB
serum (Sanquin) in FACS buffer (PBS, 0.05% BSA,
and 0.02% NaNOj) followed by incubation with IL-15
(diluted in FACS buffer with 10% human AB serum)
After washing, biotinylated Ab’s (mAb 146B7 or
hulgG1/x) (Sigma-Aldrich, Zwijndrecht, The Nether-
lands) were added. Bound Ab’s were detected on a flow-
cytometer using streptavidin-phycoerythrin (DAKO,
Glostrup, Denmark).

Inhibition of IL-15 and bulL-2—induced PBMC prolifera-
tion or TNF-a production by anti-IL-15 antibodies. PBMCs
were cultured in triplicate in 96-well, U-bottom plates
(Nalgene Nunc, Rochester, New York, USA), 1.5 x 10°
cells per well in the presence or absence of different
concentrations of hulL-2 (Chiron, Amsterdam, The
Netherlands) or IL-15 (Immunex) and anti-IL-15
antibodies (mAb 146B7 or 404E4) or isotype control
antibody in RPMI 1640 medium with 2 mM L-gluta-
mine, 50 IU/ml penicillin, 50 pg/ml streptomycin
(Life Technologies), and 10% heat-inactivated FCS
(HyClone, South Logan, Utah, USA). Cells were incu-
bated for 72 hours at 37°C and 5% CO,. Proliferation
was quantified using a colorimetric BrdU cell prolif-
eration ELISA (Roche Diagnostics).

Apoptosis induction of PBMC by mAb 146B7. PBMCs
were cultured in 96-well, U-bottom plates (Nalgene
Nunc), 1.5 x 105 cells per well in the presence or
absence of 5 ng/ml IL-15 (Immunex) and 10 ug/ml
anti-IL-15 antibody (mAb 146B7) or 10 ug/ml
human isotype control antibody (mAb anti-KLH).
Apoptotis was quantified after 5 days using an apop-
tosis detection kit (BD Biosciences, San Diego, Cali-
fornia, USA). Staining of cells with the combination
of annexin V-FITC and propidium iodide (PI) was per-
formed according to the manufacturer’s instructions
for detection of live (annexin V-FITCreg/PI"g) cells,
early apoptotic (annexin V-FITCPos/PI¢€) and late
apoptotic (annexin V-FITCPos/PIPos) cells. Specific cell
markers were used to examine the apoptotic effect of
mADb 146B7 on specific cell populations. NK cells were
selected by gating the CD8PsCDS56ps cells by flow
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cytometry (using CD8 specific antibody (clone RPA-T8)
and CD56* (clone B159); T cells were selected by gat-
ing the CD3pos cells (using CD3 specific antibody,
clone UCHT1); B cells were selected by gating the
CD20pes cells by flow cytometry (using CD20* specif-
ic antibody (clone 2H7); all antibodies used for flow
cytometry were derived from BD Biosciences). Mono-
cytes were selected based on forward scatter-side scat-
ter. Data were analyzed by one-way ANOVA followed
by post hoc Tukey’s multiple comparison test. Analy-
sis was performed using Graph Pad Prism (version
3.02 for Windows, Graph Pad Software, San Diego,
California, USA).

Patients used for SCID mouse xenograft model. All
patients had moderate to severe plaque psoriasis. The
duration of disease was 21 to 43 years. None of the
patients received any systemic treatment or pho-
totherapy, but they were all considered for such treat-
ment because of the severity of their disease. Two
patients had received methotrexate, but the treatment
was discontinued more than 7 years previously. All the
patients had used topical treatment as steroids within
the last month. Biopsies were taken from infiltrated
red plaques located on the anterior or lateral aspect of
the femoral region. Patients were encouraged to use
moisturizers (Locobase, Yamanouchi Pharma, Leider-
dorp, The Netherlands; Decubal, Sigma-Aldrich) for 1
to 2 days to remove scales from the biopsy site before
the surgical procedure. Topical treatments were con-
tinued except for the anatomical region considered for
biopsy. None of the patients received medication
known to worsen psoriasis.

Human psoriasis SCID mouse xenograft model. The exper-
imental protocol was approved by the local ethics com-
mittee and the Danish Experimental Animal Inspec-
torate. Keratome biopsies (12 x 5 X 0.05 cm containing
both dermis and epidermis) were obtained after
informed consent from four psoriasis patients. The ker-
atome biopsy from each patient was divided into 12
pieces of 1.5 X 1.5 cm and transplanted onto the back
of 12 C.B-17 SCID mice (2-3 months old, M & B, Ry,
Denmark). Three weeks after transplantation, mice
were randomized into three groups (four mice each) for
the following three treatments: i.p. injection of PBS
(vehicle), mAb 146B7 at a dose of 20 mg/kg on day 1
and 10 mg/kg on days 8 and 15, or CsA (positive con-
trol; Sandoz, Basel, Switzerland) at a dose of 10 mg/kg
every second day for 15 days. One week after the last
injection, mice were killed, and a 4-mm punch biopsy
was taken from each xenograft. Biopsies were fixed in
formalin for paraffin embedding, and stained in H&E
(Merck, Darmstadt, Germany), and for Ki-67 nuclear
antigen, CD57* NK cells, CD68* macrophages, and
CD4* or CD8" T cells. The mice were kept under
pathogen-free conditions throughout the study.

Clinical assessment. Prior to the first injection (baseline)
and 1 week after the last injection, the severity of the
psoriatic lesions was assessed for scaliness, induration,
and erythema in a blinded fashion. The parameters

were scored using the three-point scale: 0 = complete
lack of cutaneous involvement; 1 = slight involvement;
2 = moderate involvement; 3 = severe involvement. On
this scale from 0 to 3, a maximal score of 3 represents
severe scale, induration, and erythema of the psoriatic
xenografts. The changes in clinical score of psoriasis
were calculated by subtracting the end value from the
value at baseline. The mean values for the mice in each
treatment group were determined, and the data were
summarized as mean + SEM. It should be noted that it
is difficult to reach significant difference in these semi-
quantitative clinical assessments as discussed in detail
previously by Dam et al. (35).

Immunostaining of biopsies from SCID mouse xenograft
model. Deparaffinized sections were rinsed in distilled
water. Different antigen-unmasking techniques were
used. To unmask Ki-67, sections were placed in 0.01-M
citrate buffer (pH 6.0) and heated in a microwave set at
800 W for 7 minutes, followed by 560 W for 10 min-
utes. Sections were cooled at RT for 20 minutes and
rinsed in Tris-buffered saline (TBS 0.1 M, pH 8.2). To
unmask CD4 and CD8, sections were placed in 0.5-M
citrate buffer (pH 10), and heated in a microwave as
described above and rinsed in TBS 0.05 M (pH 7.6). To
unmask CD57 and CD68, sections were placed in 0.1%
trypsin (Sigma-Aldrich) in 0.1% CaCl, (pH 7.8, 37°C)
for 20 min and rinsed in water and TBS 0.05 M (pH
7.6). To stain for CD8, C8/144B (DAKO) was used
diluted 1:100, followed by Envision/alkaline phos-
phatase (DAKO). The other sections were incubated
with 10% (vol/vol) normal rabbit serum (DAKO) in
TBS for 10 minutes and stained according to the ABC
method using the following primary antibodies: MIB-1
(Ki-67; Immunotech, Marseille, France), NCL-NK1
(CDS7,Novocastra Laboratories Ltd., Newcastle, Unit-
ed Kingdom), PG-M1 (CD68; DAKO), or NCL-CD4-
368 (CD4; Novocastra Laboratories), all diluted 1:50,
then biotinylated rabbit anti-mouse antibody (DAKO)
diluted 1:300 and streptABComplex/alkaline phos-
phatase (DAKO). For all the stainings, the color reac-
tions were developed with Naphtol-AS-MX/Fast Red
TR solution (Sigma-Alrdich), and Mayer’s hematoxylin
was used as counterstain. The negative controls con-
sisted of omission of the primary antibody. As a posi-
tive control, a colon adenocarcinoma was used for the
Ki-67 staining and a tonsil for the other stainings.

Histological evaluation. All sections were blinded prior
to evaluation. The H&E-stained sections were evaluat-
ed randomly by measurements for (a) epidermal thick-
ness (in micrometers) measured from the stratum
corneum to the deepest part of the rete pegs (b) num-
ber of inflammatory mononuclear cells per high-power
field (0.105 x 0.135 mm) in the upper dermis, and (c)
grade of parakeratosis rated on an arbitrary scale from
0 to 3, where 0 was no parakeratosis, 1 was parakerato-
sis in less than one third of the section, 2 was paraker-
atosis in more than one third but less than two thirds
of the section, and 3 was parakeratosis in more than
two thirds of the section. The sections stained for Ki-67
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were evaluated for number of Ki-67* cycling ker-
atinocytes-per-millimeter length of the section. The
sections stained for CD57, CD68, CD4, and CD8 were
evaluated for the number of positively stained cells-per-
millimeter length of the section.

The grade of parakeratosis was summarized as the
percentage of mice in each treatment group that
obtained scores 0, 1, 2, or 3, respectively. For the other
measurements, mean values for the mice in each treat-
ment group were calculated, and the data were sum-
marized as mean + SEM.

Statistical analysis of data obtained in the SCID mouse
xenograft model. All tests are two sided. The signifi-
cance level was set to 0.05, and data from the two
treatment groups of interest, mAb 146B7 and PBS,
were included in the analysis. ANOVA was used to
test the null hypothesis of no difference between
treatment groups for epidermal thickness, inflam-
matory cells, Ki-67+, CD4*, and CD8" cells. The analy-
sis was adjusted for patient (as each patient donated
skin to several mice) and mouse (as several observa-
tions were made for each mouse). Observations made
for the same mouse were assumed to be correlated.

Observations made for different mice were assumed
to be independent of each other. As only one obser-
vation is made for each mouse in the Ki-67, CD4, and
CD8 data, no random factor is included in the analy-
sis of these data. Fisher’s Exact Test was used to test
the null hypothesis of no association between the
parakeratosis scores and treatment group. The non-
parametric Kruskal-Wallis test was used to test for
differences in clinical score, CDS7*, and CD68*+ cells
between treatment groups.

Results

Generation of buman antibodies specific for IL-15. To
examine the role of IL-15 in the disease pathogenesis
of psoriasis, human mAb’s against IL-15 were gener-
ated using human immunoglobulin transgenic mice
(32). These mice were immunized with IL-15, and
hybridomas were obtained using conventional
hybridoma technology (33). A panel of human mADb’s
against IL-15 was obtained that all recognized IL-15
as shown by ELISA and were of the IgG1/x subclass.
We selected two clones, mAb 146B7 and mADb 404E4,
for further evaluation.
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Figure 1

Recognition of receptor-bound IL-15 by mAb 146B7 and inhibition of IL-15-induced effects. (a) Biotinylated mAb 146B7 (filled squares)
showed dose-dependent binding to IL-15 bound to IL-15Ra., which was coated onto an ELISA plate, whereas biotinylated 404E4 (filled tri-
angles) did not show binding. Polyclonal hulgG1 (open squares) served as a control. This experiment was repeated two times, yielding sim-
ilar results. (b) Dose-dependent binding of biotinylated mAb 146B7 (filled squares) to IL-15 bound to Raji lymphoma cells expressing
IL-15Ro was shown by flow cytometry. Polyclonal hulgG1 (open squares) was used as a control. This experiment was repeated five times,
yielding similar results. MFI, mean fluorescence intensity. (c) Effect of mAb 146B7 on IL-15-induced proliferation. Human PBMCs were incu-
bated with IL-15 (12.5 ng/ml) in combination with mAb 146B7 (filled squares), mAb 404E4 (filled inverted triangles), or with hulgG1 (open
squares) for 72 hours. BrdU incorporation was measured to assay proliferation. Representative data of 9 individual experiments are shown.
(d) mAb 146B7 inhibits IL-15- but not IL-2-induced TNF-a. production. Human PBMCs were incubated with IL-15 (0, 25, 100 ng/ml) or
with IL-2 (100 ng/ml) in combination with mAb 146B7 at various concentrations for 72 hours. The amounts of TNF-o produced were meas-
ured by ELISA. A representative experiment from a series of 11 experiments is shown.
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Figure 2

mAb 146B7 inhibits protection of apoptosis by IL-15. Human PBMCs were incubated with IL-15 (5 ng/ml) in culture medium alone (filled
squares) or in combination with 10 plg/ml mAb 146B7 (open circles) or with 10 ug/ml isotype control antibody (filled triangles) for 5 days.
Apoptosis was measured using annexin V conjugated with FITC and PI. Live (a and d), early (b and e), and late (¢ and f) apoptotic cells were
defined by annexin V-FITCePI"¢8, annexin V-FITCPsPI"eg, and annexin V-FITCPosPIPos staining by flow cytometry, respectively. Representative
data of three individual experiments with six different PBMC donors are shown. (a-c) mAb 146B7 inhibits IL-15-induced survival of mono-
cytes. (d-f) No significant differences in comparison were found in the fraction of live and apoptotic T cells. *P < 0.05, mAb 146B7 versus

no antibody treatment. **P < 0.005, mAb 146B7 versus no antibody treatment, and mAb 146B7 versus anti-KLH.

Antibody 146B7 recognizes receptor-bound IL-15. The
characteristics of mAb 146B7 and mAb 404E4, two
representative antibodies of our panel, were examined
in detail. First, we tested the ability of these IL-15-spe-
cific antibodies to compete with the IL-15R for bind-
ing to IL-15. The IL-15R present on T cells consists of
a unique 0-chain, IL-15R0o., which has a very high
affinity for IL-15: Kp 107! M, and associates with the
B-chain, and the y-chain, through which signaling
occurs (2, 36). The latter two chains are also present
in the trimeric IL-2 receptor. In this test, the IL-15Ro
chain was coated onto ELISA plates, and after incu-
bation with IL-15 increasing concentrations of anti-

resulted in a dose-dependent binding of mAb 146B7 to
these cells (Figure 1b). Also, preincubation of human
monocytes with IL-15 facilitated a dose-dependent
binding of mAb 146B7 (data not shown; n = 3).

mAb 146B7 inhibits T cell proliferation and TNF-o produc-
tion induced by IL-15, but not IL-2. IL-15 triggers T cell
proliferation as well as the induction of TNF-o pro-
duction by monocytes. We assessed the efficacy of mAb
146B7 and 404E4 on these IL-15-induced effects. Both
mAb 404E4 and 146B7 inhibited IL-15-induced T cell
proliferation (Figure 1c) if the antibodies were prein-

bodies were added (Figure 1a). mAb 404E4 did not a'3-

. . e -m-|L-15
bind to IL-15Ro-associated IL-15, indicating that —a+-D8SQ108S
mADb 404E4 recognizes an epitope involved in the E,] -*-Q108S
interaction of IL-15 with the o-chain of its receptor. 3
The IL-15Ra chain, in contrast, did not interfere with ;
the binding of IL-15 to mAb 146B7, which indicates oM"
that mAb 146B7 is a noncompeting antibody.

We examined the binding of mAb 146B7 to the IL-15/ 0-

IL-15R complex in more detail using Raji cells express- 1 1'(_) 100 1000

ing IL-15Ra (37). Preincubating Raji cells with IL-15 b Concentration mAb 14687 (nM)

°] -=-IL-15
Figure 3 4+ —4—D8SQ108S
Epitope specificity of human anti-IL-15 antibodies. mAb 146B7 (a) E 3_- —*-Q108S
and mAb 404E4 (b) were tested for binding to human IL-15 (filled 3 |
squares), IL-15 mutant Q108S (filled inverted triangles; Gln at ;2—
residue 108 was replaced by Ser; a mutation in the y-chain interac- (@) 1_"
tion site), and mutant D8SQ108S (filled triangles; Gln at residue |
108 was replaced by Ser, and Asp at position 8 was substituted for 0-
Ser; mutations in both the  and y-chain interaction sites of IL-15 ' 10 100 1000
with its receptor) (34). Concentration mAb 404E4 (nM)
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IL-2-mediated TNF-a production was
observed (Figure 1d). In addition, IL-15-
induced IFN-y production was inhibit-
ed (data not shown; n = 3).

mAb 146B7 induces apoptosis of monocytes
in PBMC culture. To investigate which cell
population was blocked by inhibiting
IL-15-induced proliferation and TNF-o
production by PBMC with mAb 146B7,
we investigated the induction of apopto-
sis. As shown in Figure 2a-c, monocytes
were directly affected, and mAb 146B7,
in contrast to a control antibody against
KLH, strongly increased the fraction of
apoptotic monocytes and reduced the
fraction of live monocytes following 5
days of culture in the presence of IL-15.
No significant differences in comparison
were found in the fraction of live and
apoptotic T cells (Figure 2d-f) and B cells
(not shown); a small increase on cell
death was seen on NK cells (not shown).
It should be noted that the number of T
cells in PBMC culture in the presence of
IL-15 strongly increased. However, as
almost all T cells remained viable in the
absence or presence of IL-15, no differ-
ences in the fraction of live or apoptotic
cells are apparent.

Antibody 146B7 epitope maps to IL-15
residues critical for IL-1SR -chain binding.
The most potent inhibition of IL-15-
mediated effects was observed for mAb

Figure 4

mAb 146B7 effectively alleviates psoriasis in a psoriasis SCID mouse xenograft model.
SCID mice engrafted with human psoriatic skin were treated i.p. with PBS, mAb
146B7, or CsA. Skin grafts were harvested after treatment, embedded in paraffin,
and stained with H&E (upper panels) or for Ki-67 nuclear antigen (lower panels). The
tissue samples shown are from the same patient and are representative experiments
with psoriatic skin obtained from four different patients.

cubated with IL-15 prior to addition to the cells. The
noncompeting mAb 146B7 proved noticeably more
potent in inhibition of IL-15-induced proliferation
(IC50 ~1 pg/ml) than mAb 404E4 (IC50 ~7 pg/ml).
None of the IL-15-specific antibodies affected IL-2-
induced T cell proliferation (data not shown).

Next, we tested the effect of mAb 146B7 on IL-15-
induced TNF-o. production by PBMC. Antibody
146B7 inhibited IL-15-induced TNF-a. production in
a dose-dependent manner, whereas no inhibition of

146B7, the antibody that is not interfering with IL-15
binding to IL-15Ra. We hypothesized mAb 146B7 to
interfere with assembly of the oy signaling complex
of the receptor. To address this, we examined the bind-
ing epitope of mAb 146B7 and 404E4 using IL-15
mutant proteins described by Pettit et al. (34). These
mutants have substitutions in IL-15 sites that are
important for either the y-chain interaction or for
both the B- and y-chain interaction of IL-15 (mutant
Q108S: glutamine [Gln] at residue 108 was replaced by

Table 1
Reduction of psoriasis severity by anti-IL-15 treatment

Epidermal thickness Inflammatory cells Ki-67* cells Parakeratosis
Treatment (um, (no./ high-power field, (no./ mm section, (% of mice with score
mean = SEM) mean + SEM) mean + SEM) 0,1, 2,and 3, resp.)
PBS 380.6 £43.9 34741 189.8 +33.7 26.7,20.0,26.7,26.7
mAb 146B7 235.7 +19.6* 21.0 £3.08 76.7 £9.74 60.0, 33.3,6.7,0.08
CsA 309.0 +£27.3 28.2+4.1 118.1£19.8 25.0,37.5,18.8,18.8

mAb 146B7 reduces psoriatic characteristics in a SCID mouse xenograft model. SCID mice engrafted with human psoriatic skin were treated i.p. with
PBS (n=15), mAb 146B7 (n = 15) or with CsA (n = 16). Biopsies were taken 1 week after stopping treatment and stained with H&E or for Ki-67 and eval-
uated for psoriatic characteristics as epidermal thickness, number of inflammatory cells in upper dermis, and number of Ki-67* cycling keratinocytes.
Mean values for the mice in each treatment group were calculated, and the data were summarized as mean + SEM. The sections were also evaluated for
the grade of parakeratosis, and the data were summarized as the percentage of mice in each treatment group that obtained the score 0, 1, 2, or 3, respec-
tively (resp.). Statistical differences between mAb 146B7- and the PBS-treated mice were calculated, and the effect of mAb 146B7 was significant for all
psoriatic characteristics (AP < 0.005; B2 < 0.05).
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Figure 5

Effect of mAb 146B7 on psoriasis in a psoriasis SCID mouse xenograft
model. Quantitative representation of data on the effect of mAb
146B7 shown in Figure 4. SCID mice engrafted with human psoriat-
ic skin were treated i.p. with PBS (n=15), mAb 146B7 (n=15), or CsA
(n =16). Skin grafts were harvested after treatment, embedded in
paraffin, stained with H&E or for Ki-67 nuclear antigen, and evaluat-
ed as indicated for epidermal thickness (a), numbers of inflammato-
ry mononuclear cells in upper dermis (b), numbers of Ki-67* cycling
keratinocytes (c), and grades of parakeratosis (d). Values shown in
a-c represent mean * SEM. Values shown in d represent percentages
of mice in each treatment group obtaining the score 0 (white), 1 (light
gray), 2 (dark gray), or 3 (black), respectively. The reductions induced
by mAb 146B7 compared with PBS were statistically significant for all
measured parameters (*P < 0.05, **P < 0.005).

serine [Ser], a mutation in the y-chain interaction site;
mutant D8SQ108S: Gln at residue 108 was replaced
by Ser, and aspartic acid [Asp] at position 8 was sub-
stituted for Ser, mutations in both the B- and y-chain
interaction sites of IL-15). mAb 146B7 did not bind to
either one of these mutant IL-15 proteins, which indi-
cates that mAb 146B7 recognizes an epitope involved
in interaction with the IL-15R y-chain (Figure 3a).
mADb 404E4, in contrast, effectively bound to both
mutant proteins (Figure 3b). These observations sup-
port mAb 146B7 binding to interfere with the assem-
bly of IL-15Ra and its y-chain.

Antibody 146B7 reduces severity of psoriasis in a human
psoriasis SCID mouse xenograft model. The expression of
IL-15 in human psoriasis skin was examined by
immunostaining using mAb 146B7 and a mouse anti-

Figure 6

mAb 146B7 results in a reduction in the number of CD57*, CD68",
CD4*, and CD8" cells in the psoriasis SCID xenograft model. SCID mice
engrafted with human psoriatic skin were treated i.p. with PBS (n=15),
mAb 146B7 (n = 15), or with CsA (n = 16). Skin grafts were harvested

human IL-15 antibody (m112). A clear cytoplasmic
staining of epidermal cells (keratinocytes) was
observed with the IL-15-specific antibodies, whereas
normal tissue showed a much lower intensity of IL-15
positivity (data not shown).

To examine the role of IL-15 in the pathophysiology
of psoriasis, we tested the efficacy of the IL-15-specif-
ic antibody mAb 146B7 in treatment of human psori-
asis skin grafts transplanted onto SCID mice (30, 35,
38, 39). This model has previously been validated, and
it has been shown that human psoriatic grafts can be
successfully transplanted to SCID mice, retaining clin-
ical, light microscopic, and immunohistochemical
psoriatic skin characteristics when compared with pre-
transplanted skin (38).

A blinded clinical assessment of the skin grafts was
performed prior to the first injection, and 1 week fol-
lowing the last injection and scored for severity of scal-
iness, induration, and erythema on a scale from 0 to 3.
A comparison of all four experiments conducted indi-
cated that mAb 146B7 treatment resulted in a reduc-
tion of the overall clinical score (-1.1 + 0.2) of the
xenografts compared with control mice treated with
PBS (~0.6 + 0.2; P=0.15).

Light microscopic characteristics of xenograft biop-
sies obtained from control mice, injected with PBS,
indeed retained a characteristic psoriatic skin pheno-
type including hyperkeratosis, parakeratosis, acan-
thosis with elongated rete pegs, a conspicuous
mononuclear cell infiltrate (Figure 4, upper panel),
and an increased number of cycling keratinocytes
measured as Ki-67* keratinocytes (an indicator of ker-
atinocyte proliferation) (Figure 4, lower panel). In
contrast, xenografts from mice that were treated with
mAD 146B7 once weekly during 2 weeks resulted in
near-complete resolution of psoriasis characteristics
(Figure 4, upper panel), including normalization of
the number of cycling keratinocytes (Figure 4, lower
panel). Cyclosporin A (CsA), a potent antipsoriatic
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A recent paper by Dubois et al. (40) provided new insight in the mechanism of action of IL-15. The formation of IL-15/1L-15R0. complexes
on cell surfaces enables transendosomal recycling of IL-15, leading to persistence of surface-bound IL-15 (a). IL-15/IL-15Ra complexes may
induce signaling via IL-15RB— and y-chains expressed on the same cell in cis (b) or expressed on a distinct cell in trans (c). Antibody 146B7
binds at the interaction site of IL-15 with the y-chain (d) and may effectively block signaling through the y-chain both in cis and in trans (e).

1578

drug with demonstrated efficacy in this model (30, 35,
38, 39), was included as a positive control. CsA treat-
ment every second day during 2 weeks also resulted in
attenuation of the psoriasis, although not to the same
degree as mAb 146B7 (Figure 4) under these experi-
mental conditions.

To quantify the immunohistochemical data shown
in Figure 4, we measured epidermal thickness, the
numbers of inflammatory cells in the upper dermis, the
numbers of Ki-67" cycling keratinocytes, and the grades
of parakeratosis. mAb 146B7 significantly reduced all
four parameters compared to control mice (Table 1).
First, mAb146B7 reduced the epidermal thickness
measured from the stratum corneum to the deepest
part of the rete pegs (Figure 5a): (235.7 + 19.6 um) com-
pared with PBS (380.6 + 43.9 tm) and CsA (309.0 + 27.3
um). Second, mAb 146B7 reduced the number of
inflammatory mononuclear cells in the upper dermis
(21.0 + 3.0), compared with PBS (34.7 + 4.1), and CsA
(28.2 + 4.1) (Figure Sb) and the number of Ki-67*
cycling keratinocytes (76.7 + 9.7) compared with PBS
(189.8 £ 33.7), and CsA (118.1 + 19.8) (Figure 5¢).
Finally, the grade of parakeratosis, an indicator of
incomplete terminal differentiation of keratinocytes,
was significantly reduced by mAb 146B7 treatment
(score 0: 60.0%, 1: 33.3%, 2: 6.7%, and 3: 0.0%) com-
pared to PBS (score 0: 26.7%, 1: 20.0%, 2: 26.7%, and 3:
26.7%), and CsA (score 0: 25.0%, 1: 37.5%, 2: 18.8%, and
3:18.8%) (Figure 5d).

In contrast, injection of mice with an isotype con-
trol antibody used at the same concentration as mAb
146B7 did not result in any decrease of any of the
measured parameters (data not shown). To further

analyze the reduction of the number of inflammato-
ry cells, we analyzed cell types relevant to psoriasis and
found that the number of CD57* NK cells (Figure 6a),
CD68* macrophages (Figure 6b), and CD4* (Figure
6¢) and CD8* T cells (Figure 6d) were all reduced in
the xenografts from the mAb 146B7-treated mice
(CD57:0.3+£0.2,CD68:2.6 £0.9,CD4: 5.9 + 1.4, and
CD8: 4.7 + 1.1) compared with the PBS-treated mice
(CD57:2.1 0.9, CD68: 7.7 + 3.3, CD4: 19.0 + 4.3, and
CDS8: 14.0 + 3.7) and the CsA-treated mice (CD57:
1.4 +0.6,CD68: 7.1 + 2.6, CD4: 10.1 + 2.1, and CDS:
10.2 + 3.9) (Figure 6). Except for CD68* cells, the reduc-
tions induced by mAb 146B7 compared with PBS were
statistically significant for all measured parameters.
These experiments clearly showed that in SCID mice
engrafted with human psoriatic skin, treatment with
mAb 146B7 mostly resolved psoriasis, as compared
with treatment with PBS alone. Indeed, treatment with
mADb 146B7 resulted in a major reduction in epidermal
thickness, in numbers of inflammatory cells and
cycling keratinocytes, and in severity of parakeratosis
in human skin grafts transplanted on to SCID mice.

Discussion

We generated a novel human antibody, mAb 146B7,
which exhibits anti-inflammatory effects in vitro and
in an in vivo psoriasis xenograft model. By using mAb
146B7, we showed IL-15 to play a prominent role in the
pathogenesis of psoriasis. Our data show mAb 146B7
to reduce the severity of psoriasis as measured by rele-
vant disease parameters like epidermal thickness, num-
ber of inflammatory cells, parakeratosis, and cycling
keratinocytes (Figures 4-6).
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It can be speculated that the mechanism of action
of mADb 146B7 in the psoriasis xenograft model (Fig-
ures 4-6) involves inhibition of a number of report-
ed effects of IL-15: blockade of T cell proliferation,
inflammatory cell recruitment, cytokine generation
(i.e., TNF-0), and blockade of the anti-apoptotic
activity of IL-15. This is also supported by in vitro
data where mAb 146B7 inhibited IL-15-induced T
cell proliferation (Figure 1c) and TNF-a production
by mononuclear cells (Figure 1d) and reversed
IL-15-mediated protection against apoptosis of
monocytes (Figure 2).

We propose that the biological characteristics of anti-
body 146B7 are of major importance in obtaining
these therapeutic results on the psoriatic xenograft tis-
sue. The IL-15R present on T cells consists of a unique
o-chain, IL-15Ra, which has a very high affinity for IL-15
(Kp 10" M) and shares a B-chain and y-chain with the
IL-2R (2, 36). The o-chain is crucial for binding of IL-15,
whereas the - and y-chains are essential for signaling
processes. We generated two types of anti-IL-15 anti-
bodies, both of which inhibited IL-15-induced biolog-
ical effects via different modes of action. Antibody
404E4 represents a classical inhibitory antibody that
competes with IL-15Ra. for binding to IL-15 (Figure
1a). This antibody showed to be the least effective in
inhibiting IL-15-induced effects (Figure 2a). Antibody
146B7, however, works via a different mode of action
and potently inhibits IL-15-mediated activities with-
out interfering with IL-15-IL-15Ro binding (Figure 1a
and b). This antibody binds to IL-15 when it is bound
to the receptor and appears to efficiently block biolog-
ical activity (i.e., inhibition of IL-15-induced T cell pro-
liferation [Figure 1c] and TNF-o production [Figure
1d]) by interfering with the assembly of the IL-15Ra, [3,
and ysignaling components (Figure 3a).

The difference between mAb 146B7 and 404E4 IC50
values observed in proliferation inhibition experi-
ments, taking into account that their affinity for IL-15
is comparable (Figure 1c), are consistent with their
suggested modes of action. IL-15 binds to the IL-15Ra
chain with high affinity (Kp 10-'! M), and a receptor-
blocking antibody, like 404E4, thus needs to exhibita
high affinity, or be used at very high concentrations
to be effective. Antibody 146B7 may act more potent-
ly, as it does not need to compete with IL-15 for IL-15Ro
binding and solely needs to interfere with the IL-15Ro-y
assembly. This hypothesis was supported by experi-
ments where mAb 146B7 was shown to be much
more efficacious in inhibiting IL-15-induced effects
(Figure 1c). In this experiment, the antibodies were
preincubated with IL-15 before they were added to
cells. In another type of experiment in which IL-15
was added to cells prior to addition of antibodies,
mADb 404E4 did not block IL-15-induced prolifera-
tion in concentrations up to 10 pg/ml, whereas mAb
146B7 inhibited efficiently with a similar IC50 (3.1 + 0.9
nM) as in experiments where mAb 146B7 was prein-
cubated with IL-15.

A recent paper from Dubois et al. (40) provided new
insight in the mechanism of action of IL-15. This
paper elegantly shows that formation of IL-15/IL-15Ro.
complexes on cell surfaces enables transendosomal
recycling of IL-15, leading to persistence of surface-
bound IL-15 (Figure 7a). The high affinity of IL-15Ra.
for IL-15, combined with the observation that this
cytokine is hard to detect in bodily fluids (40), sug-
gests that most IL-15 in the body is IL-15Ra bound.
The Dubois et al. (40) paper showed that IL-15/
IL-15Ro complexes are capable of induction of trans-
signaling on cells expressing the IL-15Rf and y-chains
(Figure 7c). An antibody like mAb 146B7, blocking
signaling via the y-chain, would be expected to effec-
tively inhibit signaling in cis as well as in trans (to
neighboring B- and y-chain-expressing cells [Figure
7d and e]). In addition, it has been suggested that
membrane-bound IL-15 not complexed with IL-15R0,
and therefore insensitive to acid elution at pH 4.4,
exists (31, 41, 42). There has been uncertainty as to
how this form of surface-expressed IL-15 is attached
to the membrane. To study whether mAb 146B7
binds to acid-elution—insensitive, membrane-bound
IL-15, we performed flow cytometry with mAb 146B7
and 404E4 on LPS- and IFN-y-stimulated mono-
cytes, either treated or untreated with acetate buffer
pH 4.4 (not shown). Both acid-treated and -untreat-
ed monocytes stained similarly with mAb 146B7,
indicating that this antibody recognizes membrane
IL-15. Interestingly, however, no surface staining was
observed with mAb 404E4, whereas this antibody
strongly stained LPS- and IFN-y-stimulated mono-
cytes following permeabilization. Because mAb
404E4 binds to the IL-15Ra binding site on IL-15,
this result strongly suggests that membrane IL-15 as
defined by Bulfone-Paus et al. (41) is complexed with
IL-15R, and treatment at pH 4.4 cannot break this
interaction. This is furthermore consistent with
observations by Dubois et al. (40) discussed above
(Figure 7a) that IL-15/IL-15R0. complexes are resist-
ant to transendosomal cycling.

In this article, by using a human antibody against
IL-15, we collected evidence for a prominent role of
IL-15 in the pathogenesis of psoriasis. An early role of
IL-15 in the pathogenesis of inflammatory diseases
like rheumatoid arthritis was first postulated by
Mclnnes et al. (4, 5). The production of IL-15 by
macrophages in the synovium was suggested to
recruit T cells, leading to the production of other
inflammatory cytokines like TNF-o. Our in vitro and
in vivo studies indicate that mAb 146B7 is able to
inhibit IL-15-induced T cell proliferation, inhibit
production of IL-15-induced TNF-a0 production,
reverse IL-15-mediated protection against apoptosis
of monocytes, and decrease the number of inflamma-
tory cells in the psoriatic lesion. As it was suggested
for rheumatoid arthritis, IL-15 may, therefore, also
play an early role in the in vivo mechanism of the
pathogenesis of psoriasis.
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