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ABSTRACT
TL1A is an attractive therapeutic target for the treatment of mucosal inflammation associated with
inflammatory bowel disease (IBD) and asthma. Blockade of the TL1A pathway has been shown to reduce
inflammatory responses while leaving baseline immunity intact, and to be beneficial in animal models of
colitis and asthma. Given the therapeutic potential of blocking this pathway in IBD and asthma, we
developed C03V, a human antibody that binds with high affinity to soluble and membrane-bound TL1A. In
an assay measuring apoptosis induced by exogenous TL1A, C03V was 43-fold more potent than the next
most potent anti-TL1A antibody analyzed. C03V also potently inhibited endogenous TL1A activity in a
primary cell-based assay. This potency was linked to the C03V-binding epitope on TL1A, encompassing
the residue R32. This residue is critical for the binding of TL1A to its signaling receptor DR3 but not to its
decoy receptor DcR3, and explains why C03V inhibited TL1A-DR3 binding to a much greater extent than
TL1A-DcR3 binding. This characteristic may be advantageous to preserve some of the homeostatic
functions of DcR3, such as TL1A antagonism. In colitis models, C03V significantly ameliorated microscopic,
macroscopic and clinical aspects of disease pathology, and in an asthma model it significantly reduced
airways inflammation. Notable in both types of disease model was the reduction in fibrosis observed after
C03V treatment. C03V has the potential to address unmet medical needs in asthma and IBD.
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Introduction

TL1A (also known as tumor necrosis factor superfamily mem-
ber 15 [TNFSF15]) is a member of the TNF ligand superfamily
and, like other members, is homotrimeric. It is a single-pass
type II membrane protein that is cleaved by endogenous pro-
teases to produce a soluble form. Both the membrane-bound
and soluble forms are active. TL1A is expressed at low levels by
endothelial cells under steady-state conditions1 and at higher
levels by tissue macrophages, lamina propria lymphocytes, and
CD11chigh dendritic cells under inflammatory conditions.2,3

TL1A has two known receptors: Death Receptor 3 (DR3,
TNFRSF25) and Decoy Receptor 3 (DcR3, TNFRSF6b). DR3 is
constitutively expressed at low levels on T, B and NK cells, and is
upregulated upon cell activation.4 Soluble TL1A is sufficient for
activationofDR3.5 Signaling throughDR3activates theNF-kBsig-
naling pathway and is both costimulatory and anti-apoptotic on T
cells.1,6 Additionally, DR3 contains a canonical TNF receptor fam-
ily death domain andmay be pro-apoptoticwhenNF-kB signaling
isnot activated.7DcR3 isa solubledecoyreceptor that is alsobound
byotherTNFsuperfamilymembersFAS ligandandLIGHT.

DR3 signaling is not a primary driver of immunity, but rather
amplifies activation under certain conditions. It has been reported
as amplifying Th1 responses by synergizing with interleukin (IL)-
12,2,8 and Th17 responses by synergizing with IL-23.9,10 TL1A

blockade in established, dextran sodium sulfate (DSS)-induced
colitis mouse models reduced the pathology of disease and the
generation of Th1 and Th17 cells.10,11 Neutralization of TL1A by a
monoclonal antibody resulted in a reversal of colonic fibrosis to
pre-inflammatory levels by lowering expression of connective tis-
sue growth factors.12 Likewise in an acute 2, 4, 6 –trinitrobenzene-
sulfonic acid (TNBS)-driven mouse model of colitis, which is
dependent on interferon (IFN)-g from Th1 cells, an antibody
against TL1A prevented weight loss and histological signs of
inflammation.11 Many genome-wide association studies have
identified polymorphisms in the TNFSF15 locus conferring
genetic susceptibility to Crohn’s disease and ulcerative colitis.13

TL1A is important for sustained pathological Th2 responses,
and blockade of TL1A with neutralizing antibodies reduced
inflammation and levels of the cytokines IL-4, IL-5, and IL-13
in a murine model of ovalbumin-induced asthma.14 TL1A sig-
naling through DR3 also enhances Th9 cell pathogenicity in
allergic responses.15 Recently TL1A has been identified as a
driver of group 2 innate lymphoid cell (ILC2) expansion and is
able to induce upregulation of IL-5 and IL-13 production from
this cell type.16,17 ILC2 have been identified as primary drivers
of asthma-associated inflammation, both in animal models18

and in human disease,19 implying a significant role for TL1A in
asthma induction.
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Given the potential for TL1A blockade in the treatment of
inflammatory diseases, such as asthma and inflammatory bowel
disease (IBD), we developed an anti-TL1A monoclonal anti-
body termed C03V. Based on its high affinity, selectivity and
potency both in vitro and in vivo, we conclude that C03V is an
attractive candidate for clinical development.

Result

Characterization of antibody C03V binding to TL1A
Anti-human TL1A antibody C03V was isolated from a human
phage display library and converted to human IgG1 lambda
(see Methods). Using surface plasmon resonance (SPR), C03V
was tested for its ability to bind to TL1A from non-human spe-
cies: dog, cynomolgus monkey, cat, pig, guinea pig, rabbit, rat
and mouse (Fig. 1). In addition to human TL1A, C03V bound
strongly to cynomolgus monkey, dog, cat, guinea pig, rat and
mouse TL1A, and weakly to pig and rabbit TL1A.

The affinity of C03V binding to human TL1A was determined
using a Kinetic Exclusion Assay (KinExA). KinExA measures the
free concentration of one of the binding partners without perturb-
ing the equilibrium of the solution. The assay was performed with
the antibody (Fig. 2A), or TL1A (Fig. 2B), as the constant binding
partner (CBP). C03V is a high affinity antibody to TL1A with an
equilibrium dissociation constant (KD) of 41 pM. Using SPR,
C03V did not bind to other TNF ligand superfamily members,
including TNF-a, GITR ligand, 4-1BB ligand, CD27 ligand, CD30
ligand, CD40 ligand, LIGHT, TRAIL, APRIL, BAFF, EDA-A1,
EDA-A2, RANK ligand, OX40 ligand, lymphotoxin a, lympho-
toxin b and FAS ligand (Supp. Figure 1A). TWEAK and CD27
were analyzed separately from the other family members as these
required a different SPR assay format. C03V did not bind these
family members either (Supp. Figure 1B and 1C).

Overall, C03V is a highly TL1A-selective monoclonal antibody
with a very high affinity for human TL1A and strong binding to
TL1A from a number of species useful for in vivo pharmacology
such as cynomolgus monkey, rat, mouse and guinea pig.

C03V inhibits the binding of TL1A to DR3 and to a lesser
extent to DcR3

TL1A has been shown to induce pro-inflammatory effects through
binding to DR3.20 DcR3 is a decoy receptor for TL1A, FAS ligand
and LIGHT.21 The ability of C03V to neutralize TL1A binding to
DR3 and DcR3 was measured using a competition ELISA. In 3

independent experiments, C03V neutralized human TL1A bind-
ing to DR3 with IC50 values between 0.06 and 0.30 nM and to
DcR3 with IC50 values between 8 and 10 nM (Fig. 3). Thus C03V
selectively inhibits TL1A binding to DR3 with 78-fold (mean
value; n D 3) greater potency compared to DcR3. This mode of
receptor-selective inhibition could have the advantage of dual
TL1A-inhibitory actions: a direct antibody-mediated effect and
the residual inhibitionmediated byDcR3.

C03V binding to R32 on TL1A confers DR3 selectively

We generated a series of TL1A variants in which each residue
predicted to be solvent-accessible was substituted to an alanine
residue. When these variants were screened by SPR, variant
TL1A-R32A no longer bound to C03V, and TL1A-R85 showed
reduced binding to C03V (Fig. 4A). Though distant in primary
amino acid sequence, R32 and R85 are located in close proxim-
ity on the X-ray crystal structure of TL1A (Fig. 4B). Both
variants had reduced binding to DR3 in a receptor ELISA, but
retained full binding to DcR3 (Fig. 4C).

C03V is a potent inhibitor of TL1A in a cell-based assay

Recombinant human TL1A induces apoptosis of cyclohexi-
mide-treated human TF-1 cells. When C03V or four other
disclosed, potent anti-TL1A antibodies were tested, C03V was
43-fold more potent than the next most potent anti-TL1A
antibody (Antibody #4) (Fig. 5). As measured in this cell based
assay, C03V is the most potent anti-TL1A antibody we tested.

C03V binds to primary human cell-expressed soluble
and membrane-bound TL1A

Experiments above demonstrated the binding of C03V to recom-
binant human TL1A. Here, binding was tested towards native
TL1A, both soluble and membrane-bound, from primary human
cells. In an ELISA using C03V as capture antibody, soluble TL1A
was detected in cell culture supernatant from primary human cells
stimulated with immune complexes (Fig. 6A). Using C03V for
detection, membrane-bound TL1A was detected on unstimulated
primary human cells by flow cytometry (Fig. 6B). Activated cells
have lower levels of membrane-bound TL1A (data not shown).
This result may be due to metalloproteinase cleavage of the TL1A
to release soluble TL1A, which is highly elevated in immune com-
plex-stimulated samples.

C03V inhibits endogenous TL1A activity in primary human
cells

Stimulation of whole blood samples with immune complexes,
IL-12 and IL-18 induces TL1A, which subsequently stimulates
IFNg production (Fig. 7). When tested with blood from four
donors, C03V demonstrated potent, dose-dependent inhibition
of TL1A-induced IFNg with a mean IC50 value of 128 pM.

C03V does not induce ADCC

Because TL1A can be expressed in a membrane-bound form, it
is possible that C03V could induce antibody-dependent cell-

Figure 1. Single kinetic analysis of anti-TL1A antibody C03V binding to TL1A from
different species as measured using surface plasmon resonance. (RU – response
units). Abbreviation: cyno D cynomolgus macaque.
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mediated cytotoxicity (ADCC) of TL1A-expressing cells. This
was tested with target cells transiently transfected with TL1A
and CD20 (as a positive control) using the ADCC Reporter
Bioassay kit (Promega). Following transfection and immedi-
ately prior to the ADCC experiments, 33% of cells were positive
for TL1A, as detected by C03V, and 44% for CD20, as detected
by rituximab, compared to an isotype control by flow cytome-
try. Non-transfected cells did not show any induction of ADCC
when treated with either C03V or rituximab (Fig. 8A). ADCC
was not induced on cells that were transfected with TL1A and
CD20 and treated with C03V (Fig. 8B), but was induced when
the cells were treated with rituximab.

C03V potently ameliorates disease pathology in rat
models of colitis

Because TL1A has a well-described role in gut pathology, C03V
was tested in models of IBD. Based on binding of C03V to rat

Figure 2. The affinity of C03V for human TL1A was determined using KinExA. A: C03V/TL1A KD determination with C03V as the constant binding partner (CBP). Equilib-
rium curves were generated with 15, 50 and 150 pM C03V. B: C03V/TL1A KD determination with TL1A as the CBP. Equilibrium curves were generated with 30, 100 and
300 pM TL1A. Table: KD values were determined using n-curve analysis of the equilibrium curves and an average KD value determined for each experiment. Five separate
experiments were performed using C03V as the CBP and 3 separate experiments using TL1A as the CBP.

Figure 3. C03V inhibits TL1A binding to DR3 to a greater extent than to DcR3 as
measured by competition ELISA (n D 3; median§range). Representative plot from
three independent experiments.
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TL1A (Fig. 1) and its potent inhibition of rat TL1A in the TF1
cell-based activity assay (IC50 of 559 pM, data not shown) but
not mouse TL1A (IC50 of > 10,000 pM, data not shown), rat
was selected as the pharmacological test species for these IBD
(and asthma) models.

In a standard 7 day model of TNBS–induced colitis, animals
were treated with either C03V or an isotype control antibody.
Treatment with C03V significantly ameliorated the decrease in
colon length, and the increase in colon weight, colon wall thick-
ness and ulceration induced by TNBS. C03V also significantly

reduced stricture severity and number of adhesions (Fig. 9A-
C). C03V treatment significantly reduced the overall clinical
disease score compared to treatment with vehicle (p<0.0001)

Figure 4. A) Kinetic analysis of anti-TL1A antibody C03V binding to variants of TL1A measured by SPR (duplicate runs shown) (RU – response units) B) The X-ray crystal
structure of TL1A (PDB: 2RE9) showing ARG32 (R32) and ARG85 (R85) in yellow on one of the monomers in TL1A. Ribbon colors indicate secondary structure type, grey
indicates other TL1A monomers in the trimeric TL1A structure; C) An ELISA measuring the binding of TL1A, TL1A-R32A and TL1A-R32A to DR3 and DcR3.

Figure 5. Recombinant human TL1A is able to induce apoptosis in cycloheximide-
treated human TF-1 cells. C03V was compared to 4 other anti-TL1A antibodies
(n D 8 for C03V, n D 3 for Anti-TL1A #2, Anti-TL1A #3, Anti-TL1A #4, n D 4 for
Anti-TL1A #1; mean § SD).

Figure 6. C03V binds to soluble and membrane-bound TL1A expressed by primary
human peripheral blood mononuclear cells (PBMC). Soluble TL1A was detected by
ELISA using C03V as a capture antibody. For binding experiments, C03V was conju-
gated to Alexa fluor� 488 and TL1AC represents cells that bound to C03V. A)
Secreted TL1A detected in cell culture supernatants of human PBMCs stimulated
with immune complexes (n D 3 donors, mean C SEM). (B) Representative histo-
gram of C03V binding (solid line) and isotype control (broken line) to membrane-
bound TL1A on peripheral blood mononuclear cells isolated from human donors.
Cells were analysed by gating for single, live cells (n D 3 donors corresponding to
donors from (A)).
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or isotype control (p<0.01) (Fig. 9D). Treatment with isotype
control antibody appeared to improve some disease parameters
compared with vehicle, but these differences did not reach sta-
tistical significance. We have frequently observed some level of
isotype control effect in colitis models in the rat, but these tend
to be much less marked than the effects of targeted treatment.

Additionally, histopathological assessment of colon sections
revealed significant reduction in inflammatory infiltrate and
fibrosis in animals treated with C03V (Fig. 9E and F).

In order to further investigate the effects of C03V on colonic
ulceration and repair, a study was initiated using 2, 4-dinitro-
benzenesulfonic acid (DNBS), which has lower chronic toxicity
and a longer disease window than TNBS; cohorts of animals

were observed out to both 7 and 14 days. In this model, weight
loss was transient and animals rapidly gained weight after the
initial loss without any differences observable between any
groups including na€ıve animals. Similarly, induction of diar-
rhoea was transient and there were no statistically significant
differences observable between any groups (data not shown). A
significant shortening of colon length was observed for DNBS-
induced animals treated with either vehicle (13.5§0.8 cm) or
isotype control (14.7§0.9 cm) compared with na€ıve
(16.5§1.7 cm). Treatment with C03V normalized colon length
(16.0§0.9 cm).

There was some fibrosis observed in na€ıve animals on day 7,
attributable to the ethanol instillation. This effect may confound
some of the 7 day results, but is gone by day 14. Although only a
modest reduction in fibrosis was observed in C03V-treated ani-
mals after 7 days, this reduction was much more marked at
14 days, and C03V-treated animals showed evidence of reduced
fibrosis induction and restored colonic epithelial architecture in
the affected areas (Fig. 10). In contrast, although there was some
effect from the isotype control between 7 and 14 days, this did not
reach statistical significance and restoration of colonic architecture
in affected areas was not apparent.

C03V potently ameliorates disease in a rat model
of asthma

Given the strong association between TL1A and various aspects
of asthma pathology, C03V was tested in an ovalbumin (OVA)-
induced asthma model in Brown Norway rats. Bronchoalveloar
lavage fluid (BALF) was assessed for total and differential cell
numbers. Lung histopathology was assessed from hematoxylin
and eosin (H&E), Masson’s trichrome (M-T, for assessment of
fibrosis) and periodic acid-Schiff (PAS, for assessment of
mucus production) stained sections. Animals were treated with
either C03V or an isotype control antibody weekly from days
14 to 35 of the study.

Airways total cell and eosinophil numbers are used as indica-
tors of inflammation in both human asthma and animal models.22

OVA-challenged rats had significantly increased BALF total cells
and eosinophils and these counts were significantly reduced by
treatment with C03V (p<0.001). There was also some reduction
observed in isotype control-treated animals, but this did not reach
statistical significance (Fig. 11A, B). There was no modulation of
other cell types in the BALF by C03V.

Figure 7. Blood samples from four human donors were analyzed for C03V inhibition of TL1A induced IFNg production. Graph: C03V dose response curves were generated
by plotting concentrations of IFNg in pg/mL against the log of antibody concentrations. An isotype control antibody failed to inhibit IFNg production more than 50%
across the concentration range tested (2 technical replicates per donor, graph is representative of four donors). Table: C03V demonstrated a dose-dependent inhibition of
IFN-g production with IC50 values in the range of 0.054–0.165 nM.

Figure 8. (A) Non-transfected EXPI293F cells did not show any induction of ADCC
when treated with C03V or rituximab; (B) CO3V did not induce ADCC on cells co-
transfected with TL1A and CD20 at any tested concentration but rituximab did
induce ADCC activity on co-transfected EXPI239F cells. These results are represen-
tative of 3 independent experiments.
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Overall, histology showed mild induction of airways pathol-
ogy: parameters elevated in untreated animals by this asthma
protocol were mucus production (score of 1.7 versus 0.5 in
na€ıve), mucosal thickness (score of 1.7 versus 0 in na€ıve) and
fibrosis (score of 0.7 versus 0 in na€ıve). There was no observable
fibrosis in the C03V-treated group (Fig. 11C), but the mucus
production and mucosal thickening scores were indistinguish-
able from vehicle- and isotype control-treated groups (data not
shown).

Discussion

Although biologics have profoundly advanced the treatment
of inflammatory diseases in recent years, there is still signif-
icant unmet need for new therapies that address such
aspects as therapy-nonresponsive populations, for patholo-
gies not improved by existing drugs, e.g., fibrosis, and for
reduced immunosuppression.

TL1A is an attractive target for multiple reasons: 1) its close
association with mucosal immunology suggests blocking it may
provide a potential benefit for inflammatory diseases involving
mucosal surfaces, e.g., IBD and asthma; 2) its role as an
immune amplifier suggests that it should be possible to dampen
excess immune activation without affecting baseline immunity;
3) the TL1A-DR3 pathway has been specifically implicated in
the fibrotic aspects of Crohn’s disease, and TL1A blockade has

been shown to be effective not only at inhibiting ongoing fibro-
sis, but also the higher hurdle of reversing established colonic
fibrosis, as shown in the DSS-induced mouse model of Crohn’s
disease12; and 4) the existence of the decoy receptor DcR3
raises the possibility that an antibody could be developed that
blocks TL1A-DR3 cognate signaling without complete inhibi-
tion of TL1A-DcR3 engagement, thereby allowing some preser-
vation of endogenous TL1A inhibition and yielding enhanced
blockade. Given the utility of blocking the TL1A pathway in
IBD and asthma, we sought to develop a neutralizing antibody
to exploit these attractive features.

Here, we report the characterization of C03V, a human anti-
body, which binds with high affinity (41 pM) and selectivity,
and neutralizes TL1A bioactivity. Affinity determination by
KinExA measuring free analyte after interaction equilibrium
allows accurate measurements of affinity even in circumstances
where avidity contributes to the binding, such as in this
instance where TL1A is trimeric and the antibody is dimeric.
Selectivity evaluation by SPR showed that, despite the high
homology between members of the TNF ligand superfamily,
there was no binding observed to known TNF superfamily
member ligands. C03V is thus a high affinity antibody with
exquisite selectivity for TL1A.

Given the respective roles of the two TL1A receptors, DR3 in
proinflammatory signaling and DcR3 as a natural antagonist
of this system, an antibody that preferentially inhibits the

Figure 9. Macroscopic (A-D) and microscopic (E-F) assessment of colons from TNBS-induced colitis rats 7 days after a single TNBS instillation. Rats exhibited significant
colon thickening at site of instillation, with stricturing and multiple adhesions. Microscopically, extensive inflammation and intermediate fibrosis are seen. Treatment with
C03V significantly ameliorated these disease parameters compared with either vehicle or isotype control. (� na€ıve; & vehicle;; ^ isotype; ~ C03V plotted as individual
replicates with mean§S.E.M indicated. P<0.05 taken as statistically significant. Kruskall-Wallis test; n D 8).
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TL1A-DR3 interaction while allowing the TL1A-DcR3 interac-
tion would be highly desirable, effectively enabling dual modes
of TL1A blockade. Based on the X-ray crystal structure of TL1A
in complex with DcR3, Zhan et al. concluded that DR3 and
DcR3 have distinct but overlapping binding sites on TL1A.23

Despite this overlap, during our antibody discovery campaigns
we were able to identify an antibody with preferential DR3 inhi-
bition. We show that C03V is able to inhibit TL1A binding to
DR3 to a greater extent than DcR3 (78-fold), and we have identi-
fied a site on TL1A to which the C03V antibody binds that pref-
erably disrupts the DR3 interaction over the DcR3 interaction.
This supports the hypothesis that, although DcR3 competes
with DR3 for TL1A binding, the two do not share identical
molecular footprints. Alanine scanning of the TL1A sequence
identified TL1A-R32 as a critical residue for C03V binding.
When substituted, this residue resulted in a 50% decrease in
TL1A binding to DR3, but no decrease in DcR3 binding. There-
fore, the epitope encompassing TL1A-R32 is a critical region
involved in DR3 binding and confers on C03V a DR3>DcR3

selective inhibition profile. The residual DcR3 activity associated
with this binding profile could contribute to homeostasis of
TL1A and other DcR3 ligands FAS Ligand and LIGHT.

C03V, an antibody with high affinity and ability to preferen-
tially block TL1A-DR3, was tested for functional activity in a
TL1A-induced apoptosis assay using the TF-1 cell line. We
compared the activity of C03V with antibodies publicly
disclosed as inhibitors in this assay, including one that has pro-
gressed to clinical trial. With an IC50 value of 12 pM, C03V was
the most potent antibody at inhibiting TL1A-mediated
apoptosis, being 43-fold more potent than the next most potent
anti-TL1A comparator.

Whereas recombinant TL1A was used to evaluate C03V in
the TF-1 functional assays, primary human blood cells were
used to confirm that C03V could recognize and inhibit native
TL1A. Native TL1A was detected with C03V, both as a secreted
form from stimulated cell culture supernatants, and as a mem-
brane-bound form by flow cytometry on human PBMCs. Func-
tional inhibition of endogenous TL1A activity was also

Figure 10. Ongoing colonic fibrosis and epithelial erosion is induced by a single instillation of DNBS. A. Fibrosis scoring at 7 and 14 days post-DNBS. The only significant
effect was observed in the C03V treatment group which had reduced fibrosis after 14 days (compared to 7 days). (student’s t-test; n D 8). B. Representative photomicro-
graphs of Masson’s trichrome staining of colon sections from ulcer (DNBS instillation) area. Vehicle and isotype control-treated rats had comparable degrees of epithelial
erosion, inflammatory foci (arrows) and mild-moderate fibrosis (arrowheads) at both 7 and 14 days post-DNBS. In contrast, C03V D treated rats had significantly reduced
fibrosis and restored epithelial architecture at 14 days.
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demonstrated: IC50 was 128 pM for inhibition of TL1A-
induced IFNg production in human PBMC culture. This data
indicates that C03V is capable of inhibiting TL1A in an ex vivo
human system and provides support for the investigation of
C03V in humans.

Because C03V is a human IgG1 antibody and TL1A exists in
a membrane-bound form, it has the potential to mediate
ADCC. However, C03V did not induce detectable ADCC on
TL1AC cells despite ADCC being readily inducible by a posi-
tive control anti-CD20 antibody. We have not ruled out the
possibility that the mechanism causing lack of ADCC is rapid
internalization of anti-TL1A/membrane TL1A complexes, as
has been described for anti-TNF/membraneTNF complexes.24

Furthermore, C03V did not induce complement-dependent
cytotoxicity (CDC) on TL1AC cells using human serum as the
source of complement (data not shown). Therefore, it is
unlikely that C03V would lead to direct antibody-mediated
depletion of immune cell types expressing membrane-bound
TL1A, and it is more likely that the primary mode of action is
via inhibition of TL1A binding to DR3.

Given the strong association between TL1A and mucosal
immunity, C03V was tested in models of both IBD and asthma.
In these models, antibody dosing was “semi-therapeutic”, i.e.,
treatment commenced after disease induction but prior to the
development of frank disease. We consider this similar to what
would be expected for clinical use of these antibodies, whose
role would be one of chronic prophylaxis rather than treatment
of acute exacerbations. One of the limitations of using rat mod-
els is that it is not possible to examine the therapeutic potential
of preferential blockade of DR3 over DcR3 by C03V as there is
no evidence that rats (or mice) have DcR3.25 Nevertheless,
rodent models of IBD and asthma have been used extensively
to assess TL1A-DR3 antagonists, as we described in the
Introduction.

In colitis models C03V dosing commenced on day 2, where
significant histopathology has been reported for this type of
model,26 and in asthma models treatment was commenced
after antigen sensitization but prior to antigen challenge, a
regime consistent with the clinical use of antibodies for asthma
therapy.

Because existing literature has highlighted the potential for
TL1A blockade to prevent and even reverse colonic fibrosis,12

we focused on the macroscopic and microscopic aspects of coli-
tis. In these colitis models, C03V significantly ameliorated mul-
tiple aspects of disease pathology. In addition to improvement
in colon inflammation, there was evidence of a meaningful
effect on both stricturing and fibrosis, two elements of inflam-
matory bowel diseases that have no effective therapy to date.
The longer duration of the DNBS-induced colitis study
(14 days vs 7 days for TNBS-induced colitis) provided a greater
window to assess the possibility that C03V treatment could not
only prevent the progression of fibrosis, but also reverse estab-
lished fibrosis to some extent. Some isotype control effect was
observed in these colitis models, although the effect was always
less than observed for the targeted C03V and did not reach sta-
tistical significance for any measure. We have observed this
phenomenon in multiple colitis studies with this and other iso-
type control antibodies. It is dose-related, i.e., the magnitude
increases with antibody dose, and is conceivably a genuine ther-
apeutic effect. Intravenous immunoglobulin therapy (IVIG) is a
recognized treatment for IBD27 and it is possible that in this
context, the isotype control antibodies are having some level of
IVIG-like effect.

The promising results in colitis models led us to further
investigate the effects of C03V on mucosal inflammation of the
respiratory system. In an ovalbumin-induced asthma model in
rats, C03V significantly reduced airways inflammation. This
was most readily observed in BALF, where a significant influx
of eosinophils was seen for untreated and isotype control
treated animals, but not for C03V-treated animals. As this is
considered a model for eosinophilic asthma, reduction of lung
eosinophil numbers to near-na€ıve levels is highly relevant to
the disease state. The C03V treatment group showed no fibro-
sis, although it should be noted that the level of structural
change in control-treated animals was relatively low.

In both types of disease model, the reduction in fibrosis
observed after C03V treatment was notable. Although
fibrosis induction was modest in the asthmamodel, robust fibrosis
was induced in the colitis models, and C03V treatment

Figure 11. Assessment of BALF total cells (A) and eosinophils (B), and interstitial
fibrosis by Masson’s trichrome staining (C). Treatment with C03V significantly
reduced induction of total cells (p<0.01) and eosinophils (p<0.001) in BALF (Krus-
kall-Wallis test; n D 8), and abrogated the very mild induction of fibrosis. (� na€ıve;
& vehicle;~ C03V;^ isotype).
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demonstrated a reduction in fibrosis between 7 and 14 days post-
induction. This supports the previously reported role of TL1A
blockade as anti-fibrotic.12

In conclusion, we identified a novel, human antibody, C03V,
that binds to an epitope on TL1A allowing for highly potent
and selective neutralization of DR3 signaling. We provide
evidence for its utility in the treatment of diseases involving
TL1A dysregulation, including disease with a fibrotic compo-
nent. C03V has the potential to address unmet medical need in
asthma and IBD, and other diseases in which TL1A contributes
to pathology.

Materials and methods

Generation of TL1A and variants

The amino acid sequences of human, dog, cat, pig, cynomolgus
monkey, guinea pig, rabbit, rat and mouse TL1A were obtained
from UniProt (http://www.uniprot.org/).

TL1A was produced using the mammalian HEK293E/pTT5
expression system28 from an expression cassette encoding the
extracellular domain of TL1A with N-terminally located HIS
and FLAG tag. HEK293E cells were cultured in complete cell
growth media (1 L of F17 medium (Thermo), 9 ml of Pluronic
F68 (Thermo), 2 mM glutamine containing 20% (w/v) Tryp-
tone NI (Organotechnie) with GeneticinTM (Thermo)) at
50 ml/100 ml culture. On the day before transfection, cells were
harvested and resuspended in fresh media without Genet-
icinTM. For transfection, DNA was mixed with FreeStyle MAX
reagent and added to the culture drop-wise. The culture was
incubated overnight at 37�C, 5% CO2 and 120rpm without
GeneticinTM. The next day 12.5 ml of Tryptone and 250 ml of
GeneticinTM were added per 500 ml culture. The culture was
incubated at 37�C, 5% CO2 and 120rpm for seven days, then
the supernatants were harvested and purified.

Culture supernatant containing the secreted TL1A protein
was harvested by centrifugation at 2000g for 10 min to remove
the cells. The TL1A protein was purified from the supernatant
using a HisTrapTM HP column following the manufacturer’s
instructions (GE Healthcare). The eluted protein was buffer-
exchanged into phosphate-buffered saline (PBS) using a
HiLoad 16/60 Superdex 200 preparatory grade column (GE
Healthcare) and the »70kDa fraction was separated by gel fil-
tration on a HiLoad 26/60 Superdex 200 prep grade column
(GE Healthcare).

Variants of TL1A with single substitutions of solvent
accessible residues identified from PDB:2RE9 were generated
by gene synthesis and purified according to the methods
described above. The amino acid position numbering of TL1A
variants was that used by Jin et al.29

Expression and purification of monoclonal antibody C03V
and other anti-TL1A antibodies

The heavy and light chain variable regions of antibody C03V
were isolated from a fully human phage display library. The
heavy chain variable region was subcloned into a mammalian
expression vector containing a human IgG1 constant region to
produce a full-length antibody heavy chain. Similarly, the light

chain lambda variable region was subcloned into a mammalian
expression vector containing a human lambda light chain con-
stant region. Antibodies were produced by co-transfecting
antibody heavy and light chains into EXPI293� cells (Life
Technologies, A14527) following the manufacturer’s instruc-
tions. Cultures were harvested at approximately 72 h post-
transfection by centrifugation at 3000g for 20 min, and
supernatants were filtered using a 0.22 mm filter (Corning).
The antibody was purified from supernatant using MABSE-
LECT SURE� protein A resin (GE Healthcare) following
manufacturer’s instructions. Antibodies were desalted into
Sørensen’s PBS (59.5 mM KH2PO4, 7.3 mM Na2HPO4.2H2O,
145.4 mM NaCl (pH »5.8)) using PD-10 columns (GE
Healthcare).

Other anti-TL1A antibodies were identified through a search
of patent filings. Anti-TL1A #1 is antibody 1D1 1.31 as
described in WO 2015/073580 A1 (VH is SEQ ID NO: 226; VL
is SEQ ID NO: 22) and is the subject of a clinical trial
(NCT01989143). Anti-TL1A #2 is humanized 1B4 as described
in U.S. Pat. No. 8,263,743 (VH is SEQ ID NO: 74; VL is SEQ
ID NO: 75). Anti-TL1A #3 is antibody VH5/VL1 from U.S.
Publ. No. 2014/0308271 (VH is SEQ ID NO: 24; VL is SEQ ID
NO: 17). Anti-TL1A #4 is antibody 1681N described in U.S.
Pat. No. 8,642,741 (VH is SEQ ID NO: 18; VL is SEQ ID NO.
26). The variable regions were synthesized de novo and then
subcloned into mammalian expression vectors, and expressed
and purified as described above.

General methods for SPR analysis

Analysis was performed on a Biacore T200 (GE Healthcare). A
CM5 Series S sensor chip (GE Healthcare) was coupled with 3000
RU of Protein A (Thermo) onto flow cell 1 (FC1) and 2 (FC2) or 3
(FC3) and 4 (FC4) using a standard amine coupling kit following
the chip manufacturer’s recommendations (GE Healthcare). A
startup cycle was included at the beginning of each experiment.
This included three injections of regeneration solution (10 mM
glycine-HCl pH 2.0) for 30 sec at a flow rate of 30 mL/min. The
surface was regenerated at the beginning of each cycle.
HBS-EPC running buffer (0.01 M HEPES, 0.15 M NaCl, 0.05%
Surfactant P20, 3mM EDTA, pH 7.4; GE Healthcare) was filtered
and degassed. Data was corrected for bulk shift and refractive
index changes by subtraction of the signal from the reference FC1
from the active FC2. All data was exported to, and sensorgram
plots generated by, GraphPad Prism�.

SPR binding of C03V to different species TL1A

The different species TL1A were diluted in running buffer to a
final concentration of 2 mg/mL. C03V was diluted in running
buffer to a final concentration of 2 mg/mL. All proteins were
kept at 10�C during assay runs.

Antibody was captured onto a protein A surface on FC2 for
30 sec at a flow rate of 30 mL/min to a final response level of
450 RU. FC1 was used as a reference surface. TL1A was injected
across FC1 and 2 at a concentration of 2 mg/mL for 45 s, and
allowed to dissociate for 600 sec in running buffer. Finally, at
the end of each cycle the chip was regenerated as described
above.
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SPR for TNF superfamily members

Eighteen TNF ligand superfamily member proteins were
screened for binding to C03V. This approach used a CM5 sen-
sor chip coated with protein A to capture antibody and
subsequently screen against the various TNF superfamily mem-
bers. In addition to TL1A, the following TNF superfamily
members (all purchased from R&D Systems, unless specified)
were screened in this format; TNF-a (210-TA), GITR ligand
(6987-GL), 4-1BB ligand (2295-4L), CD30 ligand (1028-CL),
CD40 ligand (6420-CL), LIGHT (664-LI), TRAIL (375-TL),
APRIL (5869-AP), BAFF (2149-BF), EDA-A1 (3944-ED),
EDA-A2 (922-ED), RANK ligand (390-TN), OX40 ligand
(1054-OX), Lymphotoxin a (eBiosciences, BMS302), Lympho-
toxin b (679-TX) and FAS ligand (126-FL). A Biacore T200
(GE Healthcare) using the running buffer 1X PBS (Hyclone)
containing 0.1% bovine serum albumin (BSA) to reduce non-
specific binding. Regeneration solution was 50 mM glycine-
HCl pH 2.0. All buffers and solutions were filtered and
degassed using 0.22 mm filter units before use. All proteins
were diluted into assay running buffer. Antibody C03V was
diluted to 2 mg/mL and TNF ligand superfamily member pro-
teins were diluted to 5 mg/mL. Antibody C03V was captured
onto the protein A surface of FC2 using a flow rate of 30 mL/
min. The response was approximately 475 RU for all cycles.
FC1 was used as a reference surface without antibody. Each
TNF superfamily ligand was screened at a concentration of
5 mg/mL by injection across FC1 and FC2 for 30 sec with a dis-
sociation phase of 60 s. At the end of each cycle, the ligand and
antibody were stripped from the protein A surface with regen-
eration solution. Regeneration solution was injected for 60 sec
at a flow rate of 30 mL/min across FC1 and FC2.

C03V interaction with TWEAK required the development
of a separate assay due to non-specific interactions of TWEAK
with the CM5 chip surface. This experiment involved the
reversible capture of TWEAK (R&D Systems, 1090-TW) and
TL1A through the poly-histidine tag using an NTA sensor chip
(GE Healthcare). For this experiment the running buffer was
HBS-PC [10 mM HEPES, 150 mM NaCl, 0.05% P20 pH 7.4],
and the regeneration solutions were 500 mM EDTA and
100 mM NaOH (Sigma-Aldrich). 500 mM nickel sulfate
(Sigma-Aldrich) was used to recharge the chip between runs.
TWEAK and TL1A capture proteins were diluted to 2 mg/mL,
and C03V was diluted to 5 mg/mL, in running buffer. 500 mM
nickel sulfate was injected over FC1 and FC2 at 10 mL/min for
60 s. TWEAK or TL1A (2 mg/mL) was injected over FC2 at
30 mL/min. C03V at 5 mg/mL or buffer blank was injected for
60 sec at 30 mL/min over FC1 and FC2, a dissociation time of
60s was followed by 30 sec injection of 500 mM EDTA pH 8.0
over FC1 and FC2 at 30 mL/min and 100 mM NaOH for 60 sec
over FC1 and FC2 at 30 mL/min.

CD27 ligand-Fc (Enzo LS, ALX-522-029) was screened in a
separate assay because it is expressed as a Fc construct and
does not have a HIS tag. C03V was captured using an anti-
lambda light chain antibody. Soluble CD27 ligand and TL1A in
solution were screened across the captured C03V or isotype
control antibody. A CM5 series S chip was immobilized with
10,000 RU of anti-human lambda light chain antibody (Sigma
Aldrich, L1645) using a standard amine-coupling kit (GE

Healthcare). The surface was blocked with ethanolamine-HCl
then with a 5 min injection of 1% BSA (w/v) diluted into run-
ning buffer. Antibody C03V was diluted to 5 mg/mL and CD27
ligand and TL1A were each diluted to 10 and 1 mg/mL. C03V
or isotype control was captured onto FC2 at 10 mL/min. CD27
ligand and TL1A were injected onto FC1 and FC2 at variable
concentration for 60 sec association and 180 sec dissociation.
FC1 and FC2 were regenerated with 15 sec injection of 10 mM
Glycine-HCl pH 2.0.

SPR for binding to TL1A variants

Analysis of the variants TL1A-R32A, TL1A-R85A and double
variant, R32A/R85A binding to C03V was performed using
methods as described in the general methods section, except
that 100 mM citric acid pH 2.0 was used for regeneration.
C03V was captured on FC2 at 100 mg/mL to a capture level of
800 RU and the TL1A variants were injected over FC1 and FC2
at 5 mg/mL for 60 s, and allowed to dissociate for 300 s. Cycles
were performed in duplicate and all sensorgrams were double
reference subtracted.

KinExA analysis of C03V binding to human TL1A

Method with C03V as constant binding partner

Time to reach equilibrium with C03V as constant binding part-
ner. First, the Kon rate for the C03V/TL1A interaction was
measured. Briefly, a solution was prepared by mixing C03V
and TL1A, and aliquots were removed at various time points
over 3 h. Free C03V was captured by passing the solution over
a column packed with Sepharose beads coated with 20 mg/mL
TL1A. Captured C03V was detected with an Alexa Fluor�

647-conjugated anti-human antibody (0.5 mg/mL, Jackson
ImmunoResearch, 109-605-003). The Kon rate was then used to
estimate the time required to reach equilibrium at various con-
centrations of C03V using the theoretical binding curve tool
provided on the Sapidyne website (www.Sapidyne.com).

KD determination with C03V as constant binding partner.
C03V was diluted in assay buffer (DPBS supplemented with
1 mg/ml BSA) to final concentrations of 15, 50 and 150 pM.
Human TL1A was diluted in assay buffer to create a concentra-
tion series from 0.1 to 3000 pM.

Using the time to reach equilibrium determined above,
curves that contained either 50 or 150 pM C03V were allowed
to equilibrate in a 25�C incubator for 2 days. Curves that con-
tained 15 pM C03V were allowed to equilibrate in a 25�C incu-
bator for 3 days. Following the equilibration period, the free
fraction of C03V in each reaction was quantitated as described
above. The KD values were determined using n-curve analysis
of equilibrium curves generated with 15, 50 and 150 pM C03V.

Method with TL1A as constant binding partner

Time to reach equilibrium with TL1A as constant binding
partner. The time to reach equilibrium in this orientation was
estimated using the Kon for the C03V/TL1A interaction
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determined as described above. In this format, the free fraction
of TL1A was captured by passing the solution over a column
packed with PMMA beads coated with 30 mg/mL C03V. Cap-
tured TL1A was detected with an anti 6x-his DyLight 650 anti-
body (0.75 mg/mL, Pierce, MA1-21315-D650).

KD determination with TL1A as constant binding partner.
Human TL1A was diluted in assay buffer to final concentra-
tions of 30, 100 and 300 pM. The titrant, C03V, was diluted in
assay buffer to create a concentration series from 0.05 to 5000
pM.

Using the time to reach equilibrium determined above, all
concentrations were allowed to come to equilibrium in a 25�C
incubator for 3 days. Following the equilibration period, the
free fraction of TL1A in each reaction was quantitated as
described above. The KD values were determined using n-curve
analysis of equilibrium curves generated with 30, 100 and 300
pM TL1A.

Receptor neutralization assays

C03V and an isotype control antibody were assessed for their
ability to inhibit binding of TL1A to its receptors in a competi-
tion ELISA. DR3-Fc (R&D Systems 943-D3) or DcR3-Fc (R&D
Systems 142-DC) at 2 mg/ml was coated onto a 96-well plate
(Maxisorp, Nunc) at 4�C overnight, and then next day plates
were washed and blocked in a solution of PBS with 1% w/v
BSA. Serially diluted antibodies were pre-incubated with sin-
gle-site biotinylated human TL1A 1mg/ml for 30 min then
added to the DR3-Fc or DcR3-Fc coated wells. Bound TL1A
was detected using streptavidin-HRP (BD Biosciences 554066)
1:2000 and visualized with TMB liquid substrate (Sigma
T0440). TMB reaction was stopped with 1 M hydrochloric acid
after 5 min exposure in DcR3 assays and 15 min exposure in
DR3 assays. The data were normalized by expression as a per-
centage of maximum binding of TL1A to receptor in the
absence of C03V. A similar method was used for the determi-
nation of the binding of the variants TL1A-R32A and TL1A-
R85A to DR3 and DcR3 with the omission of the antibody
C03V.

TF-1 cell-based potency assays

Anti-TL1A antibodies were expressed (see above), and assessed
for their ability to neutralize TL1A-induced apoptosis in cyclo-
heximide-stressed TF-1 cells. TF-1 cells (ATCC CRL 2003)
were plated at 30,000 cells/well in 96-well solid white polysty-
rene plates (Costar), and cycloheximide was added to achieve a
final concentration of 66 nM. A titration of antibody was pre-
pared by 4-fold dilution and added to the TF-1 cells with
recombinant human TL1A at the EC50 concentration as deter-
mined on the same day. Plates were incubated for 6 h at 37�C
in a humidified incubator with 5% CO2, then the Caspase
3 Activity Assay (Roche 12012952001) was used to detect apo-
ptosis. Plates were read with the Envision plate reader (Perkin
Elmer) for fluorescence using the filter settings recommended
by the kit manufacturer. The data was analyzed using Graph-
Pad Prism 7.01�.

Flow cytometric analysis of C03V binding to primary
human cells

PBMCs were isolated from buffy coats by density centrifugation
using Lymphoprep (Stemcell Technologies). Diluted buffy coats
were layered over Lymphoprep and centrifuged at 450g for
30 min at room temperature with no brake, then PBMCs were
removed from the blood-Lymphoprep interface. Cells were
washed twice in PBS (1X Hyclone) with 2 mM EDTA (Thermo
Fisher) before resuspension in 20mL MACS buffer (1 X PBS
(Hyclone, 0.5% w/v BSA (Sigma Aldrich), 2 mM EDTA (Sigma
Aldrich)).

Viable cell concentrations were determined by Trypan Blue
exclusion using the TC20TM Automated Cell Counter (Bio-
Rad) as per manufacturer’s instructions, and the cell concentra-
tions for each donor were adjusted to 1.25 £ 108 viable cells/
mL in MACS buffer. The cells were incubated with CD14
microbeads (Miltenyi Biotech, 130-050-201) and washed
according to manufacturer’s protocol. Briefly, 20mL of CD14
microbeads were added per 107 total cells. Cells and microbeads
were mixed well and incubated for 15 min at 4�C. After incuba-
tion, the cells were washed and positive magnetic separation
was conducted using LS columns on the QuadroMACS separa-
tor (Miltenyi Biotech). CD14-enriched cells were collected and
centrifuged at 300g for 5 min to remove MACS buffer. The cells
were resuspended in 10mL of complete RPMI medium for cell
counts and further downstream analysis.

Viable cell concentrations of CD14-enriched cells were
determined as described above.

An aliquot of the cells from each donor was kept aside for
flow cytometry analysis on the day of processing, and the
remaining cells incubated on immune complex-coated plates
for 24 h as described below, then harvested. The cells were used
for flow cytometric analysis and the supernatants were assessed
for soluble TL1A by ELISA (see below).

For flow cytometry, cells were added to 96-well round-bot-
tomed plates and centrifuged at 400g for 5 min at 4�C. Cells
were resuspended in 100 mL/well FACS buffer, and 100 mL/
well of FcR blocking reagent (Miltenyi Biotech, 130-059-901)
was added. Plates were incubated at 4�C for 10 min, then
washed by centrifugation at 400 g for 5 min at 4�C.

C03V was conjugated in-house using an Alexa Fluor 488
(A488) protein labelling kit (Thermo Fisher Scientific). After
conjugation, C03V-A488 was verified to bind to human TL1A
via SPR analysis. Cells were stained with anti-CD14-Pacific
Blue (BD Biosciences, 558121), 7AAD (BD Biosciences),
C03V-A488, and C3-IgG1-A488 (an anti-KLH isotype control
developed and produced in-house). The cells were incubated
with the antibodies for 20 min at 4�C then centrifuged at 400g
for 5 min at 4�C. Before sample acquisition, cells were resus-
pended in 100 mL/well FACS buffer. Samples were acquired on
a FACS CantoII flow cytometer (BD Biosciences).

Stimulation of CD14-enriched primary human cells
with immune complexes

To prepare immune complex-coated plates, 50 ml of human
IgG (Jackson ImmunoResearch, 009-000-003) 25 mg/mL in
PBS was added to each well of a 96-well flat-bottomed, tissue
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culture-treated plate and incubated for 2 h at room tempera-
ture. Plates were then washed twice in sterile PBS to remove
any unbound antibody. Mouse anti-human IgG (Jackson
ImmunoResearch, 209-005-082) was added 50ml/well at a con-
centration of 25 mg/mL. The plates were incubated for 1 h at
room temperature and then washed in sterile PBS to remove
unbound antibody.

CD14-enriched human cells were resuspended in RPMI
medium at a concentration of 5 £ 104/ml and 200 ml/well
added to the immune complex-coated plates. The plates
were incubated at 37�C in a 5% CO2 incubator for 18–24 h.
The supernatants were then harvested and assessed for soluble
TL1A by ELISA using C03V as capture antibody.

ELISA for detection of soluble TL1A

C03V was generated with an AviTagTM biotin-acceptor peptide
amino acid sequence on the C-terminus of the heavy chain and
was biotinylated using BirA biotin-protein ligase bulk reaction
kit (Avidity, LLC). The biotinylated C03V was verified via SPR
to bind to human TL1A. Additionally, C03V was shown to be
biotinylated by its binding to streptavidin-coated plates. C03V
was diluted to 1 mg/mL in PBS (Hyclone) and 50 mL per well
added to Maxisorp 96-well plates, which were incubated over-
night at 4�C. The following day, the plates were washed three
times in PBS containing 1 mL/L Tween-20 (Sigma Aldrich)
and were blocked by adding 200 mL/well of blocking buffer
(PBS, 1% w/v BSA) and incubating at room temperature for
1 h. Supernatant samples from unstimulated and immune com-
plex-stimulated cells were added to wells and a standard curve
generated using recombinant TL1A at concentrations from
1000ng/mL – 0.00095 ng/mL in assay diluent (PBS, 10 g/L BSA
and 1 mL/L Tween-20). 50 mL of samples or standards were
added to the wells of the blocked plates and incubated for 2 h
at room temperature. The plates were then washed 3 times, bio-
tinylated C03V was added at a concentration of 1 mg/mL in
50 mL of assay diluent, and the plates incubated for 1 h at room
temperature. After washing, streptavidin-horseradish peroxi-
dase (BD Biosciences, 554066) 1:2000 was added and incubated
for 30 min. Plates were then washed and visualised using TMB
liquid substrate (Thermo Fisher) detection. The reaction was
stopped with 1M hydrochloric acid after 10 min of develop-
ment. Plates were read on a Spectramax Plus 384 (Molecular
Devices) at 450nM and data was analyzed using GraphPad
Prism 7.01�.

Immune complex-induced TL1A activity assay using
human whole blood

Human whole blood samples were collected in BD Vacutainer
Sodium Heparin coated tubes (Becton Dickinson). Immune
complex-induced TL1A activity was assessed on the basis of
IFNg production from stimulated whole blood culture.

For stimulation of human whole blood with immune com-
plexes (IC), 96-well flat bottom tissue culture plates (Corning)
were coated with 50 mL of purified human IgG (Jackson Immu-
noResearch, 009-000-003) at 0.5mg/mL in PBS and stored
overnight at 4�C. Plates were washed with PBS and 50 mL
per well of purified mouse anti-human IgG (Jackson

ImmunoResearch, 209-005-082) was added at 0.04 mg/mL in
PBS and incubated for 2 h at 37 �C. Recombinant human IL-12
(R&D Systems, 219-IL) and IL-18 (R&D Systems, 9124-IL)
were mixed with blood to a final concentration of 0.5 ng/mL
and 5.0 ng/mL, respectively, and 95 mL of the blood/cytokine
mixture added to each well of the IC coated plate. To assess the
inhibitory potency of C03V, 5 mL of a titration of C03V or iso-
type control (effective concentration 200000 – 0.002 pM) were
added to IC coated wells containing blood/cytokine mixture
and incubated for 24 h at 37 �C and 5% CO2. Following incuba-
tion, blood cultures were centrifuged to harvest plasma for
quantification of IFNg using the Human IFNg DuoSet ELISA
kit (R&D Systems, DY285), according to the manufacturer’s
instructions. The optical density of each well was measured
using a Spectramax Plus plate reader (Molecular Devices). Data
summaries were prepared in Excel 2010 and analyzed using
GraphPad Prism�.

ADCC assays

EXPI293� cells (Thermo Fisher) were transfected with DNA
encoding full length TL1A and CD20 (as positive control)
(Geneart) according to the manufacturer’s instructions. Trans-
fected cells were harvested 18–24 h after transfection and ana-
lyzed by flow cytometry using C03V and rituximab (Biovision,
A1049) to detect TL1A and CD20, respectively. When cells
were confirmed positive for TL1A and CD20 expression, they
were used as target cells in the ADCC Reporter Bioassay Kit
(Promega, G7018). Antibodies were used at concentrations of
66000 – 0.17 pM for C03V and 6667 – 0.0171 pM for rituxi-
mab. Target cells were harvested at 18–24 h post-transfection,
washed with ADCC assay buffer, then resuspended to a final
concentration of 1 £ 106 viable cells/mL in ADCC assay buffer.
The effector cells were prepared according to manufacturer’s
instructions. Briefly, 3.6 mL of ADCC assay buffer was added
to 630 mL of ADCC Bioassay effector cells in a 15 mL tube and
mixed gently by pipetting. 25 mL of the effector cells were
added per well to the assay plates containing target cells and
antibody, giving a final ratio of 25,000 target cells to 75,000
effector cells per well. The plates were incubated for 6 h at 37�C
in a humidified CO2 incubator then equilibrated to ambient
temperature (22-25�C) on the bench for 15 min. 75 mL of Bio-
GloTM luciferase assay reagent was added per well and the
plates were incubated for 15 min at ambient temperature.
Luminescence was measured using GloMax Explorer (Manu-
facturer) with the preset protocol, “ADCC Reporter Bioassay”
at an integration time of 0.5s/well.

In Vivo studies

All studies were carried out at Association for Assessment and
Accreditation of Laboratory Animal Care International-accred-
ited facilities and were approved by the facility Institutional
Animal Care and Use Committee.

D/TNBS-induced colitis

Colitis was induced in Sprague-Dawley rats by a single intraco-
lonic instillation of TNBS or DNBS on day 0 of study. Animals
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were treated with C03V or an isotype control antibody by
intravenous injection at 5 mg/kg on days 2 and 6 of the TNBS-
induced colitis study and in the 7 day cohort of the DNBS-
induced colitis study, and on days 2, 6 and 10 in the 14 day
cohort of the DNBS-induced colitis study. For the DNBS-
induced colitis study, one cohort of animals was culled on day
7 and one on day 14.

Gross and histopathology assessment of colon samples was
done blinded using a scoring scale as specified in Table 1.
Adhesion, stricture, ulcer and wall thickness were assessed
macroscopically on whole, transected colon, fibrosis was scored
on Masson’s trichrome-stained sections taken through the
ulcerated area of colon.

OVA-induced asthma

Asthma was induced in Brown Norway rats by intraperitoneal
sensitization with chicken ovalbumin (OVA) on day 0 of study
and daily challenge with aerosolized OVAon days 35–42. Animals
were treated with C03V or an isotype control antibody (anti-KLH
isotype IgG1 developed and produced in-house) at 3 mg/kg by
intravenous injection on days 14, 21, 28 and 35 of study.

Abbreviations

ADCC antibody-dependent cell-mediated cytotoxicity
APRIL a proliferation-inducing ligand
BAFF B cell activating factor of TNF family
BALF bronchoalveolar lavage fluid
CBP constant binding partner
DcR3 decoy receptor 3
DR3 death receptor 3
DNBS 2, 4 –dinitrobenzenesulfonic acid
DSS dextran sodium sulfate
EDA ectodysplasin A
FAS first apoptosis signal
FC flow cell
GITR glucocorticoid-induced TNF receptor-related
IBD inflammatory bowel disease
IC immune complexes
IFN interferon
ILC2 group 2 innate lymphoid cell
IVIG intravenous immunoglobulin therapy
KinExA kinetic exclusion assay
LIGHT CD258
OVA Ovalbumin
RANK receptor activator of nuclear factor kB
RU response units
SPR surface plasmon resonance
TMB tetramethylbenzidine

TL1A TNF-like ligand 1A
TNBS 2, 4, 6 –trinitrobenzenesulfonic acid
TNF tumor necrosis factor
TRAIL TNF-related apoptosis-inducing ligand
TWEAK TNF-related weak inducer of apoptosis
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