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Abstract

Tumor necrosis factor receptor superfamily member 4 (TNFRSF4), also known as OX40, plays a crucial role in the regulation
of T-cell immune responses under normal physiological conditions. Abnormal expression of OX40 and its cognate ligand
OX40L (TNFSF4) have been associated with various autoimmune diseases, indicating that blocking the OX40/0X40L
pathway could be a promising strategy for the treatment of a broad range of T cell-mediated autoimmune diseases. Here, we
screened and characterized a fully human anti-OX40 antibody (JY007) from a naive human scFv phage library. JY007 has
an affinity constant of 7.71 nmol/L and effectively inhibited the OX40-OX40L interaction at both molecular and cellular
levels, with ICs, values of 1.088 and 10.12 nmol/L, respectively. Furthermore, JYO07 demonstrated the ability to deplete
activated T lymphocytes through antibody-dependent cellular cytotoxicity (ADCC) activity, with an ECs; of 5.592 pmol/L.
The combination of ADCC and its antagonist activity against OX40 suggests potential efficacy in suppressing inflammatory
responses mediated by the OX40/0X40L pathway. Additionally, we employed molecular docking, site-directed mutagenesis,
and competitive ELISA to pinpoint the epitopes on OX40. The results revealed that JY007 binds to Pro*’, Ser®®, and Asp*
of OX40. Interestingly, we also found that the most potent anti-OX40 antibody drug in the clinical stage, KHK4083, binds
to different OX40 amino-acid residues, including Asp’®, Lys®?, Asp!'’, Ser'!8, Tyr'!°, and Lys'?’. This divergence suggests
that the novel monoclonal antibody JY007 holds promise as a potential therapeutic option for patients with atopic dermatitis
and may find broad applications in the treatment of autoimmune diseases.
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Introduction diseases, is a chronic inflammatory skin condition charac-
terized by recurrent erythema, pruritus, eczematous lesions,
Atopic dermatitis (AD), one of the most common skin skin thickening, and inflammation (Badloe et al. 2020).
Studies have reported a rising incidence and prevalence of
clinically diagnosed atopic dermatitis in recent decades, sig-
Edited by Chengchao Chen. nificantly impacting the quality of life for 15%-30% of chil-
dren and 2%-10% of adults worldwide (Laughter et al. 2021).
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The development, progression, and chronicity of AD are
understood to be influenced by the interplay of genetic and
environmental factors. Factors such as the disruption of the
epidermal barrier, pruritus, skin inflammation, and immune
deregulation also contribute to the complex etiology of this
condition (Bonamonte et al. 2019). AD is recognized as a
bidirectional T-cell-mediated disease, with Th2 cells pri-
marily involved in the acute and chronic stages, while Thl
cells contribute to the inflammatory response that affects the
chronicity of the disease (Kader et al. 2021). The dysregu-
lation of these immune responses can lead to the onset and
persistence of AD symptoms.

0X40, also known as CD134 or TNFRSF4, belongs to
the TNFR superfamily and is highly expressed in activated
T cells (Calderhead et al. 1993). OX40 has a single identi-
fied ligand, OX40L (also known as CD252 or TNFSF4),
which is expressed primarily on activated antigen-presenting
cells (APCs), such as endothelial cells, dendritic cells, and
activated B cells (Ohshima et al. 1997). Upon engagement
of OX40 with OX40L, downstream intracellular pathways
in T cells are triggered, leading to the transcriptional activa-
tion of nuclear factor kappa B (NF-xB) and nuclear factor of
activated T cells (NF-AT) (Song et al. 2008; Vanamee and
Faustman 2018). Consequently, OX40 signaling activates
CD4* and CD8™ T cells and controls immune responses dur-
ing various stages of T cell activation (So and Ishii 2019).
However, upregulation of 0X40-OX40L can cause exces-
sive activation and harm to the inhibitory function of Tregs,
leading to immune dysfunction and facilitating the onset of
autoimmune diseases (Webb et al. 2016), including bowel
disease, asthma, and experimental autoimmune encepha-
lomyelitis (EAE). Notably, the overexpression of OX40 in
atopic dermatitis has garnered significant attention (Furue
and Furue 2021; Le and Torres 2022).

In recent years, considerable progress has been made in
the development of potential novel therapeutic monoclonal
antibodies (mAbs) targeting the OX40 on activated T cells
for the treatment of moderate to severe atopic dermatitis. For
example, GBR 830 (Guttman-Yassky et al. 2019), a human-
ized IgG1 monoclonal antibody developed by Glenmark,
blocks the interactions between OX40 and OX40L to inhibit
T cell-mediated immune responses. Another promising can-
didate is rocatinlimab (formerly KHK4083) (Nakagawa et al.
2020), a fully humanized anti-OX40 monoclonal antibody
that has entered clinical trials. Rocatinlimab has shown the
ability to inhibit the OX40-OX40L pathway to suppress the
activation and proliferation of effector T cells and reduce
the number of activated OX40* T cells by ADCC. Clinical
trials have demonstrated the significant reduction of symp-
toms in patients with atopic dermatitis treated with these
antibodies, highlighting the effectiveness of OX40-targeting
antibodies for the treatment of autoimmune diseases like
AD. Despite the promising results, some patients may not

respond to treatment or discontinue it due to side effects
(Guttman-Yassky et al.2019, 2023). Moreover, prolonged
use of monoclonal antibody-based drugs may lead to the
development of drug resistance in patients (Brand et al.
2011; Smith 2003).

Based on the challenges above, our study utilized a naive
human single-chain fragment variable (scFv) phage library
to screen and characterize anti-OX40 antibodies. Among
the identified antibodies, JY007, a fully human antibody tar-
geting human OX40 and binding to distinct epitopes com-
pared to rocatinlimab, exhibited comparable binding and
functional activities. These findings suggest the potential of
JY007 as a novel drug candidate for treating atopic derma-
titis (AD) and other T-cell-mediated diseases.

Materials and methods

Screening of a human scFv phage display library
against 0X40

A naive human scFv phage display library (1 x 10'° pfu/mL)
was obtained from Jingyuan Biosciences (Suzhou) Co., Ltd.
The panning experiment was similar to the previous descrip-
tions (Xi et al. 2023). Recombinant OX40-His protein (Acro
Biosystems, China, OX0-H5224) was incubated overnight
at 4 °C in 96-well plates. After the wells were blocked by
3% BSA or 5% no-fat milk, the naive human scFv phages
were added and incubated for 1 h at 37 °C. The unbound
phages were washed out with PBST (PBS with 0.1% Tween-
20). Finally, OX40-specific binding phages were eluted with
triethylamine (100 mmol/L) and used to infect E. coli TG1
cells for the production and purification of phages for the
next screening round. The same screening procedure was
repeated for three rounds.

Polyclonal phage ELISA

After three rounds of panning, polyclonal phage ELISA was
performed to identify the enrichment of phage antibodies
against OX40-His. The OX40-His protein was diluted and
incubated overnight at 4 °C in 96-well plates. After block-
ing with 5% no-fat milk at 37 °C for 1 h, the diluted phage
from rounds 1, 2, and 3 (5 X 10! pfu/mL) were added to the
coated plates. Subsequently, 1:10,000 diluted HRP-conju-
gated anti-M13 (Sino Biological, China, 11,973-MMO0) was
added as the secondary antibody. Finally, TMB (Inno Rea-
gents, TMB-S-003) was added to each well and incubated at
37 °C. The reaction was stopped by adding 1 mol/L H,SO,
and the optical density (OD) of 450 was measured.
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Monoclonal phage ELISA

To obtain monoclonal phages against OX40-His, 96 colo-
nies were selected from the third round of panning. Briefly,
phages were added to 96-well plates coated with OX40-His
and incubated at 37 °C for 1 h. The procedure for detecting
bound phages was similar to that of the polyclonal phage
ELISA. Wells with OD values three times higher than the
control well were considered positive clones. The positive
clones were selected for DNA sequencing analysis. The
obtained sequences were then analyzed using IMGT V-quest
(http://www.imgt.org/IMGTindex/V-QUEST.php) to iden-
tify the differences in the scFvs.

Expression and purification of scFv antibodies

The above scFvs genes with His and HA tags from the pcom-
b3xss were amplified by PCR and cloned into pCDNA3.1.
Recombinant plasmids were transformed into Trans5a
cells (Yeasen Biotech, China, CD201-01), which were then
cultured overnight in an LB medium with ampicillin. The
plasmids were extracted using the Low Endotoxin Plasmid
Small Extraction Medium Kit (Magen, P1154). The plas-
mids were then transfected into suspension-adapted Expi-
CHO-S™ (Thermo Fisher Scientific, USA, A29127) cells
by lipofectamine (Thermo Fisher Scientific, USA, A29133)
to express the target proteins. On day 11, the supernatants
were collected by centrifugation, and the scFvs were puri-
fied using a HisTrap HP column (GE Healthcare, USA,
29,051,021). The purified scFvs were then analyzed by
sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE).

ELISA binding assays

ELISA was performed for the evaluation of the scFvs bind-
ing to OX40. Briefly, 96-well plates were coated with OX40-
His at 4 °C overnight. The next day, the plates were washed
three times with 0.1% PBST and blocked with 3% BSA. Sub-
sequently, serially diluted scFvs were added and incubated
at 37 °C for 1 h. Then a 1:10,000 diluted HRP-conjugated
anti-HA antibody (Sigma, 11,667,475,001) was used as the
secondary antibody. The intensity of the absorbance signals
was measured at 450 nm.

Competitive ELISA assays

96-well plates were coated with OX40-His (100 ng/well in
PBS) at 4 °C overnight. The diluted OX40L-Fc solutions
were added to the plates and incubated at 37 °C for 1 h.
Next, HRP-conjugated goat anti-human IgG (H+L) (Sino
Biological, China, SSA002) was added and incubated at
37 °C for 1 h. OD values were read at 450 nm with Tecan
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Spark. For further analysis, 96-well plates were coated with
0X40-His at 4 °C overnight and blocked with 3% BSA.
Then serial dilutions of the scFvs were pre-mixed with 0.3
pg/mL OX40L-Fc before incubation and added to the coated
plates. The same procedure as above was followed.

Luciferase reporter assay for scFv antibodies

The HT1080 human OX40 cell line (Kangyuan Bochuang
Biosciences, KC-0140) was applied to assess whether the
scFvs can antagonize the 0X40-OX40L interaction with the
existence of OX40L. HT1080 human OX40 cells were har-
vested and added to a white 96-well plate, plated 1.2 x 10°
per well in 25 pL, and incubated with fivefold diluted A1,
A8, A9, C8, G2, and G8 scFvs at 37 °C for half an hour.
Then, HEK-293T human OX40L cells (Kangyuan Bochuang
Biosciences, KC-0295) were harvested, and 2 X 10* cells in
25 pL were added to the plate per well, and the plate was
incubated at 37 °C for 4.5 h. Finally, the One-Lite Luciferase
Assay System (Nanjing Novozymes, DD1203-01) was incu-
bated for 5 min. Tecan Spark was used to detect the signal
value.

Expression and purification of IgG antibody

The JYO007 was constructed by cloning the VH and VL
into an expression vector that contained the human IgG1
constant region or Igk constant region (Logen Biotech
LLC). The plasmids containing the heavy- and light-chain
Ig genes were co-transfected into ExpiCHO-S™ cells by
lipofectamine. During the transfection process, 2-FF (a
competitive substrate for fucosyltransferase) was added to
remove core fucose from monoclonal antibody N-glycans to
improve their antibody-dependent cellular cytotoxicity. The
IgG1 expressed in CHO were purified using Hitrap protein
A HP (GE Healthcare, USA, 29,048,576).

Binding assay to human 0X40

The binding of JY007 to OX40 was analyzed by ELISA.
Briefly, 96-well plates were coated with OX40-His overnight
at 4 °C. JY007 and KHK4083 were diluted and incubated
at 37 °C for 30 min. For the detection of antibodies, HRP-
conjugated goat anti-human IgG (H+ L) secondary antibody
was diluted at 1:10,000 in 3% BSA and incubated at 37 °C
for 30 min. The plates were washed three times and incu-
bated with TMB substrate at 25 °C, followed by adding a
stop buffer. Finally, the intensity of the absorbance signals
was measured at 450 nm.
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Species cross-binding activity

96-well plates were coated with the recombinant Cynomol-
gus monkey OX40 protein overnight at 4 °C. Cross-binding
activities were detected using the same procedure as the
binding assay for human OX40 by ELISA.

Antibody affinity determination by biolayer
interferometry

For analysis of mAbs binding to OX40-His on a GatorPrime
from Gator Bio, JY007 or KHK4083 were captured
at 100 nmol/L in KD buffer (PBS solution containing
0.02% Tween-20 and 0.1% BSA) on protein A probes.
Kinetic measurements were performed by serial dilutions
(50 nmol/L, 100 nmol/L, and 200 nmol/L) of OX40-His in
KD buffer as an association step (90 s) and KD buffer as a
dissociation step (180 s) according to the method described
(Chen et al. 2023). The protein A probes were regenerated
with glycine-HCL buffer, pH 1.9, for 15 s, repeated three
times. Through the real-time data provided by GatorPrime,
binding kinetics (on-rate and off-rate) and affinity values
(dissociation constant) were calculated by the GatorOne
software v2.10.

Blockade of 0X40L to 0X40

A competitive ELISA assay was used to determine whether
JYO007 could block the interaction between recombinant
0X40 to OX40L-mFc. 96-well plates were coated with
0OX40-His at 1 pg/mL overnight at 4 °C. After the wells were
blocked with 3% BSA, serial dilutions of JYO07 were pre-
mixed with 0.3 pg/mL OX40L-mFc and added to the wells.
Following 1 h of incubation, the plates were washed and
incubated with 1:10,000 HRP-conjugated goat anti-mouse
IgG (H+L) (Sino Biological, China, SSA021) at 37 °C. The
plates were washed and incubated with TMB substrate, fol-
lowed by adding a stop buffer (1 mol/L H,SO,). OD values
were read at 450 nm with Tecan Spark.

Western blotting assays

To analysis whether the downstream NF-kB signaling path-
ways were altered by JY007 antagonism, human OX40-
expressing HT 1080 cells were harvested and incubated with
100 nmol/L JY007 or KHK4083 at 37 °C for 10 min. Then
the 100 ng/mL OX40L-mFc was added and incubated at
37 °C for 30 min. Following the method of Liu (Liu et al.
2024a, b), the cells were lysed in RIPA Lysis Buffer. SDS-
PAGE electrophoresis was performed and the protein trans-
ferred from the gel to a PVDF membrane. Phospho-NF-kB
p65 Rabbit mAb (CST, CST3033) or NF-kB p65 XP® Rab-
bit mAb (CST, CST8242) was used for immunoblotting,

then incubated with HRP-conjugated goat anti-rabbit IgG
antibody (Abcam, ab6721). All blots were developed with
ultra-sensitive horseradish in the catalase DAB color kit
(Sangon Biotech, Shanghai, C510023).

Luciferase reporter assay of IgG antibody

To perform the luciferase assay, the human OX40-express-
ing HT1080 cell line was applied to assess whether JY007
could antagonize the OX40-OX40L interaction. The method
was similar to the luciferase reporter assay for scFvs, with
the difference that the antibodies of JY007, KHK4083, and
IgG1 were fivefold diluted and started at a concentration of
30 pg/mL. Tecan Spark was used to detect the signal value.

Flow cytometry assay

Total T cells (Milestone® Biotechnologies, TPCS#PB03-
N-1C) were thawed in 1640 medium supplemented with
10% FBS and centrifuged at 400 g for 10 min. The total T
cells were then resuspended in the prepared buffer (RPMI
1640+ 10% FBS + 1% AA) and diluted to 1 x 10° /mL. The
total T cells were activated at 37 °C for 3 days with 5 pg/
mL of PHA (Roche, 11,249,738,001) and 20 ng/mL of hIL-2
(Farcet et al. 1984) (Sino Biological, China, GMP-11848-
HNAE). Furthermore, JY007, KHK4083, and OX40L-mFc
were incubated with the activated T cells at 4 °C for 1 h.
1:1000 FITC goat anti-mouse IgG H&L (Abcam, China,
Ab7064) or 1:500 FITC anti-human IgG (Abcam, China,
Ab7149) was used to label the OX40L-mFc, JY007, or
KHK4083 binding to the OX40 expressed on the activated
T cells.

To block OX40 costimulation of T-cell proliferation,
the JY007 mAb was functionally screened for its ability to
inhibit the OX40-OX40L interaction. The activated T-cells
were plated at 10,0000 cells/50 pL per well in a 96-well V
bottom plate. JY007 or KHK4083 was diluted to a start-
ing concentration of 200 nmol/L and mixed with 0.2 pg/
mL OX40L-mFc and incubated with the activated T cells
at 4 °C for 1 h. The OX40L-mFc was fluorescently labeled
with FITC goat anti-mouse IgG H&L. Data were analyzed
using FlowJo.

ADCC assay

Target cells (Target, T: HT1080 human OX40 cells) were
harvested and labeled with Cell Trace Far-Red dye (Thermo
Fisher Scientific, USA, C34572) for 2 days, then seeded
at a concentration of 2 x 10* cells per well in a 96-well U
bottom plate and incubated with 0.0000512-100 nmol/L
of JY007, KHK4083, or control IgG1 for 30 min on ice.
1.2x 10% PBMCs per well (Effector: E; Miosheng Biotech)
at E/T=60/1 were added to the wells in a final volume of
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Fig.1 Selection of anti-OX40 scFv antibodies. A Schematic illus-
tration of the construction and screen of a naive scFv phage display
library. Figure created by BioRender. B Polyclonal phage ELISA.
The phage that specifically binds to OX40 was enriched in the third
round. Error bars represent the standard deviation. Data are presented

100 pL. After incubation for 4.5 h at 37 °C, 5 pL of PI
dye (Sangon Biotech, Shanghai, E60730) was added to
the mixed cell solution to label dead cells and incubated
for 2-3 min at 25 °C. The samples were analyzed by Flow
Cytometry (CytoFLEX).

Epitope-blocking ELISA assay

A competitive ELISA was performed to analyze the bind-
ing epitopes of the JY007 and KHK4083 on OX40. Briefly,
96-well plates were coated with JY007 (100 ng/well)
overnight at 4 °C. Serial dilutions of KHK4083 were pre-
mixed with 0.2 pg/mL OX40L-His before incubation in
coated wells. The HRP-conjugated anti-His (Sigma, China,
105,327-MMO2T-H) was used as the secondary antibody
and diluted 1:10,000 in 3% BSA, and the plates were then
incubated with TMB substrate at 25 °C for 10 min. OD val-
ues were read at 450 nm with Tecan Spark.

Alanine scanning

The crystal structure of the human OX40-OX40L complex
has been characterized in detail by Compaan and Hymowitz
(Compaan and Hymowitz 2006). The key residues of the
KHK4083/0X40 and JY007/0X40 interface were studied
by performing alanine scanning mutagenesis. A total of 17
0X40 variants cloned into pCDNA3.1 were synthesized
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as mean=+SD. *P<0.05, ¥**P<0.01, ***P<0.001, ****P <0.0001,
versus control. C Monoclonal phage ELISA. Most monoclonal
phages (blue bar) that bound with high affinity to OX40 and PBS
buffer (red bar) were used as negative controls. The positive signal is
defined as being three times higher than the negative signal

(Logen Biotech LLC). Next, we accessed the affinities of
the JY007 and KHK4083 binding to the individual OX40
mutants and the wild-type OX40 by BLI. Briefly, 0X40
mutants were loaded onto anti-His probes and OX40-His
protein at the indicated concentration (100 nmol/L) as a
positive control. Next, 100 nmol/LL KHK4083 or JY007 was
used for association and then dissociated in KD buffer. The
anti-His probes were regenerated with glycine—-HCL buffer,
pH 1.9, repeated three times. Through the real-time data pro-
vided by GatorPrime, binding kinetics (on-rate and off-rate)
and affinity values (dissociation constant) were calculated by
the GatorOne software v2.10.

Computational model

The amino acid sequence of OX40 (P43489) was obtained
from the Uniprot database. The structures of OX40-
KHK4083 and OX40-JY007 3D complexes were con-
structed using ColabFold (Mirdita et al. 2022). ColabFold
is a deep learning model based on AlphaFold (Mirdita et al.
2022), which has better user friendliness, lower computa-
tional resource requirements, and high-precision protein
structure prediction. Each composite structure was predicted
to generate 25 binding models, among which the model with
the highest binding energy and the most reasonable structure
was selected and used for subsequent analysis. The molecu-
lar docking was as described previously (Liu et al. 2024a, b).
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Fig.2 The binding activity of anti-OX40 scFv antibodies to human
0X40. A Binding of scFv antibodies to OX40 measured by ELISA.
Gradient dilutions of scFv antibodies and 1 pg/mL OX40 and anti-
HA as secondary antibody. B Competitive ELISA between OX40
and scFv antibodies and OX40L. Gradient dilutions of scFv antibod-
ies were incubated with precoated OX40 and OX40L-Fc. Error bars
represent standard deviation. Data are presented as mean+SD, n=6

Confirmation of the 3D structure of 0X40-JY007

0OX40 mutations with alanine substitutions, OX40-18
and OX40-19, were constructed by Logen Biotech LLC
and expressed using CHO cells. The affinities of antibod-
ies JY007 and KHK4083 binding to the individual OX40
mutants were detected by the same procedure as above.

Results

Screening of Anti-OX40 antibodies from naive
human scFv phage library

Based on a naive human scFv phage library, the OX40-
binding phages were selected by three rounds of solid-phase
screening (Fig. 1A). Polyclonal phage ELISA was used to
detect the enrichment of the phages binding to OX40-His.
The signals gradually increased from the initial library to the

C 00000000
%
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o A1 00000000
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2 & OX40L-Fce, |
1 10 100 1000 10000 0X40-I;|_Is %%
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@ ? — HT1080-0X40

in triplicate. C Luciferase reporter assay between OX40 and scFv
antibodies and OX40L.The HT1080-OX40 reporter cells were co-cul-
tured with HEK-293T-OX40L cells and anti-OX40 scFv antibodies,
followed by the determination of luciferase activity. Error bars repre-
sent standard deviation. All data are presented as mean+SD, n=6 in
triplicate. All schematic illustrations were created by BioRender

third round, and the control signal was always kept low, indi-
cating the enrichment of the binding-specific scFv phages
(Fig. 1B). We then randomly picked up 96 single colonies
for the monoclonal phage ELISA (Fig. 1C), and clones with
a high binding capacity to OX40 were identified by sequenc-
ing. Finally, six scFv antibodies with different sequences
were found to be effectively enriched and named Al, A8,
A9, C8, G2, and G8 (Supplementary Fig. 1A and B).

Functional characterization of the anti-OX40 scFv
antibody in vitro

The six scFv antibodies were expressed in CHO-S cells
and purified by Ni-NTA column (Supplementary Fig.
S2A). To determine its binding affinities, the ECs, values
of the anti-OX40 antibodies were evaluated using indirect
ELISA (Fig. 2A), showing A8 exhibiting the strongest
binding activity with an ECs, of 1.33 nmol/L. To assess
the inhibitory potency of anti-OX40 scFv antibodies, we
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Fig.3 The binding activity of JYO07 and KHK4083. A The struc-
ture of antibodies A8 and JYO007. Schematic illustration created
by BioRender. B ELISA assay for the binding activity of JY007 to
human OX40. Gradient dilutions JY007 and 0.5 pg/mL human
0X40 and goat anti-human IgG (H+L) secondary antibody. Error
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n=06 in triplicate. C ELISA assay for the binding activity of JY007
to Cynomolgus OX40. Gradient dilutions of KHK4083 and 1 pg/mL
Cynomolgus OX40 and goat anti-mouse IgG (H+L) secondary anti-
body. Error bars represent standard deviation. Data are presented as
mean+ SD, n=6 in triplicate. D The binding kinetic plots of antibody
JYO007 were measured by BLI. JY007 was set at 100 nmol/L. and
0X40 was applied at concentrations ranging from 50 to 200 nmol/L.
E The binding kinetic plots of antibody KHK4083 were measured by
BLI. KHK4083 was set at 100 nmol/L and OX40 was applied at con-
centrations ranging from 50 to 200 nmol/L

initially determined the ECs, values of OX40-His binding
to OX40L-Fc. Subsequently, different concentrations of
scFv antibodies were used to antagonize the OX40-OX40L
interaction (Fig. 2B). The results indicated that among the
six scFv antibodies, A8 exhibited the highest inhibitory
activity, with an ICy, value of 3.46 nmol/L. Luciferase
assays are an invaluable tool for the identification and

Table 1 Analysis of the affinity kinetics of anti-OX40 antibodies by
BLI

Antibodies K, (1/ms) Ko (17s) Kp M)
TY007 1.71x10° 1.32%x 1073 7.71%107°
KHK4083 3.72x10° 1.2x107 3.24%107°
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characterization of functional variants, enabling the study
of intracellular signaling pathways (Nair and Baier 2018).
To identify the effectiveness of these antibodies, we estab-
lished a cell-based luciferase reporter assay to assess the
blocking effect of anti-OX40 scFv antibodies. As shown
in Fig. 2C, A8 demonstrated potent blocking of the OX40-
dependent NF-xB signal pathway. Together, these find-
ings demonstrate that the scFv antibody A8 substantially
inhibits the interaction between OX40 and OX40L at both
the molecular and cellular levels, thus warranting further
investigation.

Antibody binding activity of JY007

Based on the results above, we constructed an IgG format
of A8 (named JY007) and expressed it in CHO-S cells
(Fig. 3A). The SDS-PAGE assay was used to analyze
the purified antibodies, and the results showed that the
apparent molecular weight was 150 kDa in size. Upon
reduction, the apparent molecular weights of the heavy
and light chains were 50 and 25 kDa, respectively, with a
purity of over 90% (Supplementary Fig. S2B). Then, we
further evaluated the binding activities of JY007 to human
0X40 and Cynomolgus OX40. The ELISA results showed
that JY007 demonstrated a high binding affinity to human
0X40 and Cynomolgus OX40, similar to KHK4083
(Fig. 3B and C). Finally, BLI was used to measure the
affinity of JY007 binding to human OX40 with a K, of
7.71 nM compared to a Ky of 3.24 nM from KHK4083
(Fig. 3D and E, Table 1).

Antibody JY007 inhibits the OX40 interaction
with OX40L

Competitive ELISA was used to examine the ability of
JYO007 to block the interaction between OX40 and OX40L.
JY007 antagonized the interaction of OX40L with human
0X40 with an IC5, of 1.088 nmol/L (Fig. 4A), which
was about 1.63 times stronger than that of KHK4083.
Engagement of OX40 and OX40L for co-stimulatory mol-
ecules by the APCs is a key regulator of T cell responses
and viability through the NF-kB pathway that controls
the activity of intracellular targets for promoting the co-
stimulatory signal regulating proliferation and survival
of T cells (Song et al. 2008; Arch and Thompson 1998).
NF-kB activation was then determined by western blot-
ting. JY007 and KHK4083 were co-cultured with OX40
cells for 10 min, and then treatment with OX40L for
30 min was able to influence the activation of NF-xB
(Fig. 4B), indicating that JYO007 inhibits the OX40-
OXA40L interaction, thus affecting the NF-xB activation.
HT1080-0X40 cells with NF-kB luciferase reporter were
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Fig.4 Antibody JY007 blocks the OX40 interaction of OX40L. A
Competitive ELISA between OX40, JY007, and OX40L. Gradient
dilutions of JY007 were incubated with precoated OX40 and OX40L-
mFc, with HRP-conjugated goat anti-mouse 1gG (H+L) as the sec-
ond antibody. KHK4083, Kirin Pharmaceutical Co., was used as
a positive control. Error bars represent standard deviation. Data are
presented as mean+SD, n=6 in triplicate. B Western blotting assays.
HT1080-OX40 reporter cells were co-cultured with 100 nmol/L
JY007 or KHK4083 for 10 min and treated with 100 ng/mL OX40L-

co-cultured with different concentrations of anti-OX40
antibody and OX40L cells. Compared with OX40L, anti-
body treatment inhibited the reporter activity with an ICy
of 10.12 nmol/L, indicating that it can block the activa-
tion of NF-kB signaling in the assay system (Fig. 4C).
And the antibody JY007 was approximately 1.38 times
stronger than that of KHK4083, which is consistent with
the result of the western blot assay.

Antibody JY007 induces OX40" T cell depletion.

To investigate the function of JY007 at the cellular
level, we examined the expression of OX40 on the acti-
vated T cells. As shown in Fig. 5SA and B, activated T
cells can bind to KHK4083, JY007, and OX40L. Flow

mFc for 30 min, western blotting with Phospho-NF-kB p65 Rabbit
mAb as first antibody, with HRP-conjugated goat anti-rabbit IgG as
second antibody. Beta-actin served as a loading control. C Lucif-
erase reporter assay between OX40 and JY007 or OX40L. HT1080-
0X40 reporter cells were co-cultured with HEK-293T-OX40L cells
and JY007, followed by the determination of luciferase activity.
KHK4083 was used as a positive control. Error bars represent stand-
ard deviation. Data are presented as mean +SD, n=6 in triplicate. All
schematic illustrations were created by BioRender

cytometry was used to further the study, and JY007
effectively inhibited the OX40-OX40L interaction with
ICs, values of 2.665 nmol/L (Fig. 5C). Furthermore,
JY007 and KHK4083 induce the deletion of OX40* T
cells via FcyR-mediated induction of antibody-depend-
ent cellular cytotoxicity (ADCC), with ECs, values of
5.592 and 18.07 pmol/L, respectively (Fig. 5D). These
results revealed that the functional activity of JY007 was
stronger than that of KHK4083, which can potentially
block OX40 signaling and induce depletion of cells such
as effector T cells that express high levels of OX40.

@ Springer
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Fig.5 Antibody JYO007 induces OX40 positive T cell depletion. A
The binding of active T cells to antibodies. T cells were activated
at 37 °C for 3 days with 5 pg/mL PHA and 20 ng/mL hIL-2. JY007
and KHK4083 were incubated with the activated T cells at 4 °C for
1 h, with FITC anti-human IgG as a label antibody. B The binding
of active T cell to OX40L. OX40L-mFc were incubated with the
activated T cells at 4 °C for 1 h, with FITC anti-human IgG as label
antibody. C The flow cytometry blocking assay of JY007. Gradient
dilutions of JY007 were incubated with activated T cells and 0.2 pg/
mL OX40L-mFc, with FITC anti-mouse IgG (H+L) was used as
the secondary antibody. KHK4083 as a positive control. Error bars
represent standard deviation. Data are presented as mean+SD, n=6
in triplicate. D ADCC assay between JY007 and OX40 cells and
PBMC. Gradient dilutions of JYO07 were incubated with 2 x 10* tar-
get cells (HT1080-OX40-NF-kB-luc2) and 1.2x10° effector cells
(PBMC); E/T=60/1. KHK4083 as a positive control. Error bars rep-
resent standard deviation. Data are presented as mean+SD, n=6 in
triplicate. Schematic illustration created by BioRender

JY007 and KHK4083 have different binding epitopes
on 0X40

To determine the epitopes on OX40 recognized by JY007,
we first evaluated whether JY007 and KHK4083 bound
to the same epitopes on OX40 by competitive ELISA. The
results showed that JY007 had no competition with KHK4083

@ Springer

binding to OX40 (Supplementary Fig. S3). Alanine scanning
mutagenesis aims to identify those residues that contribute
the most to the free energy of interaction by sequentially
mutating residues in a protein of interest to alanine (Cunning-
ham et al. 1989). Therefore, we first used alanine scanning
to mutate key functional amino acids in OX40 to refine the
epitopes of JY007 and KHK4083 (Fig. 6A; Supplementary
Table 1) and evaluated the binding of JYO07 and KHK4083
to OX40 mutations. As a result, the binding of KHK4083 to
the mutants 0X40-8, 0X40-13, 0X40-14, 0X40-15, OX40-
16, and OX40-17 was dramatically reduced compared to its
binding to wild-type OX40 (Fig. 6B; Supplementary Table 2).
In particular, the binding of JY007 to these mutants was less
affected, except OX40-5 (Fig. 6C; Supplementary Table 3).
These data indicated that the epitope binding regions of
JY007 and KHK4083 on OX40 are different. Next, we used
molecular modeling to explore the binding mode of JY007 or
KHK4083, targeting OX40. In the OX40-JY007 and OX40-
KHK4083 binding models (Fig. 6E and F), the two antibodies,
JY007 and KHK4083, both occupy the OX40L binding site,
but the two themselves are non-competitive, consistent with
the competition experiments mentioned above (Fig. 6D). To
further validate the 3D model of OX40-JY007, we evaluated
the binding of JY007 to OX40 mutations, including Ser?® and
ASP*®. The binding of J'Y007 to these mutations was dramati-
cally reduced compared to its binding to wild-type OX40. In
contrast, the binding of KHK4083 to these mutants was less
affected (Fig. 6B; Supplementary Table 3; Fig. 6C; Supple-
mentary Table 3). By combining the computer simulations
and experiments above, we have established a binding model
for JY007 against OX40, which provides a theoretical basis for
the subsequent development of novel antibodies against OX40.

Discussion

The OX40-OX40L axis may enhance cytokine production
(such as IL-2 and IL-4) and facilitate antigen-specific mem-
ory T cell proliferation, survival, and expansion (Yan et al.
2013). Therefore, an agonistic mAb targeting co-stimulating
receptor OX40 on T cells, one of the most promising targets,
could promote an antitumor immune response by inducing
tumor anti-specific CD8" T-cell responses and decreasing
immunosuppressive regulatory T cells in vivo (Ruby et al.
2007). Stimulation of OX40 has been shown to increase
antigen-specific effector T cell responses and patient-spe-
cific memory T cell production for therapeutic immunization
strategies in cancer to prolong patient survival (Weinberg
et al. 2000; Sadun et al. 2008).

By contrast, an antagonistic antibody against OX40 on T cells
may suppress autoantigen-specific T cell responses and reduce
immune activities in autoimmunity diseases by blocking OX40
signaling. Some studies have shown that in vivo blockade of
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Fig.6 Epitope scanning for hotspot identification and model docking.
A Epitope scanning. Seventeen key OX40 residues were mutated to
alanine, and their binding to the antibody was tested. B Fold decrease
in the affinity of KHK4083 for different OX40 mutants. The bind-
ing activity of 100 nmol/L. KHK4083 to the OX40 mutants. The
fold decrease was calculated from the BLI of the KHK4083-OX40
interaction by comparing the K value of each mutant with wild-
type OX40. Five mutations (D74, K82, D117, S118, Y119, and
K120) significantly affect the fold decrease. C Fold decrease in the
affinity of JY007 for different OX40 mutants. The binding activity
of 100 nmol/L JY007 for the OX40 mutants. The fold decrease was

0X40 signaling specifically suppresses the function of recently
activated autoantigen-specific T cells, resulting in inhibition of
autoimmune disease without severe immunosuppression (Li
et al. 2007; Malmstrom et al. 2001; Nohara et al. 2001). Cur-
rent OX40-based antibody therapy for moderate or severe atopic
dermatitis has demonstrated remarkable success (Le and Tor-
res 2022; Newsom et al. 2020). Nevertheless, there have been
instances where patients have withdrawn from clinical trials due
to adverse reactions associated with the use of these antibody

calculated from the BLI of the JY007-OX40 interaction by compar-
ing the Ky, value of each mutant with wild-type OX40. P37 signifi-
cantly affects the fold decrease. D The 3D structure of OX40 binding
to KHK4083 and JY007. KHK4083 (blue) and JY007 (green) bind
to the different epitopes of OX40 (yellow). E The 3D structure of
0X40-KHK4083. The five key positions of the affinity-changing resi-
due (D74, K82, D117, S118, Y119, and K120) have been identified
and mapped to the KHK4083 binding interface. F The 3D structure
of OX40 binding to JY007. P37 was identified as a key affinity-modi-
fying residue position and mapped to the JY007 binding interface

drugs (Guttman-Yassky et al. 2019, 2023). Furthermore, pro-
longed exposure to monoclonal antibody drugs can lead to the
development of drug resistance, thus limiting their effectiveness
(Moccia et al. 2020; Martinez-Navio et al. 2020). Therefore,
there is an urgent need for a new anti-OX40 antagonist antibody
to meet the increasing medical demands of patients.

In this study, we screened a naive human scFv phage library
against OX40 and discovered that scFv antibody A8 exhibits a
high affinity for OX40 and effectively blocks the OX40-OX40L
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interaction. Research demonstrated that a bivalent immuno-
globulin G (IgG) format can improve scFv antibody particular
effector function, half-life, and avidity (Sterner and Zehetmeier
2017), so we constructed an IgG1 antibody based on the genes
of A8 VH and A8 VL and named it JYO007 for further research.
Our findings showed that JY007 binds to OX40 with high affin-
ity, approximately 3 times higher than the scFv format, likely
due to its conventional bivalent format.

In patients with atopic dermatitis, OX40 is highly
expressed in damaged skin and is associated with antigen-
specific T cells (Cavanagh and Hussell 2008), and the
0OX40L-0X40 axis plays a role in the sustained activation
and expansion of effector T cells and effector memory T
cells, which can have lasting effects on immune function
(Furue and Furue 2021). Our results demonstrated that
JYO007 has comparable activities to KHK4083, with strong
blocking activity against OX40 signaling and the ability to
induce OX40™ T cells depletion. This suggests the potential
efficacy of JY0O7 in treating patients with atopic dermatitis
caused by unregulated OX40 signaling.

Molecular docking has become a fast alternative for
studying the molecular basis of antigen—antibody interac-
tions (Yang et al. 2019). Docking methods can be classi-
fied into two categories according to the sampling strat-
egy applied during the simulation. The first class includes
exhaustive searches for different antigen—antibody confor-
mations without using knowledge of interface residues, the
so-called ab initio docking algorithm and methods. The
second includes data-driven docking algorithms that use
predicted or experimentally determined epistasis and parity
constraints to guide the search process (Ambrosetti et al.
2020). In our study, we performed data-driven docking to
predict the structural interfaces between OX40 and JY007
or KHK4083. These predictions were based on functional
assays of JY007, competitive ELISA between JY007 and
KHK4083, and alanine scanning data. Interestingly, we
found that JY007 binds to Pro®’, Ser’®, and Asp40 residues
of OX40; whereas, KHK4083 binds to Asp’#, Lys®, Asp'!”,
Ser''® Tyr''®, and Lys'? residues. These results indicated
that JY007 and KHK4083 target different epitopes on OX40.
The function of JY007 provided a solution for the drug
resistance caused by KHK4083 in AD therapy, providing
more choices for AD patients. In further studies, JY007 will
be further evaluated through animal experiments to assess
its therapeutic effect on atopic dermatitis.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s42995-025-00284-y.

Acknowledgements We thank Jingyuan Biosciences (Suzhou) Co.,
Ltd. for providing the naive human scFv phage library. All schematic
illustrations of the study were created by BioRender. This study was
funded by the Qingdao Marine Science and Technology Center (8-01
and No.20220NLMO030003-4), National Key Research and Develop-
ment Program of China (2024YFA0918404 and 2022YFF0713100),

@ Springer

the Taishan Scholars Program (No. tsqn202211058), and Jingyuan
Biosciences (Suzhou) Co., Ltd.

Data availability The GenBank submissions staff and have received
confirmation of the email address. The nucleotide sequences
already available on GenBank: BankIt2731580 A1_VL; OR405855;
BankIt2731729 A1_VH; OR405861. BankIt2731580 A8_VL;
OR405856; BankIt2731729 A8_VH; OR405862. BankIt2731580 A9_
VL; OR405857; BankIt2731729 A9_VH,; OR405863.
BankIt2731580 C8_VL; OR405858; Banklt2731729 C8_VH;
OR405864. BankIt2731580 G2_VL; OR405859; BankIt2731729 G2_
VH; OR405865. BankIt2731580 G8_VL; OR405860;
BankIt2731729 G8_VH; OR405866.

Declarations

Conflict of interest Lin Liu and Xiaobo Chen were employees of Jingyuan
Biosciences (Suzhou) Co., Ltd. All data in this report were generated at
Jingyuan Biosciences (Suzhou) Co., Ltd. All other authors declare that the
research was conducted in the absence of any commercial or financial re-
lationship that could be construed as a potential conflict of interest. Author
Yuchao Gu is a member of the Editorial Board, but he was not involved in
the journal’s review of or decision related to this manuscript.

Animal and human rights This article does not contain any studies
involving human subjects or animals performed by any of the authors.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Ambrosetti F, Jimenez-Garcia B, Roel-Touris J, Bonvin A (2020) Mod-
eling antibody-antigen complexes by information-driven docking.
Structure 28:119-129

Arch RH, Thompson CB (1998) 4-1BB and OX40 are members of a
tumor necrosis factor (TNF)-nerve growth factor receptor subfam-
ily that bind TNF receptor-associated factors and activate nuclear
factor kappaB. Mol C 18:558-565

Badloe FMS, De Vriese S, Coolens K, Schmidt-Weber CB, Ring J,
Gutermuth J, Kortekaas Krohn I (2020) IgE autoantibodies and
autoreactive T cells and their role in children and adults with
atopic dermatitis. Clin Transl Allergy 10:34

Bonamonte D, Filoni A, Vestita M, Romita P, Foti C, Angelini G
(2019) The role of the environmental risk factors in the patho-
genesis and clinical outcome of atopic dermatitis. Biomed Res
Int 2019:2450605

Brand TM, lida M, Wheeler DL (2011) Molecular mechanisms of
resistance to the EGFR monoclonal antibody cetuximab. Cancer
Biol Ther 11:777-792

Calderhead DM, Buhlmann JE, van den Eertwegh AJ, Claassen E,
Noelle RJ, Fell HP (1993) Cloning of mouse OX40: a T cell


https://doi.org/10.1007/s42995-025-00284-y
http://creativecommons.org/licenses/by/4.0/

Marine Life Science & Technology (2025) 7:328-339

339

activation marker that may mediate T-B cell interactions. J Immu-
nol 151:5261-5271

Cavanagh MM, Hussell T (2008) Is it wise to target the late costimula-
tory molecule OX40 as a therapeutic target? Arch Immunol Ther
Exp (Warsz) 56:291-297

Chen J, Xu L, Zhang X-Q, Liu X, Zhang Z-X, Zhu Q-M, Liu J-Y, Igbal
MO, Ding N, Shao C-L, Wei M-Y, Gu Y-C (2023) Discovery of a
natural small-molecule AMP-activated kinase activator that allevi-
ates nonalcoholic steatohepatitis. Mar Life Sci Technol 5:196-210

Compaan DM, Hymowitz SG (2006) The crystal structure of the
costimulatory OX40-OX40L complex. Structure 14:1321-1330

Cunningham BC, Jhurani P, Ng P, Wells JA (1989) Receptor and anti-
body epitopes in human growth hormone identified by homolog-
scanning mutagenesis. Science 243:1330-1336

Farcet JP, Oudhriri N, Gourdin MF, Bouguet J, Fradelizi D, Reyes
F (1984) Heterogeneous accessory cell requirement for human
peripheral blood T lymphocyte activation by PHA into IL-2-re-
sponsive colony-forming cells. Cell Immunol 87:167-176

Furue M, Furue M (2021) OX40L-0X40 signaling in atopic dermatitis.
J Clin Med 10:2578

Guttman-Yassky E, Pavel AB, Zhou L, Estrada YD, Zhang N, Xu H,
Peng X, Wen HC, Govas P, Gudi G, Ca V, Fang H, Salhi Y, Back
J, Reddy V, Bissonnette R, Maari C, Grossman F, Wolff G (2019)
GBR 830, an anti-OX40, improves skin gene signatures and clini-
cal scores in patients with atopic dermatitis. J Allergy Clin Immu-
nol 144:482-493

Guttman-Yassky E, Simpson EL, Reich K, Kabashima K, Igawa K,
Suzuki T, Mano H, Matsui T, Esfandiari E, Furue M (2023) An
anti-OX40 antibody to treat moderate-to-severe atopic dermatitis:
a multicentre, double-blind, placebo-controlled phase 2b study.
Lancet 401:204-214

Kader HA, Azeem M, Jwayed SA, Al-Shehhi A, Tabassum A, Ayoub
MA, Hetta HF, Waheed Y, Iratni R, Al-Dhaheri A, Muhammad K
(2021) Current insights into immunology and novel therapeutics
of atopic dermatitis. Cells 10:1392

Laughter MR, Maymone MBC, Mashayekhi S, Arents BWM, Karim-
khani C, Langan SM, Dellavalle RP, Flohr C (2021) The global
burden of atopic dermatitis: lessons from the global burden of
disease study 1990-2017. Br J Dermatol 184:304-309

Le AM, Torres T (2022) OX40-OX40L inhibition for the treatment of
atopic dermatitis-focus on Rocatinlimab and Amlitelimab. Phar-
maceutics 14:2753

Li M, Yang Q, Zhang Y (2007) Effects of CD134 monoclonal anti-
body on hemolysis activities and expression of perforin in periph-
eral blood mononuclear cells of systemic lupus erythematosus
patients. Hybridoma (Larchmt) 26:191-200

Liu J-Y, Jiang Y-Y, Li P-J, Yao B, Song Y-J, Gao J-X, Said G, Gao Y,
Lai J-Y, Shao C-L (2024a) Discovery of a potential bladder can-
cer inhibitor CHNQD-01281 by regulating EGFR and promoting
infiltration of cytotoxic T cells. Mar Life Sci Technol 6:502-514

Liu X, Wang Y, Sun L, Xiao G, Hou N, Chen J, Wang W, Xu X, Gu Y
(2024b) Screening and optimization of shark nanobodies against
SARS-CoV-2 spike RBD. Antiviral Res 226:105898

Malmstrom V, Shipton D, Singh B, Al-Shamkhani A, Puklavec MJ,
Barclay AN, Powrie F (2001) CD134L expression on dendritic
cells in the mesenteric lymph nodes drives colitis in T cell-
restored SCID mice. J Immunol 166:6972-6981

Martinez-Navio JM, Fuchs SP, Mendes DE, Rakasz EG, Gao G, Lif-
son JD, Desrosiers RC (2020) Long-term delivery of an anti-SIV
monoclonal antibody with AAV. Front Immunol 11:449

Mirdita M, Schutze K, Moriwaki Y, Heo L, Ovchinnikov S, Steinegger
M (2022) ColabFold: making protein folding accessible to all. Nat
Methods 19:679-682

Moccia AA, Taverna C, Schar S, Vanazzi A, Rondeau S, Hitz F, Mingrone
W, Pabst T, Cevreska L, Del Giglio A, Raats J, Rauch D, Vorobiof
DA, Lohri A, Ruegsegger C, Biaggi Rudolf C, Rusterholz C, Hayoz

S, Ghielmini M, Zucca E (2020) Prolonged rituximab maintenance
in follicular lymphoma patients: long-term results of the SAKK 35/03
randomized trial. Blood Adv 4:5951-5957

Nair AK, Baier LJ (2018) Using luciferase reporter assays to identify
functional variants at disease-associated Loci. Methods Mol Biol
1706:303-319

Nakagawa H, lizuka H, Nemoto O, Shimabe M, Furukawa Y, Kikuta
N, Ootaki K (2020) Safety, tolerability and efficacy of repeated
intravenous infusions of KHK4083, a fully human anti-OX40
monoclonal antibody, in Japanese patients with moderate to severe
atopic dermatitis. J] Dermatol Sci 99:82-89

Newsom M, Bashyam AM, Balogh EA, Feldman SR, Strowd LC
(2020) New and emerging systemic treatments for atopic derma-
titis. Drugs 80:1041-1052

Nohara C, Akiba H, Nakajima A, Inoue A, Koh CS, Ohshima H, Yagita
H, Mizuno Y, Okumura K (2001) Amelioration of experimental
autoimmune encephalomyelitis with anti-OX40 ligand monoclo-
nal antibody: a critical role for OX40 ligand in migration, but not
development, of pathogenic T cells. J Immunol 166:2108-2115

Ohshima Y, Tanaka Y, Tozawa H, Takahashi Y, Maliszewski C,
Delespesse G (1997) Expression and function of OX40 ligand on
human dendritic cells. J Immunol 159:3838-3848

Ruby CE, Redmond WL, Haley D, Weinberg AD (2007) Anti-OX40
stimulation in vivo enhances CD8* memory T cell survival and
significantly increases recall responses. Eur J Immunol 37:157-166

Sadun RE, Hsu WE, Zhang N, Nien YC, Bergfeld SA, Sabzevari H,
Lutsiak ME, Khawli L, Hu P, Epstein AL (2008) Fc-mOX40L
fusion protein produces complete remission and enhanced survival
in 2 murine tumor models. J Immunother 31:235-245

Smith MR (2003) Rituximab (monoclonal anti-CD20 antibody): mech-
anisms of action and resistance. Oncogene 22:7359-7368

So T, Ishii N (2019) The TNF-TNFR family of co-signal molecules.
Adv Exp Med Biol 1189:53-84

Song J, So T, Croft M (2008) Activation of NF-kappaB1 by OX40
contributes to antigen-driven T cell expansion and survival. J
Immunol 180:7240-7248

Sterner A, Zehetmeier C (2017) High-throughput IgG conversion of
phage displayed Fab antibody fragments by AmplYFast. Methods
Mol Biol 1575:121-143

Vanamee ES, Faustman DL (2018) Structural principles of tumor
necrosis factor superfamily signaling. Sci Signal 11:eaa04910

Webb GJ, Hirschfield GM, Lane PJ (2016) OX40, OX40L and auto-
immunity: a comprehensive review. Clin Rev Allergy Immunol
50:312-332

Weinberg AD, Rivera MM, Prell R, Morris A, Ramstad T, Vetto JT,
Urba W1J, Alvord G, Bunce C, Shields J (2000) Engagement of the
OX-40 receptor in vivo enhances antitumor immunity. J Immunol
164:2160-2169

Xi X, Xiao G, An G, Liu L, Liu X, Hao P, Wang JY, Song D, Yu W,Gu Y
(2023) A novel shark single-domain antibody targeting OGT as a tool
for detection and intracellular localization. Front Immunol 14:1062656

Yan J, Su H, Xu L, Wang C (2013) OX40-OX40L interaction promotes
proliferation and activation of lymphocytes via NFATc1 in ApoE-
deficient mice. PLoS ONE 8:e60854

Yang B, Lin SJ, Ren JY, Liu T, Wang YM, Li CM, Xu WW, He YW,
Zheng WH, Zhao J, Yuan XH, Liao HX (2019) Molecular docking
and molecular dynamics (MD) simulation of human anti-comple-
ment factor H (CFH) antibody Ab42 and CFH polypeptide. Int J
Mol Sci 20:2568

@ Springer



	A novel anti-OX40 human monoclonal antibody that blocks OX40OX40L signaling and depletes OX40+ T cells
	Abstract
	Introduction
	Materials and methods
	Screening of a human scFv phage display library against OX40
	Polyclonal phage ELISA
	Monoclonal phage ELISA
	Expression and purification of scFv antibodies
	ELISA binding assays
	Competitive ELISA assays
	Luciferase reporter assay for scFv antibodies
	Expression and purification of IgG antibody
	Binding assay to human OX40
	Species cross-binding activity
	Antibody affinity determination by biolayer interferometry
	Blockade of OX40L to OX40
	Western blotting assays
	Luciferase reporter assay of IgG antibody
	Flow cytometry assay
	ADCC assay
	Epitope-blocking ELISA assay
	Alanine scanning
	Computational model
	Confirmation of the 3D structure of OX40-JY007

	Results
	Screening of Anti-OX40 antibodies from naïve human scFv phage library
	Functional characterization of the anti-OX40 scFv antibody in vitro
	Antibody binding activity of JY007
	Antibody JY007 inhibits the OX40 interaction with OX40L
	JY007 and KHK4083 have different binding epitopes on OX40

	Discussion
	Acknowledgements 
	References




