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Comparison of Vascular Leak Syndrome in Mice
Treated with IL21 or IL2

Pallavur V Sivakumar, Richard Garcia, Kimberly S Waggie," Monica Anderson-Haley, Andrew Nelson, and Steven D Hughes

Interleukin 21 (IL21) is a T-cell-derived 4-helix-bundle cytokine that has sequence homology to the IL2 family. Recombinant
human interleukin 2 (rIL2) is approved for the treatment of metastatic melanoma and renal cell carcinoma. However, toxicity of
rIL2, including induction of vascular leak syndrome (VLS), has limited use of this cytokine to a small proportion of eligible pa-
tients. Both rIL2 and murine IL21 (mIL21) have potent antitumor efficacy in murine models. The purpose of the current study was
to compare the ability of mIL21 and rIL2 to induce vascular leakage in a mouse model. Pulmonary and hepatic uptake of Evans
blue dye, serum cytokine levels, spleen cell immunophenotype, and histologic changes in lung and liver were evaluated to detect
VLS. High-dose (200 pg) rIL2 treatment induced vascular leakage in mice, evidenced by inflammatory cell infiltration and fluid
extravasation into the lung and liver and increased levels of TNFo, IFNY, IL5, MCP1, and IL6 in serum. In contrast, an equivalent
dose of mIL21 resulted in minimal vascular leakage with no evidence of cytopenia or cytokine production. These results support
the use of IL21 as a cancer immunotherapeutic agent, potentially providing an antitumor response without induction of VLS.

Abbreviations: mIL21, murine IL21; NK, natural killer; rIL2, recombinant human interleukin 2; VLS, vascular leak syndrome.

Immunotherapy with recombinant human interleukin 2 (rIL2)
is an approved treatment for metastatic melanoma and renal cell
carcinoma.?##7! However, use of rIL2 as a therapeutic agent in
the clinic has been limited by its dose-dependent toxicity, charac-
terized by acute respiratory failure and hemodynamic instabil-
ity. This combination of symptoms is associated with increased
microvascular permeability andhas been termed vascular leak
syndrome (VLS).>* rIL2-induced VLS is characterized by transen-
dothelial migration of inflammatory cells, including neutrophils
and lymphocytes, into the lung and other tissues resulting in tis-
sue damage. Acute organ injury is mediated by activated neu-
trophils which cause endothelial damage through production of
reactive oxygen metabolites and other proinflammatory factors.
In addition, neutrophils can cause microcirculatory occlusion,
leading to decreased tissue perfusion. Chronic organ injury is me-
diated by infiltrating mononuclear cells, including lymphocytes
and natural killer (NK) cells.* Increased production of cytokines,
such as TNFo, has been implicated in lymphocyte infiltration into
the lung and subsequent lung injury.”®* VLS has limited the use of
rIL2 to a restricted population of patients based on age and other
narrow eligibility criteria.** Therefore, there is a need for cancer
immunotherapeutic agents with improved safety profiles com-
pared with that of rIL2.

Interleukin 21 (IL21) is a 4-helix-bundle cytokine that has se-
quence homology to IL2.4#%% J[.21 mediates its effects by binding
to a unique IL21 receptor subunit, which forms a heterodimer
with the common y-chain (yc) shared with other members of the
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IL2 cytokine family.* The IL21 receptor is expressed primarily on
NK cells, CD4* and CD8* T cells, B cells, and dendritic cells.?® IL21
enhances the cytolytic activity of NK cells and CD8* T cells and
has efficacy in multiple mouse tumor models.’** In addition, IL21
costimulates differentiation of B cells into antibody-producing
plasma cells.’>® IL21 is therefore a prime candidate for a cancer
immunotherapeutic and has been evaluated in clinical trials for
treatment of metastatic melanoma and renal cell carcinoma.’'*12

In mice, VLS can be induced with administration of repeated
high doses of rIL2, and the extent of change in capillary perme-
ability can be measured by the accumulation of Evans blue dye
in the lung and other tissues.*® Other parameters that have been
shown to be characteristic of VLS in mice include increased num-
bers of activated T cells, NK cells, and monocytes in the liver,
lung, and kidney; upregulated expression of adhesion molecules
(that is, LFA1, VLA4, and ICAM1) on lymphocytes and mono-
cytes; and increased serum levels of TNFo. and IFNY.2 In mice, de-
pletion of cells with surface phenotypes characteristic of NK-T or
NK cells ameliorates organ damage.>"” Increased numbers of NK
cells and monocytes in the lung and liver therefore are considered
to be biomarkers for rIL2-mediated cellular effects of VLS.

The aim of the current study was to compare the ability of rIL.2
and murine IL21 (mIL21) to induce VLS in mice. Mice were in-
jected with equivalent doses of either rIL.2 or mIL21 under condi-
tions in which rIL2 has been shown to induce vascular leakage.
Parameters indicative of VLS (Evans blue uptake, serum cytokine
analysis, spleen cell immunophenotype) were measured, and
tissues were evaluated microscopically for evidence of inflamma-
tory cell infiltrates. In contrast to rIL2, mIL21 did not induce VLS
in mice and did not cause the cytokine induction or multiorgan
inflammation characteristic of rIL2-induced toxicity.
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Materials and Methods

Mice. Female C57BL/6N mice (Mus musculus; Charles River
Laboratories, Wilmington, MA) between 8 and 12 wk of age
(weight, 18 to 20 g) were used for all studies. The mice were free
of common bacterial pathogens, including Helicobacter spp., and
ecto- and endoparasites and were negative for: Sendai virus,
pneumonia virus of mice, mouse hepatitis virus, minute virus
of mice, Theiler disease virus, reovirus 3, lymphocytic chorio-
meningitis virus, ectromelia virus, epizootic diarrhea of infant
mice virus, murine parvovirus, K virus, polyoma virus, mouse
adenovirus, mouse cytomegalovirus, and hantavirus. Mice were
kept on a 12:12-h light:dark cycle, housed on corn cob bedding
(Bed-o'Cobs, The Andersons, Maumee, OH) in ventilated micro-
isolation caging (Lab Products, Seaford, DE), and given deionized
water and autoclaved rodent chow (Purina Rodent Chow 5053,
Purina Mills, St Louis, MO) ad libitum. All procedures were ap-
proved by the ZymoGenetics IACUC and followed the guidelines
set forth in the Guide for the Care and Use of Laboratory Animals."®

Reagents. Recombinant mIL21 (ZymoGenetics, Seattle, WA)
was stored at —80 °C as a frozen solution in PBS (pH 6.0). Full-
length mIL21 was expressed by using a baculovirus system.®
Recombinant IL2 (Aldesleukin Proleukin, Chiron, Emeryville, CA)
was reconstituted and diluted according to the manufacturer’s
recommendations. Vehicle used in these studies was PBS 1x, pH
7.2 (Invitrogen, Carlsbad, CA).

Vascular leak model. Three studies were performed, 2 of which
involved 5 groups of 10 mice each. The mice received intraperi-
toneal injections of PBS, rIL2 (33 or 100 pg), or mIL21 (33 or 100 ug)
twice daily for a total of 7 doses. Doses and regimens were cho-
sen in light of data regarding IL2-induced VLS.'**2 Murine IL21
was selected for comparison to rIL2 because recombinant hu-
man IL21 lacks activity on several key lineages of mouse cells
(data not shown). Doses were calculated on a weight-to-weight
basis so that rIL.2 and mIL.21 were dosed in mass-equivalent (and
approximately equimolar) amounts. The doses of mIL21 were
comparable to or greater than those reported to be efficacious
in murine xenogenic tumor models.’**3 Body weights were
monitored daily. Evans blue dye was administered intravenously
via the tail vein (0.2 mL, 1% solution) 2 h after the final cytokine
injection on day 4. Exactly 2 h after Evans blue injection, mice
were anesthetized with isoflurane, and blood was withdrawn
for cytokine and hematology analysis. CBCs were performed by
using an automated blood analyzer (Cell-Dyn 3500, Abbot Labo-
ratories, Santa Clara, CA). Mice then were perfused transcardially
with 10 mL heparinized saline (25 U heparin per milliliter saline;
flow rate, 5 mL/min). After perfusion, the spleen and liver were
removed and weighed. Vascular leakage was measured in lung
and liver as previously described.® Briefly, after transcardial per-
fusion, both lung and liver were excised, rinsed with PBS, blotted
on gauze, placed into 10 mL formamide, and incubated at 37 °C
for 24 h. After incubation, the absorbance of the supernatant at
650 nm was measured and compared against a standard curve
of Evans blue dissolved in formamide. The mice in the second
of these studies had also been implanted with a transponder to
monitor body temperature (see below).

In the third study involving 7 groups of 4 mice each, body
temperature was monitored daily by using a programmable
temperature transponder (Biomedic Data System, Seaford, DE).
Three days prior to study initiation, mice were anesthetized
with isoflurane, and the transponder was implanted aseptically
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into the abdominal cavity and anchored to the abdominal wall.
Antibiotics (2.5 mg/kg IM; Baytril, Bayer Animal Health, Shawnee
Mission, KS) were administered immediately before and for 2 d
after surgery, and buprenorphine (2.5 mg/kg SC) was provided
immediately after surgery and as needed thereafter. The mice
received intraperitoneal injections of PBS, rIL2 (33, 100, or 200 pg),
or mIL21 (33, 100, or 200 pg) twice daily for a total of 7 doses.
Two hours after the final cytokine injection, mice were anesthe-
tized with isoflurane, and blood was withdrawn for cytokine and
hematology analysis. Body, splenic, and hepatic weights were
obtained at necropsy, spleens were harvested for immunopheno-
typing, and tissues collected into 10% neutral buffered formalin
for routine histopathology.

Serum cytokine measurements. Mice were anesthetized by
using isoflurane, and blood was collected via retroorbital punc-
ture. Serum was separated by using standard serum separator
tubes. Multiple cytokines in the serum from each mouse were
measured by using cytokine bead-array kits. The mouse Th1/Th2
Cytokine and mouse Inflammation Cytokine Bead Array Kits
(Becton Dickenson, San Diego, CA) were used according to the
manufacturer’s instructions.

Immunophenotyping of splenic cells. Spleens were isolated from
4 euthanized mice per group and placed in complete RPMI media
containing 5% FBS. Cell suspensions were derived by pressing
spleens gently between 2 frosted slides, suspending the material
in RPMI containing 5% FBS, and centrifuging for 5 min at 300 x g.
RBC were lysed by incubating cell suspensions in ACK lysis
buffer (0.15 M NH,Cl, 1 mM KHCO,, 0.1 mM EDTA) for 4 min,
followed by neutralization in RPMI containing 10% FBS. The ex-
pression of cell surface markers was analyzed by standard 3-color
flow cytometry; all antibodies were obtained from Pharmingen
(San Diego, CA). FITC-conjugated CD11a (LFAT), CD49d (VLA4,
o chain), and Grl; phycoerythrin-conjugated CD4, NK1.1, and
CD11b; and CyC-conjugated CD8, CD3, and B220 were used to
stain cells. Nonspecific binding was blocked by incubating cells in
blocking buffer (PBS, 10% FBS, 20 pg/mL antiCD16/CD32 [clone
2.4G2, Becton Dickenson]). After blocking, cells were incubated
with primary antibodies for 20 min at room temperature; unless
specified otherwise, antibody staining occurred in a 100-uL
volume, with a final antibody concentration of 10 pg/mL. Cells
were washed once in PBS and resuspended in PBS before mea-
surement of fluorescence (FACScan or FACSCalibur, Becton Dick-
inson). Data were analyzed by using Cellquest software (Becton
Dickinson). Cell population percentages were converted to cell
numbers by using the spleen cell count obtained for the sample.

Histopathology. For histopathology, parallel cohorts of mice
were injected with the indicated cytokines at the specified doses
and times, but the mice did not receive Evans blue dye before ter-
mination of the experiment. Liver, lung, brain, kidney, pancreas,
and intestine from 4 mice per group were collected into 10% neu-
tral buffered formalin, routinely processed into paraffin blocks,
sectioned at 5 um by using a rotary microtome (model 2155, Leica
Microsystems, Nusslock, Germany), and stained with hematox-
ylin and eosin in an automated slide stainer (Jung AutoStainer
XL, Leica Microsystems). The tissues were evaluated in blinded
fashion by a board-certified veterinary pathologist. Changes were
noted, and disease severity was scored as follows: 1, minimal; 2,
mild; 3, moderate; and 4, severe.

Statistical analysis. Data from each study underwent ANOVA
with posthoc analysis of pairwise differences by using Fisher
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Protected Least Significant Difference tests (StatView version
5.0.1, SAS Institute, Cary, NC). Statistical significance was defined
as a P value of less than 0.05.

Results

rIL2 induces enhanced vascular permeability in lung and liver.
All mice survived treatment with 33, 100, or 200 ug rIL2 or mIL21.
No obvious physical differences were observed between mice
given PBS or mIL21 at any of the doses tested. However, mice
treated with rIL2 demonstrated clinical signs, which increased in
severity in a dose- and time-dependent manner. On the final day
of the study (day 4), rIL2-treated mice displayed decreased activ-
ity, decreased food consumption, and piloerection. Body weight
decreased significantly (P < 0.05) between days 1 and 4 in mice
treated with either 100 pug or 200 ug rIL2 but not in those treated
with PBS or mIL21 (Figure 1 A). Body temperature similarly de-
creased (P < 0.05) over the course of the study in mice treated
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IL21 does not induce vascular leak syndrome

with 100 or 200 pg rIL2 compared with their own baseline weight
and relative to that of mice treated with PBS or any dose of mIL21
(Figure 1 B).

Vascular permeability as measured by Evans blue extravasa-
tion into the lung was increased markedly at both dose levels
of rIL2 (100 and 200 pg) compared with PBS (Figure 1 C). The
lungs of mice treated with 100 or 200 pg rIL2 showed a 3- to
4-fold increase in Evans blue dye content, compared with those of
PBS-treated controls. Mice treated with 200 pug but not 100 pg
mlL21 demonstrated increased Evans blue dye content relative
to that of PBS-treated controls. However, mIL.21-associated Evans
blue extravasation was approximately half that after treatment
with mIL21, considering the mass-equivalent doses used.

We also evaluated the liver vascular leakage. Despite the lower
sensitivity of this tissue to changes in capillary permeability, we
noted increased levels of Evans blue in the livers of mice treat-
ed with either 100 or 200 pg rIL2 (Figure 1 D). In contrast, the
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Figure 1. Body weight, body temperature, and vascular leakage in mice (1 = 4 to 6 mice per group) injected with 33, 100, or 200 ug rIL2 (IL2) or mIL21
(IL21) twice daily for a total of 7 doses. Body weights were recorded at baseline (day -2), and (A) weights and (B) body temperatures were monitored
during the experiment. At 2 h after the final dose, mice were injected intravenously with Evans blue dye, and (C) lungs and (D) livers were isolated and
analyzed for vascular leak as measured by Evans blue extravasation (mean values = SEM). White box, PBS treatment group; gray boxes, rIL2 treatment
groups; black boxes, mIL21 treatment groups. Value significantly (*, P <0.05; 1, P < 0.01; 1, P < 0.001) different from that for day 1 baseline (weight and
temperature) or PBS control (Evans blue). Data are shown are representative of 1 of 3 experiments performed.

15

$S9008 981] BIA |,0-90-GZ0Z 18 /woo"Alojoeignd-poid-swid-yewlsiem-ipd-swiid//:sdyy Wwol) papeojumo(



Vol 63, No 1
Comparative Medicine
February 2013

Figure 2. Histopathology of mice (1 = 4 mice per group) injected with 33, 100, or 200 pg rIL2 (IL2) or mIL21 (IL21) twice daily for a total of 7 doses.
At the termination of the experiment (day 4), lung and liver were collected into neutral buffered formalin for processing with hematoxylin and eosin.
Representative images of (A through C) lung and (D through F) liver sections from mice treated with either (A and D) PBS (control), (B and E) 200 ug
mlIL21, or (C and F) 200 pg rIL2 are shown. Treatment with rIL2 increased numbers of mononuclear inflammatory cells in and around the vasculature,
as compared with mIL21 and PBS. Scale bar, 62 pm (A through C) or 123 pm (D through F).
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Figure 3. Hematology of mice (1 = 4 to 6 mice per group) injected with 33, 100, or 200 pg rIL2 (IL2) or mIL21 (IL21) twice daily for a total of 7 doses.
At the termination of the experiment (day 4), blood was collected and analyzed for (A) WBC, (B) lymphocyte, (C) neutrophil, and (D) platelet counts
(mean = SEM). White box, PBS treatment group; gray boxes, rIL2 treatment groups; black boxes, mIL21 treatment groups. Value significantly (*, P <

0.05; 1, P <0.01; , P <0.001) different from that for the PBS control.

Evans blue dye contents of livers from mice treated with 100 or
200 ng mIL21 did not differ from that of control mice. Hepatic
weights at necropsy were normalized to body weights; we then
compared the normalized hepatic weights of the PBS, rIL2, and
mIL21 groups to determine whether treatment-related changes
were present. Relative hepatic weights were increased at all dose
levels of rIL2 and at the 200-pg dose of mIL21, compared with
those after PBS (data not shown).

Multiorgan inflammation is greater in rIL2-treated mice. Micro-
scopic examination of livers and lungs revealed that inflammatory
changes were more common and more severe in rIL2- than mIL21-
treated mice (Figure 2). In the lung, vascular inflammation was the
primary finding in the rIL.2- and mIL21-treated mice; this change
was not present in the control group. Vasculitis in the rIL2 group was
characterized by the presence of numerous mononuclear cells within

the vascular lumen and wall and around the vessel. This infiltrate
involved the majority of the large- diameter vessels in the lung. In
contrast, inflammation in the mIL.21-treated groups involved few
vessels, was present in only a few foci per vessel cross-section, and
was characterized by occasional intravascular mononuclear cells,
swollen endothelial cells, and infrequent perivascular mononuclear
cells. In addition, vasculitis was present in the livers of all of the rIL.2-
treated mice (Figure 2 B) and was accompanied by multifocal infil-
trates of inflammatory cells scattered throughout the parenchyma.
Low numbers of perivascular inflammatory cells were observed in
the liver of only one of the mIL.21-treated mice at each dose level.
Inflammatory cell infiltrates were not present in the livers of con-
trol mice. In addition, significantly (P < 0.05) increased numbers of
mononuclear infiltrates were present in the brain, kidney, pancreas,
and intestine of rIL.2- but not mIL.21-treated mice.
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Hematologic alterations are present after rIL2 treatment. Sig-
nificant (P < 0.05) decreases in WBC counts and circulating lym-
phocytes were observed in mice treated with all doses of rIL2
tested (Figure 3 A and B). Lymphocyte and WBC counts in mice
treated with mIL21 were not significantly different from those of
PBS-treated mice. Neutrophil counts were decreased (P < 0.01)
slightly in mice treated with 200 pg rIL2. In contrast, neutrophil
counts were increased (P < 0.05) after the 200-ug dose of mIL21, as
compared with either PBS or the equivalent dose of rIL2 (Figure
1 C). A dose-dependent decrease (P < 0.05) in circulating platelet
count occurred in mice treated with rIL.2, whereas platelet counts
in mIL21-treated mice did not differ from those of the PBS control
group (Figure 1 D).

Splenic weight, cellularity, and phenotype change after rIL2 or
mlL21 administration. rIL2- and mIL21-treated mice had signifi-
cantly (P < 0.05) increased splenic weights compared with those
of the PBS-treated control groups (Table 1). Splenic weights in
mlIL21-treated mice were significantly (P < 0.05) less than those
for the corresponding rIL2-treated groups. The increases in splen-
ic weights in both groups were dose-dependent. Furthermore,
high doses of rIL2 significantly increased splenic cellularity over
that of control groups (Table 1). Splenic cellularity did not differ
between the rIL21- and PBS- treated groups.

Flow cytometry of spleen cells revealed that rIL2-treated mice
had dose-dependent increases in the numbers and relative per-
centages of NK-T cells (NK1.1*CD3*), NK cells (NK1.1*CD3"),
macrophages (CD11b*), granulocytes (Gr1*), and LFA1* cells
(Table 2). rIL21-treated mice had no increase in NK-T, NK, or
LFAT" cells at any dose. However, the percentages and numbers
of macrophages (CD11b*; 100 pug and 200 pg doses) and granulo-
cytes (Grl*; 200 pug dose) were increased (P < 0.05) in the mIL21-
treated group compared with the control group. The increases in
macrophage and granulocyte percentages and numbers observed
in the mice treated with high-dose mIL21 were comparable to
those seen in rIL.2-treated mice.

riL2—but not mIL21—administration induces an inflamma-
tory cytokine response in mice. Treatment of mice with various
doses of rIL2 dramatically increased the levels of inflammatory
cytokines in the serum, namely TNFa, IFNy, IL5, MCP1, and IL6
(Figure 4). Mice treated with mIL21 did not show any significant
(P <0.05) changes in cytokine levels. Several other cytokines (IL4,
IL10, IL2) showed no upregulation after the administration of
either cytokine (data not shown).

Discussion

VLS is the primary dose-limiting side effect of rIL2 therapy
in humans. The mechanisms underlying this toxicity are not en-
tirely understood, but critical events and mediators have been
identified.5*' Essentially, damage occurs within the postcapillary
endothelium, with adhesion and extravasation of activated leu-
kocytes. Products of these cells activate and damage endothelial
cells, leading to increased inflammatory cell chemotaxis and vas-
cular permeability. Because blocking TNFo ameliorates lympho-
cyte infiltration and lung injury associated with rIL2 toxicity in
mice, the production of TNFa secondary to administration of ex-
ogenous rIL.2 appears to be critical for the development of VLS.”

In the current mouse study, we noted marked vascular leakage
in both the lung and liver after treatment with rIL2. Serum con-
centrations of the cytokines TNFa, IFNy, IL5, MCP1, and IL6 in-
creased as well, and body temperature, body weight, and numbers
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Table 1. Spleen weight and cellularity (mean + SEM)

Spleen weight: Spleen cellularity

Treatment body weight (x10° cells)

PBS 0.0030 (0.0004) 47.97 (8.214)
33 pg IL2 0.0082 (0.0004) 57.09 (5.887)
100 pg IL2 0.0106 (0.0005) 100.4 (10.81)¢
200 pg IL2 0.0133 (0.0016) 101.8 (2.13)
33 ng IL21 0.0044 (0.0001)* 58.84 (6.762)
100 pg IL21 0.0055 (0.0004)° 47.69 (3.919)
200 pg IL21 0.0061 (0.0007)® 53.76 (11.25)

“Value significantly (P < 0.05) different from that of the PBS treatment
(control) group.
®Value significantly (P < 0.01) different from that of the PBS treatment
(control) group.
“Value significantly (P < 0.001) different from that of the PBS treatment
(control) group.

of circulating lymphocytes and platelets all decreased after rIL2
treatment. These results are consistent with published reports
on rIL.2-induced VLS in mice.?* In contrast, mIL21-treated mice
showed only mildly increased vascular permeability only at the
highest dose level. Although vascular permeability was elevated
statistically significantly above PBS control levels, inflammatory
changes in the lungs of mIL21-treated mice were much less severe
than those observed with rIL2 treatment and were not associated
with elevated serum cytokines or significant changes in hemato-
logic parameters. In addition, body weight and temperature were
unaffected in mIL21-treated mice. For the majority of parameters
measured, the changes observed in mice treated with rIL2 were
dose-dependent. In mIL21-treated mice, changes—when pres-
ent—occurred only at the highest dose level and were much less
severe than those in rIL.2-treated mice.

Splenic weights were significantly increased in mice treated
with either rIL2 or mIL21; this effect was greater in rIL2-treated
mice. Increased splenic weight in rIL.2-treated mice was associ-
ated with increased splenic cellularity; flow cytometric analysis
showed increased percentages of all cell lineages tested, relative
to those in control animals. Splenic cellularity in mIL21-treated
mice was not significantly different from that in control animals.
However, flow cytometry revealed a small but significant dose-
dependent increase in the numbers of CD11b* cells in mIL21-
treated mice. Further analysis revealed that most of these cells
were of the CD11b*Gr1" phenotype (macrophages, dendritic
cells); fewer cells of the CD11b*Gr1* phenotype (granulocytes)
were present (data not shown). However, whether the effect
seen in these experiments was due to a direct or indirect effect
of mIL21 on myeloid cells remains unclear. Increases in specific
cell types after IL21 treatment have previously been reported in
the literature. For example, increases in granulocytes and mono-
cytes after mIL21 treatment occurred in a mouse air-pouch mod-
el.”® That study also demonstrated that human monocytes and
monocyte-derived macrophages expressed the IL21 receptor
complex and that the macrophages responded to IL21 by mak-
ing CXCLS, a neutrophil chemoattractant. In addition, transient
increases in circulating monocytes were noted in preclinical
studies of rIL21 in cynomolgus monkeys and to a lesser extent
in Phase I trials of rIL21 in patients with metastatic melanoma
or renal cell carcinoma.®!-%38
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Table 2. Spleen cell lineages

IL21 does not induce vascular leak syndrome

NKT NK CD11b B220 CD4 CD8 LFA1 Grl
Treatment No. % No. Y% No. % No. No. % No. Y% No. % No. %
PBS 033 07 154 32 319 6.6 2434 50.0 10.19  22.0 6.58 143 541 112 111 22
33pgril2 234 43" 533 9.3° 7.04 12.6° 2523 439 10.16 17.6 577 102 16.60 29.3° 282 5.0
100 ug rIL2  3.08 3.2° 14.29¢ 13.9° 14.16° 14.6° 43.63 43.8* 15.57 15.6° 11.62 11.6° 35.11 34.8° 765  8.0°
200 ug rIL2  3.15¢ 3.1° 1459 14.3° 12.08¢ 11.9° 4353 42.8* 1513 14.9° 17.64c 17.3° 44.83< 44.0° 476 47
33ugril21 037 0.6 177 3.0 467 7.8 31.50 53.6 1047 17.9 632 11.0 505 84 105 1.8
100 ng rIL21 0.30 0.6 133 28 535 114* 23.16 48.3 855 17.8 540 113 635 134 154 32
200 pg rIL21 0.56 1.0 186 34 846 16.2° 23.85 45.1 920 172 639 122 843 157 320 6.4°
Each group contained 4 mice. Data are given as the mean number (x10°) or percentage of spleen cells.
“Value significantly (P < 0.05) different from that of the PBS treatment (control) group.
"Value significantly (P < 0.01) different from that of the PBS treatment (control) group.
“Value significantly (P < 0.001) different from that of the PBS treatment (control) group.
(A) (B) (C)
100 800 . 2500+ T
5 %01 i S 600 5, 20001
g g g i
g 604 £ c 1500+ .
= 2 4004 &
£ a0 £ £ 1000
5 i § 5
g 20 g 2007 g soo
S S S
e T T L) L] T T T e T # I T T T T 2 T ) 1 T T L) T
M, Ly M P, Py M ) M N
& ‘g\? &\,"‘r &‘:} KA AN & S‘& Q’\O’ &\'J’ RN & Q\\'} &J o}\? S &Y
s oF oY ¥ (& P s o oY & &P s o oY ¥ &P
PSS pT eV e SR S AR M SIS SRR M
(D) (E)
10004 400~
z z i
2" g™
c 6004 =
k=l £ 200
® 4004 2
E =
g 2001 g 1009
S I o ;
5 N ) v NN A
°°g§" LIS OIS
LRI NIS & “'@Q LIRS NS @Q\? q’@\?

Figure 4. Serum levels (mean * SEM) of the cytokines (A) TNFa, (B) IFNy, (C) IL5, (D) MCP1, and (E) IL6 in mice (1 = 4 to 6 mice per group) injected
with 33, 100, or 200 ug of rIL2 (IL2) or mIL21 (IL21) twice daily for a total of 7 doses. At the termination of the experiment, serum was harvested from
blood drawn from mice not injected with Evans blue dye, and cytokine concentrations were analyzed. White box, PBS treatment group; gray boxes,
rIL2 treatment groups; black boxes, mIL21 treatment groups. Value significantly (*, P <0.05; , P <0.01; f, P <0.001) different from that for day 1 baseline
(weight and temperature) or PBS control (Evans blue). Data are shown are representative of 1 of 3 experiments performed.

In contrast to the elevations in NK and NK-T cell numbers after
rIL2 treatment, these populations did not change markedly after
mlL21 treatment. However, both NK and NK-T cells have been
shown to be activated with mIL21.”® Furthermore, activation of
NK cells has been demonstrated in rIL.21-treated patients with
melanoma.’ The activation status of NK and NK-T cells was not
evaluated in the current study.

Numbers of LFA1* cells in our mice were increased after
rIL2 treatment. LFA1 is thought to enable immune cells to bind

activated endothelial cells and then transmigrate into tissue. In-
creased expression of LFA1 is considered a biomarker of rIL2-
induced cellular activation during VLS.2 LFA1* cells did not in-
crease in number after mIL21 treatment, consistent with the lack
of VLS in mIL21-treated mice.

With regard to putative mechanisms of VLS, the most no-
table differences in the effects of mIL21 and rIL2 were the lack
of cytokine elevation after mIL21 treatment and the different
hematologic changes observed for the 2 treatment groups. TNFo.
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plays an important role in VLS development, and its levels were
unchanged after treatment of mice with mIL21." The reductions
in lymphocyte and neutrophil counts in rIL2-treated mice were
indicative of substantial leukocyte margination, another impor-
tant event in the pathogenesis of VLS;" leukocyte margination
did not occur in mIL21-treated mice. It is interesting to note that
in preclinical studies in cynomolgus monkeys and in Phase I and
IT trials of rIL.21 in renal cell carcinoma and melanoma, no signs
of a ‘cytokine storm” were noted.”!?¢* Increases in TNFo and
its soluble receptor, sSTNF-RII, were seen in rIL.21 clinical trials.?
Although not compared directly in a single study, both rIL21 and
rIL2 appear to induce similar increases in TNFo and sTNF-RII
in patients, but only treatment with rIL2 results in VLS. These
observations suggest that changes in cytokine levels alone are
insufficient to induce vascular leakage and that other factors must
be involved. Another difference between treatment groups in the
current study was that it was difficult to draw blood samples and
inject into the tail vein (veins easily collapsed) in rIL2-treated mice
as compared with PBS and mIL21-treated mice (data not shown),
perhaps due to hypotension in the rIL2-treated mice. Clinically,
hypotension has been reported as a critical aspect of rIL2-in-
duced toxicity.! In contrast, hypotension has been reported only
infrequently in patients treated with rIL21 in multiple clinical
trials®?*2** and was less severe than the hypotension reported for
rIL2 therapy.®™** We did not measure blood pressure in our mice,
and future studies incorporating blood pressure measurement
need to be conducted to characterize hypotension in rIL2- and
mlIL21-treated mice.

Our histopathology findings were consistent with the gross
and clinical pathology changes associated with the cytokine treat-
ments. The rIL2-treated mice displayed dose-related increases
in the incidence and severity of inflammatory cell infiltration in
lung and liver. In comparison, inflammatory cell infiltrates were
much less severe in mIL21-treated animals. The finding of inflam-
matory cell infiltrates in various tissues after administration of
rIL2 is consistent with previous descriptions of the effects of rIL2
in mice.” These infiltrates have been characterized immunohis-
tochemically as including cytotoxic T lymphocytes, NK cells, and
lymphokine-activated killer cells.™

The current studies show that mIL21 does not induce an acute
inflammatory response leading to extensive endothelial damage,
fluid extravasation, and VLS in mice. In clinical studies, rIL.21 at
any dose level (0.3 to 50 ug/kg per dose) did not induce VLS in
patients with cancer, and clinical benefit was demonstrated.”***
These preclinical and clinical data support the use of rIL21 as a
less toxic alternative to rIL2 in cancer therapy.
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