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Interleukin 21 (IL-21) isa type I four-helical bundle cytokine that exerts a variety of significant effects on many hematopoietic
cells, including T and B lymphocytes and natural killer cells. IL-21 is produced predominantly by CD4* T cells and natural
killer T cells and, when aberrantly overexpressed, appears to play important roles in a wide variety of autoimmune
disorders. To generate potential therapeutic reagents capable of inhibiting IL-21 for clinical use, we immunized human
immunoglobulin transgenic mice with IL-21 and then identified and cloned a panel of human anti-human IL-21 binding
monoclonal antibodies. IL-21 neutralizing and IL-21-binding, non-neutralizing antibodies were assigned to distinct
epitope “bins” based on surface plasmon resonance competition studies. The most potent neutralizing antibodies had
extremely high (sub pM) affinity for IL-21 and were able to block IL-21 activity in various biological assays using either an
IL-21R-transfected pre-B-cell line or primary human B cells, and their neutralizing activity was, in some cases, superior to
that of a soluble form of the high affinity heterodimeric IL.-21 receptor. Characterization of this panel of IL-21 antibodies
provided the basis for the selection of a therapeutic candidate antibody capable of inhibiting IL-21 activity for the
treatment of autoimmune and inflammatory diseases.

Introduction

Interleukin 21 (IL-21) is a type I four-helix bundle cytokine and a
member of a family of cytokines (including IL-2, IL-4, IL-7, IL-9
and IL-15) that utilize the common cytokine receptor y chain
(yc) as part of their receptor complex to exert a variety of sig-
nificant effects on hematopoietic cells.”? IL-21 binds to the IL-21
receptor (IL-21R), which forms a complex with the y_and acti-
vates Janus-activated kinases (Jak)-1 and Jak-3, and these subse-
quently activate signal transducer and activator of transcription
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(STAT)-3 and STAT-1, and to a lesser degree STAT-5.7 IL-21 is
produced predominantly by CD4* T cells and natural killer T
(NKT) cells, and IL-21R is expressed widely on lymphohema-
topoietic cells, including NK cells, T cells, B cells, monocytes,
macrophages and dendritic cells. Aberrant expression of IL-21R
on fibroblasts, keratinocytes and intestinal epithelial cells in cer-
tain inflammatory disease settings has also been reported.

IL-21 exerts a broad array of biological effects, including
increased CD4* and CD8" T-cell proliferation, maintenance and
augmented function of CD8* T cells and NK cells, promotion of
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IL-17-secreting Th17 cells and the enhancement of B-cell acti-
vation, plasma cell (PC) differentiation or B-cell death during
humoral immune responses.”®? The effects of IL-21 on B-cell
responses is due at least in part to its autocrine activity on fol-
licular helper T cells (T,,), CD4* T cells that produce large
amounts of IL-21 and are critical to the development and func-

16 TL-21 has also been shown to modu-

tion of germinal centers.
late human monocytes by inducing expression of a wide variety
of cytokines (i.e., GM-CSF, IL-1, IL-2, IL-7, IL-15, IFN+y and
TGFB) and chemokines (i.e., IL-8, RANTES, MIP-1a, eotaxin,
IP-10) in these cells,” and by maintaining monocyte CD16
expression by upregulating IL-10 expression by naive human
CD4* T cells.' Additionally, under certain circumstances IL-21
can inhibit dendritic cell maturation and antigen presentation
function.'?® Thus, 1L-21 has broad effects on both innate and
adaptive immune cells.

Based on its functions on B cells and the observed overexpres-
sion of this cytokine in some patients with systemic autoimmune
diseases such as systemic lupus erythematosus (SLE) and rheu-
matoid arthritis (RA), it has been proposed that IL-21 might play
a critical role in the development of pathogenic autoantibodies
and may contribute to other features of autoimmunity.?"» IL-21
overexpression has also been linked to various organ-specific auto-
immune disorders, such as inflammatory bowel disease (IBD),
psoriasis and scleroderma, and a unique role for IL-21 in enhanc-
ing inflammation via aberrant IL-21R expression on local non-
hematopoietic tissues has been proposed.’**¢** Polymorphisms
in the /L-2/IL-21 and IL-2IR loci have also been associated with
multiple autoimmune disorders including RA, Type 1 diabe-
tes, IBD and SLE.*** The important role of IL-21 in promot-
ing humoral immune responses suggest that neutralizing 1L-21
activity might represent an effective therapeutic intervention for
both systemic and organ-specific autoimmunity.*® Indeed, block-
ing IL-21 activity has been shown to reduce disease symptoms in
a variety of animal disease and xenograft models (ref. 49-56 and
our unpublished results).

Several different mechanistic strategies could be considered to
interfere with IL-21 mediated cell signaling: antagonists directed
against (or composed of) the IL-21R,** antagonists directed
against the common cytokine receptor vy chain (y) (though these
would impact other members of this cytokine family), or antago-
nists directed against IL-21 itself5"5? We describe here the isola-
tion and characterization of neutralizing monoclonal antibodies
(mAbs) directly targeting IL-21 and interfering with its binding
to IL-21R or the IL-21R/y_heterodimer.

Using IL-21-immunized human immunoglobulin (Ig) trans-
genic (T'G) mice, a panel of human anti-human IL-21 specific
mAbs was generated. From this panel, a subset of high affinity
mAbs was identified that potently neutralize IL-21 activity in
multiple in vitro biological assays. Inhibition was observed in
assays utilizing transfected target cells overexpressing IL-21R, as
well as in assays utilizing primary peripheral blood mononuclear
cells (PBMC) isolated from healthy human donors. Additional
functional characterization of the antibodies using surface plas-
mon resonance (BIAcore) was used to both differentiate between
the mAbs on the basis of their binding affinity and kinetics, and
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to assign the mAbs to “epitope bins” based on their ability to
bind IL-21 simultaneously or compete for binding to IL-21. The
mAbs that neutralized IL-21 activity were clearly associated with
two of the three assigned epitope bins. The ability to associate
particular epitope bins with specific functional properties, such
as neutralization, will provide the foundation for more detailed
studies to identify the specific epitopes on human IL-21 bound
by the neutralizing mAbs.

Results

Immunization of human immunoglobulin TG mice. IL-21
exhibits a high degree of inter-species homology and cross-species
activity and is known to have significant effects on B-cell pro-
liferation, survival and Ig class switching, and can also inhibit
antigen presentation by dendritic cells. It is likely that these prop-
erties contributed to the difficulties we encountered in eliciting a
potent immunological response to human IL-21 (which weakly
cross-reacts on mouse IL-21R) in mice when it was administered
in a wide variety of formats and adjuvant conditions. A very lim-
ited number of mice responded to IL-21 immunization with a
neutralizing titer and this response required that IL-21 be conju-
gated to a highly charged and effective carrier protein, and admin-
istered in a complex adjuvant formulation to the mice. Consistent
with the potential involvement of human IL-21 or neutralizing
anti-IL-21 antibodies on IgG production in the mice, only IL-21
highly cross-linked with formaldehyde to bovine serum albumin
(BSA) or keyhole limpet hemocyanin (KLH) produced an effec-
tive titer in the mice, and in no case were we able to identify mice
that could generate both a potent neutralizing anti-human IL-21
and anti-mouse IL-21 antibody response.

Male “KM” mice (Kirin human Ig TG mice cross-bred with
the Medarex HuMab mouse) were initially immunized by subcu-
taneous (SC) injection of purified recombinant IL-21 conjugated
with BSA or IL-21 conjugated with KLH-DSS in combination
with CpG and GM-CSF and Emulsigen®-P adjuvant. In addi-
tion, female HuMab mice were immunized with IL-21 conju-
gated with KLH-DSS. Following the initial immunization, each
of the mice received three additional SC injections of IL-21 in
Emulsigen®-P adjuvant via the SC route in weekly intervals. Seven
days after the fourth immunization, serum was collected from the
mice for analysis of its ability to bind to IL-21. Serial 10-fold dilu-
tions of sera were assessed in a direct ELISA using immobilized
IL-21 and both IgG and IgM anti-IL-21 titers were measured.
In parallel, sera from the immunized mice were also evaluated
for neutralizing activity in a cell-based STAT3-phosphorylation
assay. The level of STAT3 phosphorylation in a murine pre-B-cell
line (BaF3) transfected with the human IL-21R! treated with
IL-21 was measured using anti-phospho-STAT3 (pSTAT3) anti-
body-conjugated beads. Inhibition of IL-21 activity, determined
by pre-incubating the sera from the immunized mice with IL-21
prior to adding it to the BaF3/IL-21R cells, was determined based
on the decrease in pSTAT3 levels using an EC, | concentration
of IL-21 and a titration of antagonist serum. We incorporated
this bioassay into the primary screen of the immunized mice to
improve our chances of selecting for mice that were producing
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neutralizing, rather than just binding, anti- A
IL-21 mAbs. oo
Fusion§ to generate IL-21 neutraliz.ing ® Binl
mAbs. ‘Mlce v'vuh the hlghest IL—ZI—SpCClﬁc, LA™ /E /C O Bin2
neutralizing titers were immunized a final B} o104 e § A % Bin1/2
time with 30 ng of non-conjugated IL-21 | | | " Fe / G A Bin3
in PBS via SC injection. Four days later, the | - | & voxos ] RK T @ @ B A/ A IL-21RAc-Fe
spleen and lymph nodes of each mouse were % O *ﬁ Tl
harvested, prepared as a single cell suspension o i IS ** P ® ~IpM A=362.78
and fused to a myeloma cell line at a 2:1 lym- 2 1051054 D /E_** A/(' ..................... 10 pM B =362.597
phoid cell:myeloma cell ratio with polyeth- | & | | T el Tl C = 366.552
ylene glycol (PEG). Wells were assayed 10 d L 100 pM E; 3366623758
after plating of the fusion. Loxto- 10 M9, ° %0 1M F = 366.345
Hybridoma culture supernatants were 1.0x10° 1.0x10° 1.0x10” 1.0x10° G = IL-21R/ye-Fe
initially screened for the presence of human ka (1/M*s)
IgG antibodies. Wells containing hybridomas Faster Assocition >
secreting human IgG as determined by ELISA
were selected for further evaluation. Since high = :
affinity mAbs were desired, those hybridomis B Clone# | BinAssignment
predominantly secreting human IgM were 22232
discarded. Subsequently, hybridomas secret- 362108
ing IL-21-specific IgG were identified based 362.216 Bin #1
on their ability to bind to IL-21 immobilized 362.303
in microtiter plates in the direct ELISA used ggg:gi
to screen the mouse sera. 362,557
In the first of three fusions (Fusion 362), a 36237
total of 72 IgG*/Ig-kappa* wells were identi- 362.172
fied by ELISA, of which 14 master wells had 362.378
significant IL-21 neutralizing activity in the ggzgii
pSTAT3 assay. In Fusion 366, a total of 96 366,398 Overlap Bin 1/2
IgG*/kappa* wells were identified (13 with 366.453
neutralizing activity), and in Fusion 367, 27 366.462
IgG*/Ig kappa* wells were identified, with five 366.479
master wells selected for neutralizing activity. 2222?3
Binding kinetics and epitope binning of 367 752
human anti-hIL-21 mAbs. Purified mAbs 362.75 Bin #2
from hybridomas secreting IL-21-binding 366.328
human IgG were tested using BIAcore sur- 366.345 Bin #3
face plasmon resonance to determine their
approx'lm(?lte .blndlng klr.let}cs and afﬁany. Figure 1. Affinity and epitope bin distribution. (A) The mAbs were screened for binding
The distribution of association (kﬂ) and dis- affinity to rhiL-21 via surface plasmon resonance (BlAcore). Association rate constants (k)
sociation (kd) rate constants for a subset of the and dissociation rate constants (k ) were plotted in an affinity isotherm plot for mAbs in Bin
mAbs and the heterodimeric soluble receptor | 1 (filled circles), Bin 2 (open squares), Bin 1/2 (asterisks), Bin 3 (filled triangles) and the soluble
is shown in Figure 1A. Competitive binding heterodimeric receptor (open triangle). Values for a specific subset of the mAb clones are
studies were also performed to assign antibod- indicated with letters. (B) Epitope bin assignment of the mAbs.

ies to “epitope bins” based on their ability to

bind simultaneously to human IL-21. The epitope bins associated
with various mAbs are annotated in Figure 1B. Antibodies that
bind to the same or overlapping epitopes on IL-21 are not able to
bind simultaneously and were functionally assigned into a single
family or epitope bin. The human IL-21 mAbs were assigned to
three unique epitope bins. Additionally, a subset of human mAbs
was identified that competed for binding with mAbs assigned to
both Bin #1 and Bin #2, and thus were assigned to an overlap
“Bin #1/2.” A set of mouse anti-human IL-21 mAbs generated
previously (data not shown) were also characterized and these
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mAbs were assigned to Bin 1, Bin 2 and two new epitope bins
(Bins 4&S5; not shown). All of the mAbs with neutralizing activ-
ity fell into Bins #1, 2 or “1/2.” None of the mAbs in Bins #3,
4 or 5 had neutralizing activity, indicating that Bins #1 and #2
contain mAbs that disrupt a key point of interaction between
IL-21 and its receptor complex.

Variable region sequencing. The Ig heavy and light chain vari-
able region genes from a subset of the IL-21 mAbs were cloned
and sequenced, and their Ig heavy chain isotypes were also iden-
tified (Table 1). Of the three mAbs in Bin #1 whose Ig genes were
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Table 1. Characteristics of key IL-21 mAbs and the soluble IL-21R/vy -Fc heterodimeric receptor

IL-21R/y-Fc  Clone 362.78 Clone 362.597
Epitope bin #1 #1 #1
Isotype n/a 9G4, kappa 19G1, kappa
VH germline gene n/a VH3-33 VH3-33
VL germline gene n/a VKl A27 VKkIll A27
Cross reacts with
human IL-2, -4, -7, -9, n.d. No No
or-15
Inhibits IL-21 binding
to soluble Yes Yes Yes
homodimeric IL-21R
Inhibits IL-21 binding
to soluble heterodi- Yes Yes Yes

meric IL-21R/y_

Clone 366.552 Clone 366.328 Clone 362.75 Clone 366.345
#3 (non-

#1/2 (overlap) #2 #2 o

1gG1, kappa 1gG4, kappa 1gG1, kappa 19G (:;b)type
VH4-59 VH3-21 VH4-39 n.d.
VkI L5 VKl L4 VKkIIl L6 n.d.
No (western No (western No (western nd
blot only) blot only) blot only) o
Yes No n.d. No
Yes No n.d. No

Cross-reactivity to related y_cytokines was assessed by western blot analysis for all mAbs except 366.345. Clone 362.78 was further assessed for
cross-reactivity to the related cytokines by surface plasmon resonance, and was also evaluated in bioassays for a subset of these cytokines (IL-2, -4 and
-15; see Materials and Methods). Competition for IL-21 binding to soluble receptors was determined by surface plasmon resonance (Fig. 6); n/a, not

applicable; n.d., not determined.

sequenced (362.78, 362.564, and 362.597), all three express the
VH3-33 heavy chain gene and the VKIIIA27 light chain gene,
and these mAbs are identical or nearly identical to one another.
Based on the sequence of their heavy chain diversity (D) seg-
ments, these three mAbs are likely to be derived from the same
B-cell precursor in vivo. In fact, the mAbs 362.78 (IgG4) and
362.564 (IgG4) are identical to one another and likely derived
from the same original B-cell clone. The D segment shared by
these three mAbs is most closely related to (and likely derived
from) D segment D6-19. All six of the Bin #1/2 mAbs express
the VH4 4-59 gene and either the VkI L5, VKI L19 or VKIIT A27
light chain genes (Table 1 and data not shown). All mAbs tested
were either IgG1 or IgG4 isotypes, which is not uncommon for
the KM mice. Of the two Bin #2 mAbs sequenced, 366.328
(IgG4) expresses VH3 3-21 and VkI L4, whereas 362.75 (IgG1)
expresses VH4 4-39 and VKIII L6 (Table 1). Alignments of
CDR sequences from the neutralizing antibodies across all the
bins did not show any homology suggestive of a functional cor-
relation between specific amino acid residues and neutralizing
activity (data not shown).

Recombinant versions of mAbs 366.552 and 362.78 were gen-
erated by fusing the VH chain from each mAb to a modified
human Ig gamma 1 (IgGl) constant region (“IgG1.1”) contain-
ing five amino acid substitutions to greatly reduce complement
and FcR binding.® The VL chain from each mAb was fused to
the human Ig kappa constant region and the H and L chains
were co-expressed in Chinese hamster ovary (CHO) cells (see
Methods). The resulting recombinant mAbs retained their origi-
nal IL-21 binding and neutralizing activity while lacking Fc
effector function (data not shown).

Functional activity in cell-based assays. The human IL-21
mAbs were also characterized in a set of assays for biological
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activity utilizing a murine pre-B-cell line (BaF3) transfected
with both the human IL-21R and a STAT-responsive luciferase
reporter gene, KZ134 (“BaF3/hIL-21R”)."* The human IL-21R
can associate with the endogenous murine vy_in the BaF3 cells
and enable IL-21 signaling, and the BaF3/hIL-21R cell line is
responsive to recombinant human, mouse, rat and cynomolgus
monkey IL-21 (data not shown). The first screening assay using
this cell line consisted of a brief (10 min) incubation of the cells
with human IL-21 that had been pre-incubated or not with the
hybridoma supernatants. IL-21 activity was determined by mea-
suring the level of STAT3 phosphorylation using anti-pSTAT3
antibody-conjugated beads (binding of IL-21 to IL-21R/y_leads
to phosphorylation of STAT3 and, to a lesser extent, STAT1 and
STATS5).*% As a positive control, the human IL-21R /vy -Fc pro-
tein was included to demonstrate neutralization activity. Relative
neutralization activity was determined based on the decrease in
pSTAT3 levels using a pre-determined EC, concentration of
IL-21 and a titration of antagonist. Results for mAbs from three
of the hybridomas representing Bins #1, 2 and 1/2 are shown
in Figure 2A, and IC, | values are summarized in Table 2. The
heterodimeric soluble IL-21R and the two mAbs with faster asso-
ciation rate constants, 362.78 and 366.552, were more efficient
neutralizers than mAbs from clone 366.328 in this short-term
assay. The hybridomas secreting the mAbs with the most potent
IL-21 neutralizing activity were further subcloned using limiting
dilution and the mAbs purified for further evaluation.

An additional neutralization screening assay utilized the same
BaF3/hIL-21R cells, co-transfected with the KZ134 reporter
construct, which produces luciferase in the presence of phos-
phorylated STATT, 3, 4, 5 or 6. The cells were incubated with
IL-21 and hybridoma supernatants or purified mAbs for 24 h and
then lysed and mixed with a solution containing the luciferase
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substrate luciferin, and the amount of relative lumines-
cence was measured. By using a fixed concentration of
IL-21 and a titration of mAb, the relative neutralizing
activity of each IL-21 mAb was determined (Fig. 2B
and Table 2). As expected, given the longer duration
and elevated IL-21 concentration required in this
assay (Fig. 2A), a higher concentration of each mAb
was required to fully inhibit IL-21 activity (Fig. 2B
and Table 2). Of note, the neutralizing activity of
the homodimeric (consisting of two IL-21Ra chains
fused to Fc) and heterodimeric (IL-21R/7y -Fc) forms
of the soluble IL-21 receptor was also measured using
the STAT-luciferase assay, and the IL-21R homodimer
was at least 20-fold less potent than the heterodimeric
IL-21R /vy -Fc (data not shown).

A subset of the IL-21 neutralizing mAbs was also
tested for their ability to inhibit IL-21-mediated
human B-cell proliferation. Freshly isolated human
B cells were purified from healthy donor PBMC and
cultured for 4 d in the presence of IL-21, anti-CD40
antibody and a titration of each IL-21 mAb. The
IL-21 neutralizing activity of many of these mAbs
was actually superior to that of the positive control
antagonist, IL-21R/y-Fc. IL-21 mAb 366.328 was
the most potent neutralizer in this assay, followed in
order by 362.78, 366.552 and IL-21R /vy -Fc (Fig. 2C
and Table 2).

IL-21 has been shown to drive B-cell Ig class switch-
ing and to promote differentiation of memory B cells
to Ig-producing PC.">¢ Based on published protocols,
we developed an in vitro human PC differentiation
assay in order to evaluate the potency of three of the
IL-21-neutralizing mAbs, 362.78 (Bin #1), 366.328
(Bin #2) and 366.552 (Bin #1/2). All three clones
potently blocked IL-21 activity at least as well as the
IL-21R/y -Fc control and reduced B-cell differentia-
tion, as assessed by the loss of IgD and gain of CD38
expression (data for clone 362.78 shown in Fig. 3A).
Additionally, we assessed the levels of IgG in the super-
natants of the cultured B cells and showed that clone
362.78 inhibited the secretion of IgG1 (Fig. 3B) in a
dose-dependent manner. We were unable to accurately
assess the levels of IgG4, given the interference of the
added clone 362.78 (IgG4) in the human IgG ELISA.
The results demonstrate that at least a few of the IL-21
mAbs effectively neutralize IL-21 activity even after 7
days in culture, suggesting that the mAbs are stable
and active for a prolonged period at 37°C.

ICs0
0.01 nM
0.21 nM
0.04 nM
0.02 nM
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IL-21R/yc-Fc
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Figure 2. Neutralization of IL-21-mediated activity in vitro. (A) Neutralization of
STAT3 phosphorylation by IL-21 mAbs and the soluble receptor. Thirty-two pM
rhiL-21 was incubated with three CHO-expressed recombinant IL-21 neutralizing
mADb clones 362.78 (filled squares), 366.328 (open triangles), 366.552 (X's), or soluble
IL-21R/y-Fc (asterisks) prior to stimulation of BaF3 cells expressing IL-21R. Phospho-
STAT3 was measured following a 15 min incubation. (B) Neutralization of STAT-me-
diated luciferase activity. rhIL-21 (641 pM) was incubated with IL.-21 mAbs or soluble
IL-21R/y_for 30 min prior to culture with BaF3/IL-21R cells. After 20 h, STAT-mediated
luciferase activity was measured. (C) Neutralization of IL-21-mediated B cell prolifera-
tion. Primary human B cells were incubated for 4 d with 3.21 nM (50 ng/mL) IL-21,
100 ng/mL anti-CD40 or a titration of IL-21 mAb or soluble IL-21R/vy -Fc. Incorporation
of *H-thymidine during the final 16 h was measured. Results shown are representa-
tive of three independent experiments.

that mAb 362.78 can both bind native IL-21 and also neutral-

Given that all of the mAb screening assays were performed
using recombinant IL-21, we next confirmed that the mAbs
could also bind and neutralize native human IL-21. A represen-
tative mAb, clone 362.78, was conjugated to AlexaFluor 647
and then used to stain intracellular IL-21 in activated human
CD4* T cells. As shown in Figure 4A, IL-21 mAb 362.78 bound
a similar fraction of activated T cells as did the control 1L-21
staining mAb purchased from a vendor. In order to demonstrate

www.landesbioscience.com

mAbs

ize its activity, we performed the pSTAT3 assay using culture
supernatants from human T cells activated under Thl-skewing
conditions as the source of native IL-21. Clone 362.78 inhibited
STAT3-phosphorylation induced in BaF3/IL-21R cells by acti-
vated T cell supernatants generated from all four healthy human
blood donors tested (Fig. 4B).

In order to attempt to differentiate between their activity, mAbs
366.552 and 362.78 were also tested in a modified version of the
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Table 2. Affinity and neutralizing activity of key IL-21 mAbs and the soluble IL-21R/y -Fc heterodimeric receptor

IL-21R/y-Fc  Clone 362.78 Clone 366.328 Clone 366.552 Clone 362.75 Clone 366.345

K, (pM) 0.21 0.25 <3.0 <0.5 2000 350

Association rate constant (k, M-1s-1) 9x 107 4x107 4x10° 2x10° 6x10° 2x10°

Dissociation rate constant (k , s-1) 2x10° 1x10° <1x10° <1x10° 1x103 7x10*

IC,, STAT3-P assay 0.02 nM 0.01 nM 0.21 nM 0.04 nM No neut No neut

IC,, STAT-Luciferase assay 0.49 nM 0.15 nM 0.24 nM 0.33nM No neut >20 nM
IC, B-cell proliferation assay 3.32nM 0.78 nM 0.27 nM 3.53nM No neut n.d.
Activity in PC differentiation assay +++ +++ +++ ++ n.d. n.d.
IC, STAT-Luciferase assay vs. cyno IL-21 0.38 nM 0.40 nM 0.10 nM 0.16 nM 9.30 nM n.d.
IC, STAT-Luciferase assay vs. mouse IL-21 9.98 nM No neut No neut No neut No neut n.d.
Neutralizes rat IL-21 Yes No n.d. No n.d. n.d.
Neutralizes rabbit IL-21 Yes No n.d. n.d. n.d. n.d.

Affinity (K )/association rate constant (k )/dissociation rate constant (k) was determined by surface plasmon resonance (BlAcore) as described in
Methods. Neutralizing activity and IC,  values were determined in the cell-based assays described in Figures 2 and 3. n.d., not determined; neut,

neutralization.

STAT3-phosphorylation assay described in Figure 2A. Instead
of pre-incubating the mAb with IL-21 for 30 min prior to add-
ing it to the BaF3/hIL-21R cells, the mAbs and IL-21 were added
separately or were pre-mixed for 5, 15 or 30 min prior to addition.
While clone 366.552 required at least a 30 min pre-incubation to
effectively block IL-21 activity in this assay (Fig. 5A), clone 362.78
was able to fully inhibit IL-21-induced STAT3 phosphorylation
when added just 5 min prior to stimulation, and could partially
inhibit IL-21 activity even with no pre-incubation step (Fig. 5B).
This result likely reflects mAb 362.78’s 20-fold faster association
rate constant (as compared with mAb 366.552) for association with
IL-21 (Table 2 and Fig. 1A). In contrast, the soluble IL-21R/vy -Fc
control could only partially inhibit IL-21 activity under each of
these conditions, despite having both association rate and disassoci-
ation rate constants comparable to those of mAb 362.78 (Fig. 5C).

Interference of IL-21 mAbs with IL-21-IL-21R binding. To
furcher elucidate how the neutralizing human mAbs interact with
IL-21 relative to the IL-21 receptor, BIAcore was used to per-
form competition experiments similar to those initially used to
assign the mAbs to epitope bins (Fig. 1) to determine which of
the mAbs compete for binding to IL-21 with both the homodi-
meric and heterodimeric forms of the soluble IL-21 receptor. Five
purified mAbs, 362.78 (Bin #1), 366.552 (Bin #1/2), 362.75 (Bin
#2), 366.328 (Bin #2) and 366.345 (non-neutralizing Bin #3)
were tested (Fig. 6 and data not shown). The mAbs 362.78 and
366.552 competed with both forms of the soluble receptor, while
mAbs 366.328 and 366.345 did not compete with either form
of the soluble receptor, despite the observation that 366.328 can
neutralize IL-21 bioactivity in cell-based assays (Fig. 2). The mAb
362.75 partially and weakly competed with both forms of the
soluble receptor, though its relatively low affinity for IL-21 may
contribute to incomplete competition in this assay format (data
not shown).

Binding assessment using direct ELISA and western blot-
ting. The IL-21 mAbs were tested against native IL-21 and
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denatured proteins, an IL-21 mutein, and short synthetic pep-
tides derived from the native IL-21 sequence, in an initial attempt
to determine the scope of key regions of IL-21 involved in anti-
body binding. For the peptide binding assays, four peptides of
18-29 amino acids each were plated in an ELISA format to assess
mAb binding (Fig. 7). These peptides were designed to provide
significant coverage of the cytokine polypeptide while focusing
on domains predicted from cytokine mutein studies and from
the structure of IL-21-related cytokines to be important in recep-
tor binding or activation. The summary of the binding results
are shown in Table 3. None of the mAbs tested (clones 362.75,
362.78, 362.597, 366.328, 366.345 or 366.552) demonstrated
any binding to Peptides 1-3 (which include portions of helices
A, B and C), and only mAbs 362.75 and 366.552 could bind
Peptide 4 (which includes helix D) (Fig. 7 and Table 3). The
mAbs 362.78, 362.597 and 366.328 exhibited fairly poor reac-
tivity to the peptides and denatured proteins overall, suggesting
the epitopes recognized by these potent neutralizing mAbs likely
require significant conformational integrity (Table 3).

The IL-21 mutein tested contains two mutations in helix D
(Q116D and 1119D; Fig. 7) that do not affect the mutein’s ability
to bind IL-21R, but do prevent signaling through the IL-21R/y_
complex.””’® Two of the mAbs that exhibited the best reactivity
under denaturing conditions in western blot and peptide ELISA,
mAbs 366.552 and 362.75, showed no reactivity to the human
IL-21 mutein, and only mAb 362.75 was able to bind Peptide
4, which includes the amino acids affected in the IL-21 mutein
(Table 3). These data indicate that the region of IL-21 contain-
ing these two mutated amino acids (Q116D, 1119D) comprises a
critical feature in the epitope recognized by mAbs 366.552 and
362.75. However, other neutralizing mAbs such as 362.78 and
362.597 were able to bind the IL-21 mutein, demonstrating only
slightly reduced binding to the IL-21 mutein relative to unmu-
tated IL-21 (Table 3), suggesting that this region of helix D is at
best a minor component of their epitopes.
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Figure 3. Neutralization of IL-21-mediated B cell differentiation and IgG1 production. (A) Inhibition of B-cell differentiation to a PC phenotype. A
subset of primary human B cells, when cultured for 8 d with 25 ng/mL IL-21, 100 ng/mL anti-CD40 and 10 ng/mL IL-4, differentiate to an IgD", CD38*

PC phenotype. Addition of IL-21 neutralizing mAbs (produced from 15t round hybridoma clones) or soluble IL-21R blocked PC differentiation in a dose-
dependent manner. Data for clone 362.78 is shown, though similar results were obtained with clones 362.328 and 366.552. Results shown are repre-
sentative of two separate experiments. (B) IL-21 mAbs reduced IgG1 production. PC supernatants were collected at the end of the 8 d differentiation
period and concentration (ng/mL) of total IgG1 measured. Inhibition of IL-21-mediated PC differentiation by the IL.-21 mAbs correlated with a reduction

Discussion

IL-21 plays multiple roles within the immune system and, when
dysregulated, can induce autoimmunity and inflammation, pre-
sumably by over- or improperly stimulating one or more of its
target cell types. Thus, antagonizing IL-21 activity is a promising
new approach for treating various autoimmune diseases such as
SLE, RA and IBD.

We have described here the generation and characterization
of a panel of human anti-hIL-21 mAbs generated in human Ig
TG mice. Many attempts were made initially to immunize the
human Ig TG mice with unconjugated rhIL-21, but the mice
failed to mount strong anti-IL-21 neutralizing titers until they
were immunized with IL-21 cross-linked to carrier proteins such
as BSA and KLH. The weak neutralizing antibody responses
to hIL-21 in the absence of carrier protein might be a result of
cross-species effect of large quantities of hIL-21 on B cells in
these mice, which may have adversely affected their ability to
mount strong IgG responses. Another explanation may be that
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neutralizing antibodies generated in the mice may block the
B-cell stimulatory effects of endogenous mIL-21, thus decreasing
the antibody response and Ig class switch. However, in no case
were we able to identify mice that had both a potent neutralizing
anti-human IL-21 and anti-mouse IL-21 antibody serum titer,
though this could at least in part be due to sequence dissimilarity
in the key regions of mouse and human IL-21 required for neu-
tralization. None of the anti-hIL-21 mAbs we isolated from the
subsequent fusions were able to neutralize mouse IL-21, though
clones 362.75 and 366.552 were able to bind denatured mIL-21
in a western blot (Tables 2 and 3 and data not shown).

The most potent hIL-21 neutralizing mAbs identified (362.78
and 362.597) proved equivalent or superior to the soluble hIL-
21R/y -Fc heterodimer, which itself is a better neutralizer than
the hIL-21R homodimer (hIL-21R-Fc) in a range of biological
assays (unpublished results). Notably, in the kinetic inhibition
experiments shown in Figure 5C, mAb 362.78 proved superior
to the soluble IL-21R/y -Fc, which could only partially inhibit
IL-21 activity despite having association and disassociation rate
constants comparable to those of mAb 362.78. For reasons that
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Figure 4. IL-21 mAb binds to and neutralizes native IL-21. (A) APC-
labeled IL-21 mAb (362.78; purified from the 2" round hybridoma clone)
binds intracellular IL-21 in PMA+ionomycin-stimulated (upper panels),
but not unstimulated (lower panels) human T cells. Total PBMC were
stained with anti-CD3-FITC and counterstained with either mAb 362.78
(left panels), a commercially available APC-labeled positive control IL-21
mADb (IgG4) (right panels), or an APC-labeled 1gG4 isotype control mAb
(not shown). The APC staining from the isotype control mAb was used
to set the quadrants shown. Results shown are representative of three
independent experiments. (B) IL-21 mAb (clone 362.78) neutralized
native IL-21-induced STAT3 phosphorylation. CD4* T cells were isolated
from four healthy donors and stimulated for 16 h with PMA+ionomycin
to generate conditioned media containing native IL-21. Media was then
incubated with a titration of IL-21 mAbs, cultured with BaF3/IL-21R cells
for 15 min and pSTAT3 was measured. IL.-21-mediated pSTAT3 from all
four donors was blocked in a dose-dependent manner by IL-21 mAb.

are thus far unclear, in this assay the mAb appears to better pre-
vent dissociation events and subsequent binding to cell surface
IL-21R than does the soluble receptor. From the neutralization
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activity and other data collected for the panel of IL-21 mAbs,
several candidates were selected for further clinical development
to evaluate efficacy of an IL-21 mAb in the treatment of patients
with autoimmune disease. Other groups have demonstrated anti-
disease activity in mouse models using a homodimeric soluble
mouse IL-21R-Fc reagent.®*"*% Given that all of our neu-
tralizing mAbs consistently neutralize IL-21 activity at least as
potently as the heterodimeric human IL-21R /vy -Fc, and by infer-
ence far more potently than the human homodimeric IL-21R-Fc,
it appears likely that an anti-IL-21 mAb will also be able to sup-
press IL-21-mediated autoimmunity and inflammation in vivo.
We have also confirmed using high affinity rat anti-mIL-21 or
mouse anti-mIL-21 mAbs that neutralizing mIL-21 in vivo in
mouse models of colitis/psoriasis and arthritis can elicit thera-
peutic benefit (unpublished results).

Several of the IL-21 mAbs were also assessed for cross-reac-
tivity to IL-21 from other species in preparation for toxico-
logical assessments in non-human species. In particular, clones
362.78, 362.597, 366.328 and 366.552 all bind and neutralize
cynomolgus monkey IL-21, but do not neutralize IL-21 derived
from mouse, rat or rabbit (Tables 2 and 3 and data not shown).
Future epitope mapping studies of the IL-21 mAbs will likely
reveal residue dissimilarities within the key binding sites between
human/cynomolgus monkey IL-21 and mouse/rat/rabbit IL-21
that account for this lack of cross-reactivity. Similarly and not
surprisingly, these mAbs do not cross-react on the related, but
fairly dissimilar, y_cytokines IL-2, -4, -7, -9 or -15 (Table 1 and
data not shown). Notably, some of the neutralizing IL-21 mAb
clones derived from the human Ig Tg mice were very similar
to one another. Two of the anti-IL-21 hybridomas, 362.78 and
362.597, express Ig light and heavy chains that are results of pro-
ductive rearrangements from the same variable region germline
genes, VH3-33 and VKIII A27 (Table 1). The variable region
sequences from the two hybridomas differ by only one amino
acid located in CDR1 of the heavy chain (data not shown). The
high degree of shared sequence identity suggests that in each case
the heavy and light chain variable regions were derived from the
same variable region germline gene. Both hybridomas express Ig
kappa light chains, but 362.78 expresses an IgG4 heavy chain
while 362.597 expresses an IgGl heavy chain (Table 1). It
appears that both of these hybridomas are derivatives of the same
initial B-cell immunoglobulin loci rearrangement events and
that 362.78 is a result of a subsequent class switch to an IgG4
heavy chain. Either prior to or after the Ig class switching event,
362.78 and 362.597 diverged by the incorporation of further
somatic mutations that led to the single amino acid difference in
the heavy chain. IL-21 mAbs 362.78 and 362.564 were cloned
out separately from the same fusion, but were later determined to
be identical in sequence and isotype. Thus, these two hybridomas
were likely derived from “sister” clones from the same original B
cell generated in vivo.

BIAcore competition experiments testing mAbs representa-
tive of each epitope bin against the homodimeric and heterodi-
meric soluble IL-21Rs revealed some important insights into
the mechanism by which these mAbs neutralize IL-21 activity
(Fig. 6). mAbs 362.78 and 366.552 competed with both forms
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of the soluble receptor, while mAbs 366.328 and 366.345 (a non-
neutralizing mAb) did not compete with either form of the recep-
tor, despite the observation that 366.328 can neutralize IL-21
bioactivity in cell-based assays (Figs. 2 and 6). Theoretically,
mADb 366.328 might therefore be able to bind, if only transiently,
to IL-21/IL-21Ra complexes on the cell surface. In contrast,
mAbs 362.78 and 366.552 directly block IL-21 from binding ini-
tially to IL-21Ra and completely prevent further ligand/recep-
tor assembly and signaling. We could not obtain a clear result
in the BIAcore competition experiments for mAb 362.75, which
appears to bind to a linear epitope in the D helix of IL-21 and is
only a weak neutralizer of IL-21 activity (Tables 2 and 3). Clone
362.75 partially and weakly competed with both forms of the
soluble receptor in BIAcore, though its relatively low affinity for
IL-21 may contribute to incomplete competition in this assay for-
mat (data not shown). Consistent with these data, clone 362.75
was also the most effective mAb tested in western blot and anti-
peptide ELISA assays (Table 3).

While 366.552 can directly block IL-21 binding to its receptor,
and can moderately bind to a linear peptide (Peptide 4) encom-
passing the D helix of IL-21, but not to the IL-21 D helix mutein
(Table 3 and Fig. 7), it requires longer pre-incubation times with
IL-21 to fully inhibit IL-21 activity in the short term pSTAT3
bioassay (Fig. 5). This may either be due to the location of its
binding site on IL-21, which seems to differ from that of 362.78
(Table 3), or due to its ~20-fold slower association rate constant
for association with IL-21 (Fig. 1A and Table 2). Future epitope
mapping studies may help to resolve these possible explanations.
Clone 366.552 did, however, perform well as an IL-21 neutralizer
in the longer term cell-based assays (Fig. 2 and data not shown).

To begin to address whether the IL-21 mAbs would retain
their function in vivo, an assessment of IL-21 mAb activity was
also performed in both short-term and long-term BaF3/hIL-
21R-based bioassays in the presence of 5-10% serum from four
healthy subjects or from four RA patients (data not shown).
Although the serum itself from both donor sets was slightly toxic
to the BaF3 cells in both STAT3-P and proliferation assays, there
was no significant difference in IL-21 mAb neutralizing activ-
ity in the presence of healthy vs. RA serum. One of the IL-21
mAbs described herein (clone 362.597) was recently evaluated
for neutralizing activity in vivo. Blazar et al. investigated the role
of IL-21 in a human xenogeneic GVHD model, and observed
that human IL-21 secreting cells were present in the colon of
GVHD recipients and were associated with elevated serum IL-21
levels. When the IL-21 neutralizing mAb was administered pro-
phylactically, it significantly reduced GVHD-associated weight
loss and mortality, resulting in a concomitant increase in Tregs
and a decrease in T cells secreting IFNy or granzyme B.%

We have described the generation and initial characterization
of a panel of human anti-hIL-21 mAbs from human Ig Tg mice.
Clinical studies using a therapeutic anti-IL-21 mAb (NNC114-
0005) derived from this panel are underway to determine whether
antagonizing IL-21 activity will be a promising new approach for
treating various autoimmune diseases.
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Figure 5. Binding kinetics correlate with efficacy in the IL-21-mediated
pSTAT3 assay. Serial dilutions of IL-21 antagonists were pre-incubated
with 96 pM IL-21 for O (filled squares), 5 (open triangles), 15 (filled
inverted triangles) or 30 (open diamonds) min prior to initiation of the
PSTAT3 assay. Recombinant CHO-expressed mAbs were used in these
experiments. (A) With a relatively slow association rate, clone 366.552
requires a longer pre-incubation period than clone 362.78 or IL-21R to
completely neutralize IL-21-mediated STAT3 phosphorylation. (B) IL-21
mAb clone 362.78 (very fast association rate) demonstrated the most
potent inhibition of IL-21 mediated pSTAT3 with complete neutraliza-
tion following 5, 15 and 30 min pre-incubation periods. (C) Soluble IL-
21R/y_neutralized IL-21-mediated pSTAT3 in a time-dependent manner,
but not as effectively as clone 362.78.

Materials and Methods

Proteins and peptides. Recombinant human IL-21 (rhIL-21),
cynomolgus (cyno) IL-21 and mouse IL-21 were prepared by
recombinant expression and refolding from an E. coli expres-
sion system. Mature human and cynomolgus monkey IL-21
(amino acids 30-162) and murine IL-21 (amino acids 18—146)
were expressed in E. coli strain W3110 (American Type Culture
Collection, #27325) from 500 mL Superbroth II medium (BD
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A 362.78 (Bin #1) coli as described above. Four peptides, predicted
457 Competitors tested: = © be part of the expose.d faces of }}IL—ZI, were
= ;g: —— 366.345 26073 Wnthesmed by thf: peptldf: synthesm. core facil-
S 366.552 ity at ZymoGenetics. Peptide #1: helix A+added
2 5 366.328 C-terminal Cys (pyroGlul-Lys21-Cys), Peptide
S 201  eeaas 366.345 #2: Asn25-Cys42, Peptide #3: Asn68-Cys93
2 154 ' IL-21R-Fe and Peptide #4: helix D, Cys96-Ser124 (sce Fig,.
2 107 IL-21Rfye-Fe 7). Two versions of soluble human IL-21 recep-
S 5
& tors were expressed as wild type human IgG, Fc
-5 900 1000 1100 1200 1300 1400 dimers in CHO cells: a homodimeric IL-21R
Time (Seconds) extracellular domain-Fc fusion protein with
. C-terminal Glu-Glu tags and a heterodimeric
B450_ 366.552 (Bin #1/2) IL-21R extracellular domain-Fc/y_ extracellu-
400- lar domain-Fc with a C-terminal Glu-Glu tag
E 350 T 366345 362.78 on the IL-21R-Fc and a C-terminal His, tag on
3007 366.552 the y -Fc. The homodimeric IL-21R-Fc fusion
F B0 366.328 protein was purified from filtered CHO cell
:a;a fgg: 13]?_62?;?& conditioned media using Protein A Sepahrose
§. 1004 IL-ZIR/YC-FC (GE Healthcare, #17—1279—01) afﬁnity chro-
g s matography and size exclusion chromatography
07 1 (Superdex 200; GE Healthcare, #17-1071-01).
S o0 1,(;(.)0 HSOO 11200 1300 1400 The heterodimeric IL-21R-Fc/y -Fc was puri-
fme (Seconds) fied from CHO cells co-transfected with two
366.328 (Bin #2) separate expression constructs encoding each
2257 receptor. Following Protein A Sepharose affin-
= igg: IL-21R/yc-Fe 26278 ity chromatography and size exclusion. chro-
SI — 322;25 366.328 matography to remove aggregated protein, the
32 1254 ~— Lo 1RFe 366.345 heterodimer and homodimer populations were
D 1004 IL-21R-Fc resolved by metal affinity chromatography on
RE IL-21R/yc-Fe Ni-NTA Superflow (Qiagen, #30430). Protein
% zg: content was determined by amino acid analysis.
2 Production of anti-human IL-21 mAbs.
.2;- 900 1000 1100 1200 1300 1400 Genetically modified Ultimab™ mice from
Time (Seconds) the Kirin-Medarex (KM) Mouse® colony
and HuMab mice (HC020 x BALB/c) were
Figure 6. Representative mAbs from the neutralizing epitope bins (Bin #1, Bin #1/2 and Bin Obt?i.n?d by agreement from Medarexf Inc,
#2) were tested for competition with soluble homodimeric or heterodimeric IL-21R. Sens- (Milipitas, CA) and hoqu:d and 1mr.numzed at
orgrams are shown for co-binding with (A) mAb 362.78 (Bin #1), (B) mAb 366.552 (Bin #1/2) ZymoGenetics. All experimental animals used
and (C) mAb 366.328 (Bin #2). The lists of competitors tested against each mAb are shownin | in these studies were included in a protocol
the boxes on the right. approved by the Institutional Animal Care and

Difco, #299316), supplemented with antifoam (Sigma-Aldrich,
#A8311) at 100 pl/L and kanamycin (Sigma-Aldrich, #60615)
at 25 pg/mL in 2L side-baffled flasks. The cultures were grown
at 37°C with shaking at 250 rpm and induced with 1 mM IPTG
(Calbiochem, #420322-10GM) when the cultures reached an
ODGOO
4 h post-induction. The cultures were harvested by centrifuga-
tion and IL-21 protein was refolded from the resulting cell pellets.
Recombinant C-terminal His, tagged rat IL-21 was expressed
from HEK 293 cells and recovered from the conditioned media
by metal affinity chromatography on Ni-NTA Superflow
(Qiagen, #30430). Recombinant C-terminal His_ tagged rab-
bit IL-21 was expressed from HEK 293 cells and evaluated from
the conditioned media without further purification. The human
Q116D/1119D IL-21 mutein was expressed and purified from E.

of 1.5. Cultures were allowed to grow for an additional
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Use Committee (IACUC) at ZymoGenetics.
For Fusions 362 and 366, KM mice were immunized and boosted
repeatedly with rhIL-21 conjugated to BSA (Imject Pharmalink
Immunogen Kit, ThermoScientific Pierce, #PI77158), or to
keyhole limpet hemocyanin (mcKLH Thermoscientific Pierce
#77608) utilizing BS3-DSS. For Fusion 367, HuMab mice were
immunized with rhIL-21 conjugated to KLH-DSS. Each immu-
nogen was composed of an emulsion of Emulsigen-P adjuvant
(MVP Laboratories, Inc.,) and additional CpG (oligonucle-
otide murine TLRY ligand; ZymoGenetics, Inc.,) and recombi-
nant mouse granulocyte macrophage colony stimulatory factor
(GM-CSF; R&D #415-ML/CF). Immune sera were assayed
for human anti-human IL-21 mAb binding activity by enzyme-
linked immunosorbent assay (ELISA) and neutralizing activity
was assessed by cell-based assays. Splenocytes and lymph node
cells from the mice with the highest neutralizing anti-human
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Figure 7. Amino acid sequence of mature hlL-21. Residues 1-133 of the mature hIL-21 polypeptide, lacking the signal sequence, are shown. Helices
A-D are boxed, and the four synthetic peptides used to assess binding of the IL-21 mAbs by ELISA and western blot (Table 3) are indicated. The two ar-
rows denote the residues mutated in helix D (Q116D and 1119D) of the IL-21 mutein; these two mutations do not affect the ability of the mutein to bind
IL-21R, but prevent signaling through the IL-21R/y_complex, and are thought to be critical residues for y_binding.*”*®

Table 3. Summary of binding of key IL-21 mAbs to various forms of IL-21 and to peptides derived from IL-21

*Direct ELISA **Western blot
mAb clone Epitope bin H;_g:n I(Iaﬂ 6";;:::’;-;; P: 1p P#ezp I;esp I;e4p Human IL-21 Cynomolgus IL-21 Mouse IL-21
362.78 1 ++ + 0 0 0 0 ++ ++ 0
362.597 1 e =+ 0 0 0 0 ++ ++ 0
366.552 “1/2" +++ 0 0 0 0 ++ +++ +++ +++
366.328 2 +++ +++ 0 0 0 0 1r 1r 0
362.75 2 +++ 0 0 0 0 +++ +++ +++ +++
366.345 3 +++ Gt 0 0 0 0 0 0 0

*Direct ELISAs were performed to determine binding of mAbs to WT rIL-21 and to the IL-21 mutein-Fc (Q116D, 1119D), as well as to four peptides derived
from rIL-21 (Fig. 7): Peptide #1, (N-term): pyroGlu GQDRHMIRMRQLIDIVDQLK-Cys; Peptide #2, NDLVPEFLPAPEDVETNC; Peptide #3, NVSIKKLKRKPPST-
NAGRRQKHRLTC; Peptide #4, (C-term): CDSYEKKPPKEFLERFKSLLQKMIHQHLS; **western blot analysis was also used to assess binding of IL-21 mAbs to
denatured human, cyno and mouse IL-21; Reactivity: 0, none; +, weak; ++, moderate; +++, strong.

IL-21 titers were fused with mouse P3-X63-Ag8.653 myeloma
cells (ATCC #CRL1580) to generate human antibody-producing
hybridomas. Hybridoma culture supernatants were screened for
the presence of human IgG/kappa isotypes using a direct ELISA
to capture and detect mAbs containing human IgG and kappa
constant regions. ELISA plates were first coated with polyclonal
goat anti-human IgG, Fc specific (Jackson Immuno Research
Laboratories, #109-005-008) antibody, incubated overnight at
4°C, and then washed. Hybridoma supernatant samples were then
transferred to the assay plate and, following incubation at RT for
1 h, the wells were aspirated and washed. Horseradish peroxidase
(HRP)-labeled goat anti-human kappa specific (Southern Biotech,
#2061-05) antibody at a dilution of 1:5,000 was then added and
the plates incubated at RT for 1 h. After washing, tetra methyl
benzidine (TMB) (BioFX Laboratories, # TMBW-1000-01), was
added to each well and color development was stopped by the
addition of Stop Reagent (BioFX Laboratories, #STPR-1000-01).
The absorbance values were measured with Molecular Devices
Spectra MAX 340. Hybridomas secreting IL-21-specific IgG were
identified based on their ability to bind to IL-21 immobilized
in microtiter plates and on their activity in a cell-based assay for
IL-21 neutralizing activity (described below). Specific mAbs were
identified by the clone designation of the hybridomas that pro-
duced them. For each clone number designation (e.g., 362.78.1),
the first number indicates the fusion number (362), followed by
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the master well from the fusion (78), and each subsequent number
indicates a subcloning event (1). For simplicity, we have used here
only the master well designations (e.g., 362.78) to refer to any and
all subclones derived from the original hybridoma.

Hybridoma cell culture. Hybridoma lines were cultured in
IMDM (Hyclone, #SH30228.01) with 1x GlutMax (Gibco,
#35050), 1x Penicillin/Streptomycin (Hyclone, #SV30010),
10% Fetalclone 1 serum, non-heat inactivated (Hyclone,
#SH30080.03), 10% Hybridoma Cloning Factor (BM Condimed
H1; Roche Diagnostic #11088947001). During fusion and the
initial passages of fused cells, complete IMDM medium was
applied with the addition of 1x HAT (hypoxanthine, aminop-
terin, thymidine; Mediatech #25-046-CI) for hybridoma selec-
tion. During the cloning process, cells were cultured with the
addition of 1x HT (hypoxanthine, thymidine; Gibco/Invitrogen
# 0521) replacing HAT.

Cloning and selection of first round clones. Cells from anti-
IL-21 mAb-producing master wells were cloned in order to isolate
a single monoclonal hybridoma. Cells were cloned in hybridoma
growth medium supplemented with 1x HT and distributed
into 96-well microtiter cell culture plates using a standard low-
density dilution (<1 cell per well) approach. Monoclonality was
assessed by microscopic examination of wells for a single foci of
growth prior to assay. As a back-up, 10 cell/well plates were also
seeded. Selection of first round clones occurred 10 d post-plating.
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All wells on the plates indicating outgrowth of one colony were
screened with the phosphorylated-STAT3 (pSTAT3) assay for
their neutralizing activity. Positive wells were expanded into
24-well cultures and when the density were approximately 4-6
x 10° cells/mL, the supernatant (-1.5 mL) was individually col-
lected and stored for each well and the cells from each well cryo-
preserved. When cloning of master wells did not produce single
clones, cloning was repeated from the 10 cell per well plate in
order to obtain a single colony outgrowth. The cloning process
was repeated to obtain second round clones.

STAT3-phosphorylation assay. A murine B cell line, BaF3,
was transfected with the human IL-21R gene and a STAT-
luciferase reporter construct KZ134." Recombinant IL-21, IL-21
antibodies or soluble IL-21 heterodimeric receptor (IL-21R/
v.-Fc) (ZymoGenetics, Inc.,) were serially diluted and mixed
30 min prior to initiation of reaction. Cells were plated at 5 x
107 cells per well in a 96-well U-bottom plate and incubated
for 30 min at 37°C. To initiate the reaction, IL-21/antagonist
solutions were mixed with the BaF3 cells and incubated for 15
min at 37°C, unless otherwise noted. Cells were lysed and the
level of intracellular pSTAT3 was measured using a bead-based
Phospho-STAT3 Assay (Bio-Rad Laboratories, #171-V22522).

STAT-luciferase assay. BaF3/IL-21R/KZ134 cells were plated
at 50,000 cells per well in a 96-well, flat bottom, opaque white
assay plate (Corning/Costar, #3917) and incubated for 30 min at
37°C. Dilutions of IL-21, IL-21 antibodies or IL-21 soluble het-
erodimeric receptor were prepared in a separate 96-well plate and
allowed to equilibrate for 30 min at 37°C. The treatment solu-
tions were then transferred to the BaF3 cell plate and incubated
at 37°C. After 20-24 h, the cell plate was allowed to equilibrate
to RT. Steady-Glo luciferase reagent (Promega Corp., # E2510)
was then added to each well and relative luminescence measured.

B-cell proliferation assay. PBMC were isolated by Ficoll-
Paque (GE Healthcare, #17-1440-03) gradient centrifugation
from heparinized peripheral blood drawn from healthy human
volunteers. Blood samples were obtained per the ZymoGenetics
protocol, following written informed consent. B cells were nega-
tively selected using the B Cell Isolation Kit (Miltenyi Biotec,
#130-090-862) following the manufacturer’s protocol. B-cell
purity (CD19*), assessed by flow cytometry, was >97% from each
donor. B cells were incubated with 0.1 pg/mL anti-CD40 (R&D
Systems, #AF632) plus a titration of rhIL-21 (ZymoGenetics,
Inc.). For neutralization assays, 0.1 pg/mL anti-CD40 and 50
ng/mL recombinant IL-21 were mixed with a titration of IL-21
antagonist (IL-21 antibodies or soluble IL-21R). Following a 3d
incubation, cells were pulsed with 1 nCi/well of [PH]-thymidine
(MP Biomedicals, LLC., #012404301) and incorporation mea-
sured after 16 h.

Plasma cell differentiation assay. Primary human B cells were
isolated as described and plated at 1.5 x 10° cells/well in a 96-well
flat bottom plate (Becton Dickinson, #353072). Cells were then
cultured with 0.1 pg/mL anti-CD40, 10 ng/mL rhIL-4 (R&D
Systems, #204-IL-010) and 25 ng/mL rhIL-21 (ZymoGenetics,
Inc.). Titrations of IL-21 mAb and sIL-21R were then added and
cells incubated at 37°C and 5% CO, in a humidified tissue cul-
ture incubator. After 7 d, conditioned media was collected for
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antibody titers and the cells pelleted for analysis by flow cytom-
etry. Cells were incubated with antibodies to CD19, CD38,
CD138 and IgD (BD Biosciences Inc., #555415, 555461, 347205,
555779, respectively) following a standard surface staining proto-
col. PC were defined as having the following phenotype: CD19*,
[gDP", CD38" and CDI138. IgG isotype levels in conditioned
media samples were measured using the Human IgG Subclass
Isotyping Kit (Millipore Corporation, #48-301).

Detection of intracellular IL-21. Primary human CD4*
T cells were isolated using magnetic beads (Miltenyi Biotec, Inc.,
#130-091-155) and skewed to a Th1 phenotype by incubating for
48 h in the presence of plate-bound anti-CD3 (BD Biosciences
Inc., #555336) and soluble IL-12 (R&D Systems, #219-1L-005),
IFNy (R&D Systems, #285-1F), anti-CD28 (BD Biosciences
Inc., #555725) and anti-IL-4 (BD Biosciences Inc., # 54515).
Conditioned media was then collected and cells stimulated for 6 h
with PMA/ionomycin (Calbiochem, Inc., #524400 and 407950)
and the Golgi-transport blocker GolgiPlug (BD Biosciences Inc.,
#555029). Cells were then collected, permeabilized and fixed in
Cytofix/Cytoperm buffer (BD Biosciences Inc., #554722). Cells
were stained with commercially available anti-IL-21-allophyco-
cyanin (APC) (eBiosciences Inc., #51-7219-71), anti-IFNvy-PE
(BD Biosciences Inc., #554552) or APC-conjugated IL-21 mAb
clone 362.78 (ZymoGenetics, Inc.). Data was collected on a
FACSCalibur (BD Biosciences Inc.).

Neutralization of native IL-21. Conditioned media from
Thil-skewed CD4* T cells was added to BaF3/hIL-21R cells for
10 min and pSTAT3 measured to determine relative IL-21 con-
centration. An EC, dilution of conditioned media was mixed
with a titration of IL-21 mAb clone 362.78 and incubated for
30 min prior to mixing with BaF3/hIL-21R cells. pSTAT3 was
measured following a 10 min incubation using the same protocol
described above.

Bioassays to assess mAb cross reactivity to related y_cyto-
kines. A primary B-cell proliferation assay was used to test for
IL-21 mAb cross-reactivity to IL-4. Untouched B cells were
isolated as described previously and plated at 40,000 cells/well
with 1 pg/mL plate-bound goat anti-human IgM (Southern
Biotech, Cat #2020-01), 10 ng/mL human IL-4 (R&D Systems,
Cat#204-1L-010) and a titration of IL-21 neutralizing anti-
bodies or IL-21R/y-Fc. Cells were incubated for 3 d and
[PH]-thymidine incorporation measured during the final 18 h. A
proliferation assay utilizing the murine T-cell line CTLL-2 was
used to measure cross-reactivity of IL-21 mAbs to human IL-2
and IL-15. CTLL-2 cells were plated at 50,000 cells/well with
either 3.0 ng/mL IL-2 (R&D Systems Inc., Cat# 202-IL-010) or
0.5 ng/mL IL-15 (R&D Systems Inc., Cat# 247-1L-005), and a
titration of IL-21 mAbs. Cells were then incubated for 24 h and
[PH]-thymidine incorporation measured during an additional
18 h of culture. IL-2 and IL-15 neutralizing antibodies were
included as controls (R&D Systems Inc., Cat#MAB202 and
MAB2471, respectively).

Antibody production and purification. Conditioned media
containing human IgG was harvested and passed through a
0.2 pm filter. Antibody protein was purified from the filtered
conditioned media using a combination of Protein G Sepharose
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Affinity Chromatography (GE Healthcare, #17-0618-03) and
Superdex 200 Size Exclusion Chromatography (GE Healthcare,
#17-1071-01). Enriched protein content was estimated by absor-
bance at A, and the quality evaluated by analytical size exclu-
sion high performance liquid chromatography and SDS PAGE.

Generation of recombinant human antibodies. Hybridoma
cells corresponding to the supernatant samples that bound and
neutralized human IL-21 were cloned in order to isolate mono-
clonal hybridomas (designated as 362.78 and 366.552) produc-
ing the neutralizing mAb of interest. RNA was isolated using
the Qiagen RNeasy kit (Qiagen, #74104). Variable regions
were cloned using the SMART RACE ¢cDNA Amplification Kit
(Clontech, #634914), utilizing 5' RACE technology and gene
specific 3' primers specific to human constant region sequences.
Heavy and light variable region sequences were cloned using the
TOPO TA Cloning Kit for Sequencing (Invitrogen, #K4575_01).
Gene sequences were verified by comparing the translated DNA
sequence to the experimentally determined N-terminal amino
acid sequencing performed on antibody purified from hybrid-
omas 362.78 and 366.552. Recombinant forms of the mAbs pro-
duced by clones 362.78 and 366.552 were generated and used for
some of the experiments shown. Recombinant mAbs 362.78 and
366.552 were expressed in CHO cells using separate heavy chain
and light chain expression vectors. Human anti-human IL-21
mAb variable region sequences were spliced with human constant
region kappa or human immunoglobulin gamma 1.1 (IgGl.1),
an effector-minus variant of wild-type IgGl1 that has mutations
resulting in the reduction of Fc vy receptor binding and ability
to fix complement.”® Constructs were generated utilizing overlap
PCR® and homologous recombination in yeast using a propri-
ety mammalian expression vector with a dihydrofolate reductase
(DHFR) selectable marker for the heavy chain and puromycin
resistance (puroR) for the light chain. The human anti-human
IL-21 heavy and light chain expression plasmids were co-trans-
fected into CHO DXB-11 host cells. Puromycin selection was
followed by methotrexate selection to obtain high, stable expres-
sion of human anti-human IL-21 mAbs. Conditioned media was
harvested and protein was purified as described above.

BIAcore binding kinetics. Binding kinetics measurements
were performed either on a BIACORE T100™ system or a
BIACORE-3000 system (GE Healthcare). An antibody capture
surface was prepared by directly immobilizing a goat anti-human
IgG-Fc-gamma specific antibody (Jackson ImmunoResearch;
P/N 109-005-098) onto a CM4 chip using a mixture of 0.4 M
EDC [N-ethyl-N'-(3-diethylamino-propyl) carbodiimide] and
0.1 M NHS (N-hydroxysuccinimide). After immobilization of
the mADb, the active sites on the flow cell were blocked with 1 M
ethanolamine. After preparation of the capture surface, the indi-
vidual anti-IL-21 mAbs were captured onto separate flow cells
of the chip. Serial dilutions of IL-21 from 0 to 200 nM were
flowed over the surface and allowed to bind to the captured anti-
IL-21 mAb. Binding kinetics were performed with a flow rate of
50 wL/min, an association time of 7 min and a dissociation time
of 15 min. The experiment was run at a temperature of 25°C,
and the buffer for these studies consisted of 10 mM Hepes, 0.3
M NaCl, 0.05% surfactant P20, 5 mM CaCl,, 1 mg/mL BSA,
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pH 8.0. Between cycles, the flow cell was washed with 20 mM
hydrochloric acid to regenerate the surface. The sensorgrams were
processed by double referencing (the signal from the reference
flow cell was subtracted from the binding curves, followed by
subtraction of the signal from the buffer injections). The binding
curves were globally fit to the 1:1 binding model. Similar experi-
ments were run to test for cross-reactivity of clone 362.78 to the
related y_cytokines IL-2, IL-4, IL-7, IL-9 and IL-15.

Epitope binning and competition experiments. Epitope
binning studies were performed on a BIACORE T100™ system
(GE Healthcare). Individual anti-IL-21 mAbs were covalently
immobilized to separate flow cells of a CM4 sensor chip (GE
Healthcare, P/N BR-1005-34) using a mixture of EDC and
NHS as described above. After immobilization of the mAb, the
active sites on the flow cell were blocked with 1 M ethanolamine.
The IL-21 antigen was flowed over the surface and allowed to
specifically bind to the mAb immobilized on the sensor chip.
Following the binding of the IL-21 antigen, a secondary anti-
IL-21 mADb was injected and allowed to bind. If the secondary
anti-IL-21 mAb was capable of binding the antigen simultane-
ously with the primary mAb, an increase in mass on the surface
of the chip, or binding, was detected. If the secondary anti-
IL-21 mAb was not capable of binding the antigen simultane-
ously with the primary mAb, no additional mass or binding,
was detected. Once the level of background signal (RU) associ-
ated with the negative controls was established (the same anti-
IL-21 mAb used as both the primary and secondary mAb), the
binning results were reported as either positive or negative bind-
ing. The differential between positive and negative response
values in this experiment was significant and allowed for an
unambiguous assignment of the anti-IL-21 mAbs into distinct
families, or epitope bins, as described in Results. Competition
studies with soluble receptors (IL-21R-Fc and IL-21R/7y -Fc)
were performed in a similar manner. The experiment was set
up as detailed above, except the soluble receptors were used in
place of the secondary anti-IL-21 mAb. As a positive control for
this assay, each anti-IL-21 mAb was tested against an anti-1L-21
mADb from a different epitope bin to determine the level of posi-
tive (binding) signal.

Epitope binning and competition experiments were performed
with a flow rate of 30 wL/min and a temperature of 25°C. The
buffer for these studies consisted of 10 mM Hepes, 0.3 M NaCl,
0.05% surfactant P20, 5 mM CaCl,, 1 mg/mL BSA, pH 8.0.
Between cycles, the flow cell was washed with 20 mM hydro-
chloric acid to regenerate the surface. Data was compiled using
BIACORE T100™ Evaluation software (version 1.1.1).

Binding assessment using western blotting and direct
ELISA. The ability of the mAbs to bind to hIL-21 and IL-21
orthologs was assessed using western blotting. Recombinant
human, cynomolgus and mouse IL-21, human IL-21 peptides
(#1-4) conjugated to maleimide activated-ovalbumin (OVA)
(Thermoscientific Pierce, #PI77126), human IFN-A1 con-
trol protein (ZymoGenetics, Inc.,) and human IL-2, IL-4,
IL-7, IL-9 and IL-15 (R&D Systems) were subjected to SDS
polyacrylamide gels electrophoresis (SDS-PAGE) and trans-
ferred to nitrocellulose membranes. Membranes were blocked
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with western Blocking Reagent [20 mM Tris pH 7.4, 0.5 mM
EDTA, 0.5% v/v IGEPAL CA-630, 150 mM NaCl, 0.25%
gelatin: with 1% added hydrolyzed casein (Roche Laboratories,
#11921673001)] and were subsequently incubated with 10-100
ng/mL mAD in blocking reagent for 2 h at ambient tempera-
ture. Following washing, the membranes were incubated for
2 h with HRP-conjugated donkey anti-human IgG (Jackson
ImmunoResearch Laboratories, #709-035-149), washed and
visualized using Supersignal DuraWest peroxidase substrate
solution (Pierce, #34075). The ability of the mAbs to bind to
hIL-21, the hIL-21 Q116D/1119D mutein and hIL-21 sequence
derived peptides (conjugated or not to OVA) was also assessed
using a direct ELISA format. Recombinant antigen was immo-
bilized onto the surface of polystyrene plates at 1 pg/mL in 0.1
M Na,CO, pH 9.6. Plates were incubated overnight at 4°C and
the plates were washed with PBS-Tween wash buffer (137 mM
NaCl, 2.2 mM KCL, 6.7 mM Na PO, 2.0 mM KH, PO, pH
7.2, 0.05% v/w polysorbate 20). Wells were blocked with wash
buffer containing 1% w/v BSA and antibody solutions (1 pg/
mL) were prepared in 5% fetal bovine serum (FBS)/Iscove’s
modified Dulbecco’s Media (IMDM) and added to the wells
for 1 h at ambient temperature. Following additional washing,
HRP-conjugated goat anti-human IgG-Fc specific (Jackson
Immunoresearch Laboratories, #109-035-098) was added at

ambient temperature for 1 h. Plates were washed a final time
and developed using TMB (BioFx Laboratories). The ability of
the anti-hIL-21 binding and neutralizing mAbs to bind to hIL-
21 and hIL-21 sequence derived synthetic peptides was demon-
strated in the direct ELISA assay format. Binding to rhIL-21
(ZymoGenetics), or to hIL-21 sequence derived synthetic pep-
tides (Peptides #1-4, defined above), was assessed by ELISA as
described for recombinant protein.
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