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Biologic treatment options such as tumor necrosis factor (TNF) inhibitors have revolutionized the treatment of
inflammatory diseases, including rheumatoid arthritis. Recent data suggest, however, that full and long-lasting
responses to TNF inhibitors are limited because of the activation of the pro-inflammatory TH17/interleukin (IL)-17
pathway in patients. Therefore, dual TNF/IL-17A inhibition is an attractive avenue to achieve superior efficacy levels in
such diseases. Based on the marketed anti-TNF antibody adalimumab, we generated the bispecific TNF/IL-17A-binding
FynomAb COVA322. FynomAbs are fusion proteins of an antibody and a Fyn SH3-derived binding protein. COVA322
was characterized in detail and showed a remarkable ability to inhibit TNF and IL-17A in vitro and in vivo. Through its
unique mode-of-action of inhibiting simultaneously TNF and the IL-17A homodimer, COVA322 represents a promising
drug candidate for the treatment of inflammatory diseases. COVA322 is currently being tested in a Phase 1b/2a study in
psoriasis (ClinicalTrials.gov Identifier: NCT02243787).

Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory disease
that destroys joints. RA is thus associated with major consequen-
ces for the individual, causing loss of function and work disabil-
ity, and poses significant challenges to society, given its economic
consequences.1 Conventional disease-modifying anti-rheumatic
drugs (DMARDs) such as methotrexate are still the mainstay of
treatment for many inflammatory diseases including RA.2

Recently, biologic agents such as tumor necrosis factor (TNF)
inhibitors have become available and are recommended for
patients not responding to DMARDs.3,4 However, based on the
results of clinical trials, more than half of RA patients treated
with TNF blockers do not achieve a substantial response, defined
as 50% improvement according to American College of Rheu-
matology criteria (ACR50) or as a state of low disease activity.5

Furthermore, some RA patients treated with cytokine inhibitors
lose their responsiveness over time and need to switch to other
agents. Therefore, a high unmet medical need remains and alter-
native strategies to fight inflammatory and auto-immune disor-
ders are needed to further improve patients’ lives.

The pro-inflammatory cytokine interleukin (IL)-17 is secreted
by a variety of immune and non-immune cells including CD4C
Th17 T cells, and it has been shown to be an important contribu-
tor to the pathogenesis of several autoimmune diseases including
RA.6 Importantly, several preclinical and clinical studies suggest
that inhibition of both IL-17A and TNF may be superior and
more efficacious compared to the corresponding monotherapies.
For example, Wim van den Berg and colleagues demonstrated
in a collagen-induced arthritis model in mice that the dual
inhibition of TNF and IL-17A suppressed arthritic symptoms
more effectively than the inhibition of each cytokine alone.7
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Importantly, irreversible damage of the joints involving chondro-
cyte death, cartilage and bone destruction was prevented more
effectively by simultaneous inhibition of TNF and IL-17 com-
pared to monospecific blockade. Furthermore, Alzabin and col-
leagues showed that RA patients receiving TNF blockers had
elevated percentage of circulating Th17 cells within a few weeks
after onset of therapy, leading to the hypothesis that long-lasting
responses to TNF inhibition may be compromised by the induc-
tion of pathogenic Th17 cells.8 Therefore, dual TNF/IL-17A
inhibition may represent a very promising novel approach for the
treatment of rheumatoid arthritis, psoriasis and psoriatic arthritis.

Fynomers are small 7-kDa globular proteins derived from the
SH3 domain of the human Fyn kinase (Fyn SH3) that can be
engineered to bind with antibody-like affinity and specificity to
virtually any target of choice through random mutation of 2
loops (RT- and src-loop) on the surface of the Fyn SH3 domain.9

In the past, we have successfully isolated Fynomers binding to
mouse serum albumin,10 chymase,11 BACE2,12 and HER2.13

Recently, we described the isolation of high-affinity IL-17A-
binding Fynomers and Fc fusions thereof.14

Results

The anti-IL-17A Fynomer 11L5B06 (Fig. S1A, S1C) was
genetically fused to the C-terminus of the light chain of the human
anti-TNF antibody adalimumab to generate the bispecific anti-
TNF/IL-17A FynomAb COVA322 (Fig 1A). The Fynomer was
isolated using recombinant IL-17A as target antigen in phage dis-
play selections with a repertoire of mutated Fyn SH3-derived
domains.11 Fynomer 11L5B06 was produced at high levels
(> 35 mg/L) in E.coli shake flask cultures under non-optimized
conditions, and inhibited specifically IL-17A in a cell-based assay
(Fig. S1B). COVA322 was produced in transiently transfected
Chinese hamster ovary (CHO) cells and purified by standard pro-
tein A and size-exclusion chromatography (SEC) with a yield of
110 mg/l, which is comparable to the yield of unmodified adalimu-
mab produced in the same expression system. Figure. 1B shows the
analytical SEC profile of COVA322, which elutes as a single peak,
confirming the monomeric nature and the high purity of the Fyno-
mAb. The binding properties of COVA322 to human and cyno-
molgus IL-17A and TNF were analyzed by real-time interaction
analysis on a BIAcore chip with immobilized COVA322, revealing
picomolar binding affinities to human and cynomolgus TNF and
IL-17A (Fig. S2). In addition, COVA322 was able to bind both
TNF and IL-17A simultaneously (Fig. 1C). Importantly, the
fusion of a Fynomer to adalimumab did not change the antibody’s
TNF binding properties (Suppl. Table 1). TNF inhibition, as
determined in a standard L929 murine fibroblast cell assay,15 was
comparable between adalimumab and COVA322 (data not
shown). To test IL-17A inhibition by COVA322, normal human
dermal fibroblasts (NHDF) were stimulated with recombinant IL-
17A at a concentration of 64 pM in the presence of IL-1b, as this
cytokine pair acts in synergy. In this way, the cell inhibition assay
could be performed using very low IL-17A concentrations, provid-
ing the ability to determine low IC50 values. The calculated IC50

value of COVA322 for IL-17A inhibition was 121 pM (Fig. 1D).
Moreover, we confirmed the ability of COVA322 to simulta-
neously inhibit IL-17A and TNF (IC50 value of 169 pM) in an
assay using the human colorectal adenocarcinoma cells HT-29,
which were stimulated to produce Gro-a upon addition of both
cytokines (Fig. 1E). In addition, the ability of COVA322 to neu-
tralize peripheral blood mononuclear cell (PBMC)-derived human
IL-17A was evaluated. Purified human PBMCs were stimulated to
produce IL-17A as described in Gerhardt et al.16 The IL-17A-con-
taining supernatant of the PBMCs was then used to stimulate HT-
1080 cells to produce IL-6. In order to evaluate specifically IL-17A
inhibition by COVA322, the experiment was carried out in pres-
ence of an excess of adalimumab (anti-TNF antibody) and canaki-
numab (anti-IL-1b antibody) because the stimulated PBMCs
secrete considerable amounts of TNF and IL-1b. Figure. 1F shows
that COVA322 efficiently neutralizes human PBMC-derived IL-
17A. Additionally, the neutralizing activity of COVA322 to the IL-
17A homodimer, IL-17A/F heterodimer and the IL-17F/F homo-
dimer was compared. Fig. S3 shows that COVA322 inhibited the
IL-17A homodimer in a specific manner (IC50D 217 pM) and did
not cross-react with the IL-17F homodimer. The presence of 2 IL-
17-A binding Fynomers (Fig. 1A) allows COVA322 to avidly bind
and selectively inhibit the IL-17A/A homodimer, whereas the IL-
17A/F heterodimer is only weakly inhibited.(Fig S3)

Serum concentrations at different time-points after a single
intravenous (iv) injection of COVA322 in mice (Fig. S4) and
cynomolgus monkeys (Fig. 2) were determined by ELISA.
COVA322 and 2 widely marketed anti-TNF antibodies (adali-
mumab and golimumab) had comparable serum concentrations
in mice and cynomolgus monkey over several days, demonstrat-
ing that the fusion of a Fynomer to adalimumab did not have an
effect on its pharmacokinetic properties. Adalimumab is known
to be immunogenic in cynomolgus monkeys following a single iv
dose of 5 mg/kg, resulting in a fast clearance after about 14 d17

We also observed a drop in serum concentration after »2 weeks,
suggesting a similar degree of immunogenicity to that of adali-
mumab. However, further studies are needed to elucidate the
immunogenicity profile of COVA322, in particular in patients.
Mice treated with human IL-17A or TNF upregulate the chemo-
kine KC, which can be measured in serum.14 Here, we
investigated whether COVA322 can inhibit IL-17A- and TNF-
mediated KC up-regulation in vivo. When injected iv,
COVA322 completely abrogated KC induction by subcutane-
ously administered human IL-17A or TNF (Fig. 3), demonstrat-
ing the ability of COVA322 to inhibit human IL-17A and TNF
in an in vivo environment.

COVA322 was produced and purified under GMP conditions
with very high yields (3.3 g/l obtained from a 1000 l GMP run).
Of note, standard monoclonal antibody production protocols
and upstream/downstream purification processes could be
applied for the bispecific FynomAb COVA322. The overall pro-
cess from gene synthesis until drug product (COVA322) took
only 14 months, further demonstrating the robustness of the bis-
pecific FynomAb platform. The pivotal nonclinical safety
package to support the first-in-human study of COVA322 was a
4-week Good Laboratory Practice (GLP) repeat-dose toxicity
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study in cynomolgus monkeys testing weekly iv doses of 5, 25
and 100 mg/kg. Toxicokinetic analyses of COVA322 demon-
strated IgG-like pharmacokinetics comparable to that of adali-
mumab in cynomolgus monkeys. Cmax and AUC increased in a
dose-proportional manner, and the terminal disposition half-life
calculated was »2–3 weeks. Table 1 summarizes all important
pharmacokinetic parameters. Importantly, COVA322 was well
tolerated following weekly iv infusions in the GLP 4-week
repeat-dose toxicity study in cynomolgus monkeys and the no
observed adverse effect level (NOAEL) was 100 mg/kg, support-
ing the dose range for the currently ongoing Phase 1b/2a study
in psoriasis patients.

Discussion

Our research and several preclinical studies by others have
recently demonstrated that dual treatment with inhibitors of
TNF and IL-17 is significantly more efficacious than treat-
ment with either agent alone.7,8,18 However, one of the major
risks for dual cytokine inhibition is immune suppression that
is too strong, which may lead to an increased risk of infections
and other adverse effects. So far, the results of clinical trials
with combinations of biologics have been disappointing. A
combination of anakinra and etanercept or the combination
of abatacept and etanercept did not result in a significant bene-
fit for the RA patients, but led to an increased infections
risk.19,20

Preclinical data indicate that dual TNF/IL-17A inhibition
might have a better benefit/risk profile compared to the

combinations tried in the past. Alzabin and co-workers showed
that the administration of anti-TNF and anti-IL-17 compounds
at low doses in a collagen-induced arthritis mouse model did
result in a very significant anti-inflammatory effect, whereas the
monotherapies had almost no effect, demonstrating that partial
inhibition of both cytokines may be sufficient to provide clinical
efficacy.5 This finding supports the idea that, with a dual TNF/
IL-17A inhibitor, it could be possible to dissociate clinical effi-
cacy from immune suppression. To find the right balance
between clinical efficacy and unwanted broad immune suppres-
sion, it will be crucial to elaborate the correct dose and the opti-
mal degree of cytokine inhibition in clinical trials. Besides
immune suppression, a key challenge for all therapeutic

Figure 1. Characterization of COVA322 (A) Schematic picture of
COVA322 showing that the anti-IL-17A Fynomer (orange circle) was
genetically fused to the C terminus of the light chain of the anti-TNF
antibody adalimumab. (B) COVA322 was expressed transiently in
CHO cells and purified using protein A. The resulting protein was
>95 % pure and monomeric, as determined by size exclusion chro-
matography over a period of at least 2 months in a non-optimized
phosphate buffered saline buffer. (C) Dual TNF and IL-17A binding of
COVA322 is shown using immobilized IL-17A on a BIAcore chip with
subsequent injection of COVA322 and TNF (red) or COVA322 only
(black) (D) COVA322 and the control anti-IL-17A antibody secukinu-
mab were tested in a cell assay after stimulation with IL-17A and IL-
1b. COVA322 and the control antibody specifically inhibited IL-17A
with IC50 values of 121 pM and 470 pM, respectively. Mean values of
triplicates are shown, error bars represent standard deviations (SD)
(E) Gro-a ELISA levels in the supernatants are shown after the stimu-
lation of HT-29 cells with 200 pM TNF and 400 pM IL-17A. After addi-
tion of the indicated concentrations of COVA322, a dose-dependent
inhibition of IL-17A and TNF can be observed because the Gro-a lev-
els decline with higher concentrations of the inhibitors. As controls,
cells were treated with the single cytokines (IL-17A or TNF) or with
medium only. Mean values of triplicates are shown, error bars repre-
sent standard deviations (SD). (F) COVA322 mediated inhibition of T-
cell derived IL-17A induced IL-6 release from HT-1080 cells, compara-
ble to the control anti-IL-17A antibody secukinumab in the presence
of excess of anti-TNF antibody adalimumab (Adal.) and anti-IL-1b
antibody canakinumab (Cana.). Mean values of quadruplicates are
shown, error bars represent standard deviations (SD).
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treatment options in inflammatory diseases is the achievement of
remission. In a collagen-induced arthritis model in mice, Alzabin
and colleagues demonstrated that the dual inhibition resulted in
long-lasting responses, as mice were treated for 10 d after onset
of disease and then observed for 40 d. At day 40, 7 out of 8 mice
in the anti-TNF/IL-17 treatment group were still in remission.5

Importantly, these preclinical studies were performed with a 1:1
ratio of anti-TNF/IL-17 antibodies, i.e., with the same binding
site ratio as COVA322.

The concept of using bispecific antibodies was conceived more
than 25 y ago. However, only 2 such molecules (catumaxomab,21

and blinatumomab,22) have been approved to date, mainly due
to rather disappointing initial clinical studies. Low efficacy, severe

adverse effects and immunogenicity were the main rea-
sons bispecific antibodies failed in the past.23

Manufacturing efficiency and appropriate in vivo
pharmacokinetic properties were 2 additional major
hurdles.24 We achieved a production yield of more
than 3 g/l in our 1000 L GMP run, which is, to our
knowledge, one of the highest yields reported for a bis-
pecific antibody. Because FynomAbs are fusion pro-
teins of an antibody and a Fynomer, it is critical for
the activity of the molecule that the Fynomer is not
cleaved in vivo. In our animal experiments, we could
demonstrate that COVA322 stays fully functional and
intact for at least 10 d in cynomolgus monkeys, and
there were no indications of in vivo degradation (e.g.,
cleavage of Fynomer entity from the antibody)
(Fig. 2). The terminal disposition half-life calculated
was »14–21 days, which is comparable to the esti-

mated half-life of adalimumab in cynomolgus monkeys (adali-
mumab: EPAR – Scientific Discussion, dated 30th March 2006,
online available at: http://www.ema.europa.eu/docs/en_GB/doc-
ument_library/EPAR__Scientific_Discussion/human/000481/
WC500050867.pdf).

To obtain COVA322, we fused the Fynomer to the C-termi-
nus of the light chain of the anti-TNF antibody using a standard
15 amino acid glycine serine (GGGGS)3 linker. Earlier work
from our group with monospecific anti-IL-17A Fynomer-Fc
fusions suggested that this linker length resulted in highest anti-
IL-17A activity.14 Indeed, analysis of the pharmacodynamic
properties indicated that COVA322 is able to inhibit recombi-
nant TNF and IL-17A with picomolar potency, and it inhibits

Figure 2. Plasma concentration of COVA322 in cynomolgus
monkeys. (A) Bifunctional ELISA was performed to detect
intact COVA322. Biotinylated TNF was immobilized in the
wells of neutravidin-coated microtiter 96-well plates. Plasma
containing COVA322 was added to the wells. For detection,
digoxigenin-labeled IL-17A was used, followed by an anti-
digoxigenin antibody-HRP conjugate for substrate process-
ing and color development. Monofunctional ELISA was per-
formed to detect specific TNF binding of COVA322,
adalimumab or golimumab. Biotinylated TNF was immobi-
lized in the wells of neutravidin-coated microtiter 96-well
plates. Plasma containing COVA322 or anti-TNF antibody
was added to the wells. TNF binding compound was
detected using an anti-human IgG antibody-HRP-conjugate
for substrate processing and color development. (B) Plasma
concentrations of COVA322 and the anti-TNF antibodies ada-
limumab and golimumab at different time-points after a sin-
gle iv injection into cynomolgus monkeys. The COVA322 or
anti-TNF antibody concentration in plasma was determined
by Bifunctional and Monofunctional ELISA, respectively.
Mean plasma concentrations of 3 cynomolgus monkeys are
plotted versus time, error bars represent standard deviations
(SD). (C) Comparison of the plasma concentrations of
COVA322 in cynomolgus monkeys determined by Bifunc-
tional and Monofunctional ELISA. The plasma concentrations
obtained from both assays are comparable, indicating that
COVA322 is stable in cynomolgus monkeys for at least
220 hours.
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T cell-derived human IL-17A.
Additionally, COVA322 is able to
inhibit both TNF and IL-17A in
an acute inflammation model in
mice. The results described herein
further demonstrate that Fyno-
mers represent ideal building
blocks to generate bispecific Fyno-
mAbs in general.

In summary, by fusing the small
(7 kDa) anti-IL-17A Fynomer to
the clinically validated anti-TNF
antibody adalimumab we generated
COVA322, a bispecific FynomAb
that may achieve superior efficacy
compared to current standard of
care in the treatment of inflamma-
tory diseases. COVA322 is cur-
rently being evaluated in a first-in-
man, single dose escalation, tolera-
bility, safety, pharmacokinetic and
efficacy Phase 1b/2a study in psori-
asis patients.

Materials and Methods

Isolation and characterization of anti-IL-17A Fynomer
11L5B06

Using Fynomer phage libraries,11 IL-17A-binding Fynomers
were isolated using recombinant IL-17A (R&D Systems, 317-ILB-
050) as antigen and standard phage display as the selection technol-
ogy.9,25 Fynomer 11L5B06 was expressed in E.coli bacteria and
purified as described earlier.9,25 Endotoxin was removed through
filtration with the Acrodisc Mustang E membrane (VWR,
MSTG25E3). After filtration, the endotoxin levels of the protein
solution were less than 0.1 EU/ml, as determined by the Limulus
amebocyte lysate (LAL) test (PYROGENT Single test Gel Clot
LAL Assay (Lonza, N189-06)). For the IL-17A cell inhibition assay,
100 ml of a cell suspension containing about 3900NHDF (Promo-
Cell, NHDF-c, C12300) were distributed per well (96-well plate,
TPP or Corning) and cultured for 24 hours at 37�C (medium:
Fibroblast Growth Medium, PromoCell, C-23010). The superna-
tant was aspirated and after mixing different concentrations Fyno-
mer 11L5B06 with IL-17A and TNF-containing medium (final

concentrations 1 ng/ml and 50 pg/ml, respectively), 100 ml of the
corresponding solution was added per well. As controls, phosphate-
buffered saline (PBS) was mixed with the IL-17A/TNF-containing
medium and medium with the single cytokines IL-17A or TNF
only. As a negative control, PBS was mixed with medium only.
After 24 hours incubation at 37�C the IL-6 concentration in the
supernatant was determined using an IL-6 ELISA kit following the
manufacturer’s instructions (IL-6 ELISA kit, R&D Systems,
DY206). The percentages of inhibition were plotted and IC50 val-
ues were calculated using the software Prism 5.

Cloning, expression and purification of COVA322
The anti-IL-17A Fynomer 11L5B06 was genetically fused to

the C-terminus of the light chain of the anti-TNF antibody adali-
mumab via a 15 amino acid glycine serine linker (GGGGS)3
linker. The resulting bispecific FynomAb COVA322 was tran-
siently transfected into FreeStyle CHO-S cells and expressed in
serum-free/animal component-free media for 6–10 d (Evitria,
Switzerland). The proteins were purified from the supernatants
by Protein A affinity chromatography (MabSelect Sure column;

Figure 3. Inhibition of human IL-17A and TNF in vivo. Mice were injected intravenously (iv) with COVA322,
anti-IL-17A antibody secukinumab or anti-TNF antibody adalimumab followed by subcutaneous injection of
human TNF (A) or human IL-17A (B). Two hours after the administration of the indicated cytokine, blood sam-
ples were taken from the mice and KC levels were determined by ELISA. As a control, basal KC levels are
shown (mice treated with PBS only (iv), without cytokine stimulation). Mean KC levels of 5 mice per group
are shown (§ SEM).

Table 1. Summary of important pharmacokinetic parameters obtained from the non-clinical GLP safety study with cynomolgus monkeys

Low dose 5 mg/kg Medium dose 25 mg/kg High dose 100 mg/kg

Pharmacokinetic Parameter Mean §SD Mean §SD Mean §SD

Cmax(d1) (mg/mL) 212 41.7 913 391 4980 1060
AUC(1–8d) (mg.h/mL) 13700 1940 46200 3820 253000 29800
Vz (mL/kg) — — 65.2 20.1
Cl (mL/h/kg) — — 0.136 0.044

T1/2 (days) — — 15.3 7.8
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GE Healthcare, 11-0034-94) and by SEC (Superdex G200, 30/
100 GL column; GE Healthcare, 17-5175-01) on an €Akta Puri-
fier instrument (GE Healthcare). SEC was performed via HPLC
(1200 Infinity Series, Agilent) on an Agilent Bio SEC-5 column
(Agilent, 5190-2528).

Affinity measurements to TNF and IL-17A
Affinity measurements were performed using a BIAcore T200

instrument (GE Healthcare). For the interaction analysis, a Series S
CM5 chip (GE Healthcare, BR-1005-30) was coated with 8000
RU goat anti-human IgG antibody (Jackson ImmunoResearch,
109-005-098) using the amine coupling kit (GE Healthcare,
BR-1006-33). The running buffer was PBS containing 0.05%
Tween 20, and the interactions were measured at a flow of 30 ml/
min. Twenty nM of COVA322 or adalimumab were captured on
the anti-human IgG antibody-coated surface, followed by injections
of the antigens TNF and IL-17A at different concentrations (0 nM,
1.56 nM, 3.125 nM, 6.25 nM, 12.5 nM, 25 nM, and 50 nM -
TNF; 0 nM, 0.39 nM, 0.78 nM 1.56 nM, 3.125 nM, 6.25 nM,
12.5 nM, 25 nM - IL-17A). All kinetic data of the interactions
were evaluated using the BIAcore T200 evaluation software.

Dual binding to TNF and IL-17A
Dual binding experiments were performed using a BIAcore

T200 instrument (GE Healthcare). Human IL-17 was immobi-
lized on a Series S CM5 chip (GE Healthcare, BR-1005-30)
using the amine coupling kit (GE Healthcare, BR-1006-33). The
running buffer was PBS containing 0.05% Tween 20, and the
interactions were measured at a flow of 30 ml/min. Ten nM of
COVA322 were captured on the IL-17A coated surface to show
IL-17A binding. In addition, 10 nM of TNF was injected to
demonstrate additional TNF binding.

IL-17A inhibition cell assay
The inhibitory potency of COVA322 was determined by

stimulating NHDF with recombinant IL-17A in the presence of
IL-1b, as these cytokines act in synergy. NHDF cells (Promo-
Cell, NHDF-c, C12300) were seeded in 96-well plates (TPP) in
Fibroblast Growth Medium (Promocell, C-23010). The cells
were allowed to adhere. Supernatant was exchanged with
medium containing 64 pM recombinant IL-17A and 10 fM
recombinant IL-1b (R&D Systems, 201-LB-005), with and
without different concentrations of COVA322 or a reference
anti-IL-17A antibody (secukinumab). As negative control, equal
volume of PBS was added to the medium. After 24h, superna-
tants were collected, filtered (0.45 mm pore size) and used to
determine IL-6 concentrations by ELISA according to the manu-
facturers protocol (DuoSet, R&D Systems, DY206). Data points
were measured in triplicates, percent inhibition calculated and
IC50 values were determined using the GraphPad Prism 6 soft-
ware (GraphPad Software). The data shown here indicate a repre-
sentative result.

Simultaneous inhibition of IL-17A and TNF
HT-29 cells (ATCC, HTB-38) were cultured in McCoy’s 5A

medium (Invitrogen, 26600023) supplemented with 10% fetal

bovine serum (HyClone). Serial dilutions of COVA322, adali-
mumab and the anti-IL-17A antibody were prepared in medium
containing IL-17A (final concentration 400 pM) and TNF (final
concentration 200 pM), and were distributed into 96-well plates.
HT-29 cells were then directly distributed in the 96-well plates
to each well, and were incubated 48 hr at 37�C and 5% CO2.
After 48h, supernatants were collected, filtered (0.45 mm pore
size) and used to determine GROa concentrations by ELISA
according to the manufacturers protocol (DuoSet, R&D Sys-
tems, DY275). Data points were measured in triplicates. Data
indicate a representative result. IC50 values were calculated using
the GraphPad Prism 6 software (GraphPad Software).

Inhibition of human derived IL-17A
Human peripheral blood mononuclear cells (PBMCs) were

isolated from buffy coat preparations (obtained from Blut-
spende Zurich, Switzerland) by Ficoll gradient centrifugation,
and were stimulated to produce IL-17A as described in Ger-
hardt et al.16 Briefly, PBMCs were stimulated at 5 £ 106

cells/ml (final concentration) in flasks in the presence of anti-
CD3/anti-CD28 (both at a final concentration of 1 mg/ml;
eBioscience, 16-0037-85 and 16-0289-85, respectively), trans-
forming growth factor b (5 ng/ml; R&D Systems, 240-B-
002), IL-23 (50 ng/ml; R&D Systems, 1290-IL-010), anti-
IFNg antibody (10 mg/ml; R&D Systems, AB-285-NA), and
goat anti-mouse IgG cross-linker (4 mg/ml, added 15 min
after other reagents; Sigma, 71246). Supernatants were har-
vested by centrifugation after 48 h. The supernatants were
then used to stimulate the production of IL-6 in HT-1080
cells (ATCC, CCL-121). HT-1080 cells were seeded over-
night at 20,000 cells/well in media (DMEM (Invitrogen,
41966-029) supplemented with 10% fetal bovine serum
(Hyclone), and 1£MEM-NEAA (Invitrogen, 11140035)).
Serial dilutions of COVA322 and a reference anti-IL-17A
monoclonal antibody (secukinumab) were prepared in media
containing 40 nM adalimumab and 40 nM anti-IL-1b mono-
clonal antibody (canakinumab) (used to neutralize the effects
of TNF and IL-1b on HT-1080 cells) and mixed in equal
volume with conditioned PBMC supernatant and incubated
at 37 �C for 1 h. Media were removed from the cells and
replaced with COVA322 and anti-IL-17A antibody solutions,
and the cells were incubated overnight. The experiment was
performed in quadruplicates. Supernatants were removed,
diluted 1:100 and analyzed with IL-6 ELISA (DuoSet, R&D
Systems, DY206), in accordance with the manufacturer’s
instructions.

Comparison of in vitro IL-17A/A, IL-17A/F and IL-17F/F
inhibition

The ability of COVA322 to inhibit IL-17A/A compared to
the inhibition of IL-17A/F and IL-17F/F was determined in a
similar cell assay as described in the section “IL-17A inhibition
cell assay.” NHDF were stimulated with recombinant IL-17 in
presence of IL-1b, as these cytokines act in synergy. NHDF cells
(PromoCell, NHDF-c, C12300) were seeded in 96-well plates
(TPP) in Fibroblast Growth Medium (Promocell, C-23010).
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The cells were allowed to adhere. Supernatant was exchanged
with medium containing either 200 pM recombinant IL-17A/A,
4 nM IL-17A/F, or 10 nM IL-17F/F combined with 10 fM
recombinant IL-1b (R&D Systems, 201-LB-005), with and
without different concentrations of COVA322. As negative con-
trol, equal volume of PBS was added to the medium. After 24h,
supernatants were collected, filtered (0.45 mm pore size) and
used to determine IL-6 concentrations by ELISA according to
the manufacturers protocol (DuoSet, R&D Systems, DY206).
Data points were measured in triplicates, percent inhibition cal-
culated and IC50 values were determined using the GraphPad
Prism 6 software (GraphPad Software). The data shown here
indicate a representative result.

Pharmacokinetic studies in mice
COVA322 or adalimumab were injected iv into 5 mice

(C57BL/6, Charles River) at a dose of 10 mg/kg. After the indi-
cated time-points, »20 ml of blood were taken from the vena
saphena with the capillary Microvette CB 300 (Sarstedt). The
blood samples were centrifuged for 10 min at 9500 £ g and the
serum was stored at ¡20� C until ELISA analysis was performed.
Using dilution series with known concentrations of COVA322
or adalimumab, the concentration in serum was determined by
ELISA using both TNF and IL-17A as capturing agents. 50 ml
biotinylated IL-17A (50 nM) (R&D Systems, biotinylated using
NHS-PEO4-biotin (Pierce, 21455) according to the man-
ufacturer’s instructions) or 50 ml biotinylated TNF (10 nM)
were added to streptavidin-coated wells (Reactibind, Pierce) and,
after blocking with PBS containing 4% milk (Rapilait, Migros,
Switzerland), 50 ml of a dilution series of the serum samples
were added. After incubation for 1 h and washing, bound
COVA322 or adalimumab were detected with protein A-HRP
conjugate (Sigma). Peroxidase activity was detected by addition
of QuantaRed enhanced chemifluorescent HRP substrate (Pierce,
15159). This mouse study was approved by the Veterinaeramt
des Kantons Zurich, Zurich, Switzerland.

Pharmacokinetic studies in cynomolgus monkeys
COVA322 or the reference antibodies adalimumab and goli-

mumab were injected iv into 3 male cynomolgus monkeys at a
dose of 3 mg/kg (Accelera S.r.l., Nerviano, Italy). Blood was
taken from peripheral veins at the indicated time-points after end
of dosing (0.6 ml of collection volume per sample). EDTA solu-
tion (7.5%) was used as anticoagulant. After blood collection,
the samples were centrifuged at 4�C for 10 min at 1200 g, and
plasma was stored at ¡80�C until analysis by ELISA.

“Bifunctional ELISA,” detecting intact and full-length
COVA322: Neutravidin-coated wells (Biomat MCP44-11) were
blocked with 150 ml/well of PBS, 5% BSA. The wells were
washed with wash buffer (PBS, 0.1 % Tween 20) and then incu-
bated with 100 ml/well of a solution containing 0.2 mg/ml of
biotinylated TNF-a (PeproTech, biotinylated using a biotin
labeling kit from ANP Technologies according to the man-
ufacturer’s instructions) diluted in assay buffer (PBS, 1 % BSA).
After three washes with 200 ml/well of wash buffer, samples
diluted 1:4 in assay buffer were dispensed to the wells (100 ml/

well) and incubated for 1 hour under gentle shaking. The plate
was washed 3 times (200 ml/well) with wash buffer prior to the
addition of 100 ml/well of a solution containing 64 ng/ml of
digoxigenylated IL-17A (PrepoTech, labeled with digoxigenin
using a Digoxigenin Labeling Kit, purchased from Solulink, by
following the supplier’s recommended protocol) diluted in assay
buffer. A further incubation for 1 hour at RT, under gentle shak-
ing was then carried out. After 3 washes (200 ml/well) with wash
buffer, the plate was incubated with 100 ml/well of the anti-
digoxigenin HRP-conjugated antibody (Roche), diluted 1:10000
in Assay Buffer. The plate was washed 3 times (200 ml/well)
with wash buffer and 100 ml/well of TMB (Sigma) were immedi-
ately added and incubated for 5-10 minutes at room temperature
in the dark. The enzymatic reaction was stopped and optical den-
sity was measured at 450 nm using a Victor2V (Wallac Perkin
Elmer) microtiter plate reader.

“Monofunctional ELISA,” detecting the anti-TNF binding anti-
body part of COVA322, adalimumab and golimumab: Neutravi-
din-coated 96-well plates (Biomat MCP44-11) were blocked
with 150 ml/well of blocking buffer (PBS, 5 % BSA) for 60
minutes at RT under gentle orbital shaking set at 300 rpm. Wells
were washed with 200 ml/well of wash buffer (PBS, 0.1 % Tween
20) and then incubated with 100 ml/well of a solution of 0.2 mg/
ml of biotinylated TNF-a diluted in assay buffer (PBS, 1 %
BSA) for 60 minutes at RT under gentle shaking. After three
washes with 200 ml/well of wash buffer, samples diluted 1:4 in
assay buffer were dispensed to the wells (100 ml/well) and incu-
bated for 1 hour under gentle shaking. The plate was washed
3 times (200 ml/well) with wash buffer prior to the addition of
100 ml/well of a solution of 44 ng/mL of HRP-conjugated anti-
Human IgG monkey-adsorbed antibody (Abcam) diluted in
assay buffer. A further incubation for 1 hour at RT under gentle
shaking was then carried out. The plate was washed 3 times
(200 ml/well) with wash buffer, and 100 ml/well of TMB
(Sigma) were immediately added and incubated for 5-10 minutes
at room temperature in the dark. The enzymatic reaction was
stopped and optical density was measured at 450 nm using a Vic-
tor2V (Wallac Perkin Elmer) microtiter plate reader.

In vivo pharmacodynamics activity of COVA322
Human IL-17A and human TNF bind and stimulate their

murine receptors resulting in an increase of serum KC-chemo-
kine (CXCL1) levels.14 To test COVA322 in vivo, C57BL/
6NCrl mice (Charles River) were injected iv with 40 mg
COVA322, 40 mg secukinumab, 40 mg adalimumab or PBS
only. One hour post administration, 3 mg/mouse of human
IL-17A, or 0.25 mg human TNF, or PBS were injected subcuta-
neously. At two hours after treatment, blood was collected
(Microvette CB 300, Sarstedt) and sera were stored frozen until
analysis. Five mice were used per treatment group.

KC levels were determined using the Quantikine Mouse
CXCL1/KC Immunoassay (R&D Systems, MKC00B) according
to the manufacturer’s instructions. Briefly, 25 ml sera were mixed
with 25 ml calibrator diluent as described. Then, 50 ml sample
diluent were added. Statistical analyses were performed using
GraphPad Prism 6 software (GraphPad Software) and unpaired t
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test assuming Gaussian distribution. A p-value < 0.05 was con-
sidered as statistically significant. The mouse study was approved
by the Veterinaeramt des Kantons Zurich, Zurich, Switzerland.

Non-clinical GLP safety studies
Toxicology studies were conducted at Covance Laborato-

ries GmbH (Muenster, Germany) in accordance with GLP
and International Conference on Harmonization guidelines.
COVA322 was administered by iv infusion (over 30 minutes)
to 3 groups (3 or 5/sex/group) of cynomolgus monkeys at
weekly doses of 5, 25, and 100 mg/kg. Another group (4/
sex) received vehicle and served as controls. At the end of the
dosing phase, 2 animals per sex in the 100 mg/kg group and
in the control group were maintained on study for a 17-week
recovery period. Evaluation of clinical signs, body weight,
body temperature, neurobehavioral observations, ophthalmol-
ogy, cardiovascular function, respiratory rate, clinical pathol-
ogy, immunophenotyping, natural killer cell function and
cytokine/total complement concentration in serum were per-
formed. Complete necropsies were performed on all animals
with a recording of organ weights, macroscopic and micro-
scopic abnormalities for all tissues. Finally, samples for toxi-
cokinetic assessment were collected throughout the study.
Toxicokinetic evaluation was performed by non-

compartmental analysis using Phoenix WinNonlin version
6.3 (Certara Company, USA).
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