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ABSTRACT

Background

Fibrosis is a hallmark of organ failure observed after chronic epithelial injury and
inflammation. The transforming growth factor beta (TGF-) is the master regulator of
fibrogenesis, so blockade of the TGF-3 pathway is a potential treatment strategy for fibrosis;
however, the therapeutic potential of pan-TGF-f blockade is limited by side effects.

Methods

We generated SOF10, a humanized antibody that targets latent TGF-B1 and selectively blocks
protease- and integrin avp8-mediated latent TGF-B1 activation. We conducted gene
expression and histological analyses in nonalcoholic steatohepatitis (NASH)/liver fibrosis
and renal interstitial fibrosis models. We also evaluated the combination effect of SOF10 with
an immune checkpoint inhibitor in a syngeneic mouse model and performed safety studies in
mice and monkeys.

Results

Here we show that SOF10 reduces fibrosis in NASH/liver fibrosis and renal interstitial
fibrosis models and improves renal function in a chronic kidney disease model. Furthermore,
the combination of SOF10 with an anti-PD-L1 antibody decreases tumor growth in a
syngeneic mouse model. SOF10 demonstrates safety in both mice and monkeys.

Conclusions

Selective blockade of latent TGF-B1 activation represents a promising approach for treating a
broad range of fibrotic diseases and cancers. By specifically targeting TGF-B1, SOF10 may
offer a safer and more effective therapeutic option compared to non-selective TGF-3
inhibitors. This strategy has the potential to transform the treatment paradigm for fibrosis-

related conditions.



Plain language summary

Fibrosis, the excessive scarring of tissues, contributes to organ failure in many diseases.
While increased amounts of a protein called TGF- can encourage development of fibrosis,
complete removal of its activity causes harmful side effects. We developed a protein called
SOF10 that selectively blocks only some of the activities of TGF-1. In our studies, SOF10
reduced scarring in models of liver and kidney disease, improved kidney function, and
enhanced cancer treatment when combined with immunotherapy treatments. Importantly,
SOF10 proved safe in both mice and monkeys. This selective approach to blocking TGF-$1
activity could be a promising strategy for treating various fibrotic diseases and cancers with
fewer side effects than complete TGF-f blockade. Our findings could lead to new treatment

options for patients suffering from chronic organ damage and certain cancers.

INTRODUCTION

Fibrosis refers to the pathological thickening or scarring of tissue that occurs during
conditions involving chronic injury or inflammation'. In the long term, fibrosis leads to the
functional impairment of most organs.? Additionally, kidney fibrosis is a common
pathological feature and final manifestation of chronic kidney disease (CKD), which leads to
a decline in renal function®. Fibrosis is also a critical risk factor for cancer, enhancing tumor
cell growth, survival, migration, and drives the epithelial-mesenchymal transition*. In cancer
patients, fibrosis can impair tumor responsiveness to immune checkpoint inhibitors (ICIs), by
creating physical barriers in the tumor stroma, impeding the delivery of immunotherapeutic
agents and the infiltration of immune cells into tumor tissues® ¢. Therefore, molecular target

therapy is needed to address fibrosis in affected patients.



Transforming growth factor beta (TGF-f), a cytokine with three different isoforms,
TGF-B1, TGF-B2, and TGF-B3, induces fibroblast activation, which results in ECM
accumulation’. TGF-B is thought to be a master regulator in fibrotic diseases such as, CKD,
NASH, and idiopathic pulmonary fibrosis ”>®. Moreover, TGF- promotes cancer progression
by inducing the formation of cancer-associated fibroblasts (CAFs), which leads to increased
ECM production’ and suppresses the antitumor activities of immune cells, ultimately creating
an immunosuppressive environment that prevents or attenuates the efficacy of cancer
immunotherapy, such as ICIs'® !, In addition, TGF-P is a well-characterized
immunosuppressive cytokine that can modulate the functions of immune cell populations'?
13 This suggests that TGF-B causes immunosuppressive changes in the tumor
microenvironment through increased fibrosis or direct suppression of immune cells that
restrain antitumor immunity.

Therefore, therapeutic approaches that block TGF-f3 hold great promise for the
treatment of fibrosis-associated diseases and cancer.

To date, multiple agents targeting TGF-3 have been developed for the treatment of
fibrosis-related diseases and cancer; however, there is substantial evidence that pan-TGF
blockade is not a safe treatment option. Specifically, previous nonclinical studies have shown
that inhibitors of multiple TGF-f isoforms (pan-TGF-f) cause severe cardiotoxicity and
bleeding'* !> 1®_ In clinical trials, patients treated with pan-TGF-p inhibitors had a variety of
toxicity-associated symptoms, such as skin neoplasms'’, bleeding and severe hemorrhagic
events'®. Thus, due to the limitations of pan-TGF-p inhibition, selective inhibition of different
TGF-B isoforms might be a preferred therapeutic option for such diseases.

Among the known TGF-f isoforms, TGF-B1 is the most highly expressed in the

majority of solid tumors'® and in the renal fibrosis?’., wherein the efficacy of selective



antibody-mediated inhibition of TGF-B1 has been shown to be comparable in targeting all
three isoforms in vivo kidney model, suggesting that TGF-B1 is the dominant TGF-f isoform
driving fibrosis in the kidney?!. Blocking the TGF-B1 pathway by selectively targeting latent
TGF-B1 has been shown to enhance the antitumor immune response by inhibiting
immunosuppression mediated by TGF-B1'%?? and have an antifibrotic effect in kidney
fibrosis models?} suggesting that selectively inhibiting TGF-B1 may be a safe and effective
approach. However, long-term continuous TGF-B1 blockade could increase the risk of
associated toxicity, such as inflammation, limiting its clinical application for the treatment of
chronic diseases. For example, in previous studies, mice with TGF-f1 deletion were reported
to have a short lifespan due to inflammation in multiple organs®* >, and TGF-B1 gene
mutations that disrupt protein activity have been linked to severe infantile inflammatory
bowel disease (IBD) and central nervous system diseases>*. Together, these observations
indicate that, there are several challenges related to the use of TGF-B1 blockade to mitigate
fibrosis. Mature TGF-P1 is secreted in a latent complex with latency associated protein 26,
called the small latent complex (SLC)’. While mature TGF-B1, TGF-B2, and TGF-B3 share
high sequence homology, their LAP regions are quite different, allowing them to be activated
in different ways?’. Several mechanisms have been reported to elicit latent TGF-B1
activation®®2%3%_ Overall, there are two distinct mechanisms of latent TGF-B1 activation,
protease-mediated latent TGF-B1 activation and integrin-mediated TGF-B1 activation, both of
which result in the release of mature TGF-B1 from the latent complex in a tightly regulated
manner. The first mechanism is mediated by proteases such as metalloproteinase (MMP)2
and MMP9, which are highly elevated in fibrotic tissues® >!'. Other proteases activated in
fibrotic areas, such as plasmin (PLN) and plasma kallikrein (PLK), activate latent TGF-$1 by

cleaving specific sites near the latency lasso of the latent complex®.



The second mechanism of latent TGF-B1 activation is mediated by integrins and
involves a conformational change induced by the binding of integrins to the RGD site of
LAP?2. Integrin-mediated latent TGF-B1 activation is associated with proper TGF-B1 function
in fibrotic tissues and is critical for TGF-B-driven autoinflammation, as mice with the TGF-
B1 RGE mutation and elimination of integrin-mediated activation have the same phenotype as
TGF-B1 knockout (KO) mice?. In particular, integrins avp6 and avp8 have been reported to
have the highest affinity for latent TGF-B1 among integrins and induce TGF-B1 activation®
3435 The contribution of other av-containing integrins, such as avf1, avp3, avp5, in latent
TGF-B1 activation have been suggested ***7. However, we consider the contribution of these
integrins to be minimal based on the data showing transfectants expressing a V6 and a V8,
but not aV cotransfected with B1, B3, or B5 subunits, can activate pro-TGF-B°. Nevertheless,
given that integrin B1 has been shown to be involved in mouse wound healing, we
hypothesized that integrin avB1 may play an indirect or context-dependent role in the process
of latent TGF- B 1 activation during tissue repair*®. More critically for therapeutic
development, mice that lack activity of both avB6 - and avp8-integrins develop severe
autoimmunity, similar to TGF-B1 KO mice*®. Therefore, blocking both integrin avp6- and
avp8-mediated latent TGF-B1 activation is unsafe. Furthermore, integrin 6 KO mice exhibit
inflammatory infiltration in the skin and increased alveolar inflammation, suggesting that
avf6 integrin-mediated latent TGF-B1 activation is important for immune system function®”
40,41.42 Moreover, in a clinical study of fibrosis, targeting avp6 with an anti-integrin avp6
antibody failed to result in clinical benefits and increased the likelihood of adverse events,
likely reflecting on-target effects*. As the development of organ fibrosis therapies targeting
latent TGF-PB1 activation is currently lacking due to the complexity of the activation process,

an improved understanding of the effects of selectively modulating of latent TGF-1



activation is critical for the development of a safer therapeutic approach for inhibiting the
TGF-p pathway in fibrosis.

In this study, given the link of integrin avp6 with tox events, we hypothesize that a
therapeutic that would block any TGF-B1 activation, but the one mediated by integrin avf6 is
a safe method for suppressing fibrosis. To test our hypothesis, we generated SOF10, a
humanized monoclonal antibody that blocks protease- and integrin avp8-mediated latent
TGF-B1 activation, and use it to characterize the mechanism underlying its effects. Here, we
found that the selective blockade of protease- and integrin avp8-mediated latent TGF-1
activation has antifibrotic effects and good safety.

METHODS

Antibody generation

The anti-latent TGF-B1 antibody was first isolated from the B cells of NZW rabbits that had
been immunized intradermally with a mixture of mouse and human latent TGF-B1. The anti-
latent TGF-B1 antibody was humanized and further optimized by introducing multiple
mutations into the heavy and light chains to improve its properties, ultimately yielding
SOF10. The recombinant antibody was transfected into cells via the FreeStyle 293
Expression System or the Expi293 Expression System (Thermo Fisher Scientific). A Chinese
hamster ovary (CHO) cell line was purchased and optimized at the CRO. CHO cells stably
expressing SOF10 were generated at the CRO via plasmid transfection and used for large-
scale production. Medium conditioned by cells expressing the antibody was purified on a
column packed with Protein A resin and eluted with an acidic solution. The fractions
containing the antibody were collected and subsequently subjected to gel filtration to remove
high molecular weight species, if necessary. SOF10 is composed of either human or mouse

IgG1 Fc with mutations to reduce Fcy receptor binding and improve the pharmacokinetic



profile**. The anti-pan mature TGF-B antibody GC1008 (mFc) was generated as described in
US patent no. US 8,383,780 and was purified via the same method as SOF10. The anti-KLH
antibody IC17 was generated as described in patent WO2019/069993 and purified via the

same method as SOF10.

Protease-mediated latent TGF-B1 activation assay

hSLC was preincubated with or without antibodies or protease inhibitors for 30 min at room
temperature. The preincubated latent TGF-1 was then activated at 37°C by the protease
human plasmin (Calbiochem) for 1 hour, human kallikrein (Enzyme Research Laboratories)
for 2 hours or activated MMP2 or MMP9 (R&D Systems) for 2 hours. The extent of TGF-1
activation was analyzed by measuring mature TGF-B1 levels via ELISA (Human TGF-beta 1

Quantikine ELISA Kit, R&D Systems) according to the manufacturer’s instructions.

Integrin avp6- and avp8-mediated TGF-f1 activation assay

HEK-Blue™ TGF-B cells were seeded into 96-well plates in assay medium (RPMI-1640
(Sigma or Nacalai Tesque) with 10% fetal bovine serum (FBS; Sigma)). Next, SOF10, IgG1
(Sigma; #15154, Lot: SLCK8164), an anti-TGF-1,2,3 antibody (R&D Systems; #MAB1835-
500, clone 1D11, Lot: CCI1521101, CCI1822082), an anti-avB8 antibody (Creative BioLabs;
#HPAB-N0303-YC, clone C6D4, Lot: CB2105LX07), or an anti-integrin aVB6 antibody
(Sigma; #MAB2077Z, clone 10D5, Lot: 3916721, 3959495) was added to the wells. Next,
Detroit 562 cells or LC-1sq cells were added to the wells for coincubation with HEK-Blue™
TGF-B cells overnight. Finally, the culture medium was mixed with QUANTI-Blue

(InvivoGen), and the optical density at 620 nm was measured with a multilabel reader.



Cell lines

HEK-Blue™ TGF-B cells (HEK293 cell-derived TGF-B-responsive reporter cells) were
purchased from InvivoGen (#hkb-tgfb) and maintained in DMEM (Sigma or Nacalai Tesque)
supplemented with 10% FBS (Sigma), | mM sodium pyruvate (Thermo Fisher Scientific), 50
U/mL streptomycin, 50 pg/mL penicillin (Thermo Fisher Scientific) and 100 ug/mL
Normocin (InvivoGen) until passage 2, after which the cells were maintained in DMEM
supplemented with 10% FBS, 1 mM sodium pyruvate, 50 U/mL streptomycin, 50 pg/mL
penicillin, 100 pg/mL Normocin, 30 pg/mL blasticidin (InvivoGen), 200 ug/mL HygroGold
(InvivoGen) and 100 pug/mL Zeocin (InvivoGen). Detroit 562 cells were purchased from
American Type Culture Collection (ATCC) (CCL-138) and maintained in EMEM (Sigma)
supplemented with 10% FBS (Sigma). LC-1sq cells were purchased from Japanese
Collection of Research Bioresources (JCRB) (JCRB0258) and maintained in a 1:1 mixture of
RPMI-1640 (Sigma) and Ham's F12 (Thermo Fisher Scientific) supplemented with 10% FBS
(Sigma). EMT6 cells were purchased from ATCC (CRL-2755) and maintained in RPMI-1640
(Sigma or Nacalai Tesque) supplemented with 10% FBS (Nichirei Biosciences or Corning).

All cell lines were routinely tested for mycoplasma contamination and confirmed negative.

Analysis of binding kinetics via surface plasmon resonance

The binding kinetics between SOF10 and SLC were assessed via a Biacore™ T200
instrument (Cytiva). Anti-human Igk (BD Biosciences) was immobilized onto a sensor chip
(Cytiva) by amine coupling. After SOF10 was captured on the anti-human Igk-immobilized
sensor chip, hSLC, cySLC, or mSLC (Chiome Bioscience, Inc.) was injected as the analyte.
Kinetic parameters were determined by fitting the sensorgrams with a 1:1 binding model

using Biacore T200 Evaluation Software, version 2.0 (Cytiva). SOF10 binding to TGF-f3



isoforms was assessed in the same method by injecting human latent TGF-B2, 3(Chugai
Pharmabody Research), human TGF-B1, 2, or 3(R&D systems) as the analyte. Analysis was

carried out via Biacore T200 Evaluation Software, version 3.2.1(Cytiva).

Preparation and crystallization of the human latent TGF-$1-SOF10 Fab fragment
complex

To analyze the SOF10—human latent TGF-B1 complex, the Fab fragment of SOF10 was
obtained by limited digestion with the endoproteinase Lys-C (Roche), cation exchange,
protein A affinity chromatography and size exclusion chromatography. A fragment of the
human latent TGF-B1 protein (amino acid residues 30-390 with the C33S mutation) with a
signal sequence and FLAG fused to its N-terminus was expressed in FreeStyle293F cells
(Thermo Fisher Scientific) in the presence of the mannosidase I inhibitor kifunensine.
Soluble human latent TGF-B1 was purified from the harvested culture supernatants by
FLAG-tag affinity and size exclusion chromatography. Purified human latent TGF-B1 was
mixed with the purified SOF10 Fab fragment at a molar ratio of 1:2.8 (TGF-B1: SOF10 Fab).
The complex was purified by size exclusion chromatography following equilibration with 20
mM HEPES (pH 7.1) and 100 mM NaCl. The purified complexes were concentrated to
approximately 12.6 mg/mL, and crystallization was carried out by sitting drop vapor
diffusion at 20°C. The reservoir solution consisted of 0.2 M sodium acetate trihydrate, 0.1 M
imidazole hydrochloride (pH 8.0), and 10.0 % w/v polyethylene glycol 8,000. Crystals were
cryoprotected by quickly soaking them in crystallization buffer supplemented with 20%

ethylene glycol before flash cooling in liquid nitrogen.



Data collection and structure determination

Diffraction data were collected on the beamline X10SA at the Swiss Light Source at the Paul
Scherrer Institute. After image data processing with autoPROC*, which uses XDS* and
AIMLESSY in the CCP4 software suite®® and STARANISO®, the initial model was solved
with molecular replacement using a homology model of SOF10 Fab from MOE (Chemical
Computing Group) and pro-TGF-B (PDB code: SFFO) as the search models in Phaser™’. The
final model was refined via iterative model building in COOT?!, refinement in PHENIX>? and
BUSTER?™ and evaluation with MolProbity>*. The collected and refined data are provided in
Table 1. The structure of the complex has been deposited in the RCSB Protein Data Bank
with PDB code 9VJ]J. All graphical representations were prepared with PyMOL version 2.5.7

(Schrodinger, LLC).

Animal studies

All procedures associated with this study were reviewed and approved by the Institutional
Animal Care and Use Committee (IACUC) in Chugai Pharmaceutical Co., Ltd., Chugai
Pharmabody Research Pte. Ltd., or the Contract Research Organization. All animal studies
were conducted in the animal facility accredited by the Association for Assessment and
Accreditation of Laboratory Animal Care (AAALAC). Animals were housed in a
temperature- and humidity-controlled room with food and water ad libitum. Sample size was
determined according to our previous studies. No statistical method was used to determine

sample size. The studies were not blinded.

Alport syndrome mouse model

All mice were purchased from CLEA Japan, Inc. Col4a3 KO mice are well-characterized



models of Alport syndrome that exhibit progressive glomerular disease and CKD-related
phenotypes, including persistent proteinuria, renal inflammation, and fibrosis. Col4a3 KO
mice were generated via zinc finger nuclease (ZFN)-mediated gene editing as previously
described®. Age-matched male WT C57BL/6N mice with vehicle treatment were used as
normal controls (N=4). Male mice were used in this study to ensure more consistent disease
progression and to minimize variability. The Col4a3 KO mice were divided into the
following 2 groups: a group treated with an isotype control antibody IC17 (mFc) (50 mg/kg,
N=12) and a group treated with SOF10 (mFc) (50 mg/kg, N=14). Animal grouping was
conducted based on renal parameters at week 13. Since this is a spontaneous progression
model, mice will be excluded from the analysis if their renal parameters are identified as
outliers at the time of treatment initiation. Two mice in the isotype antibody treatment group
were removed from the analysis due to severe disease progression at week 14.

All monoclonal antibodies were administered subcutaneously twice per week from 14 to 20
weeks of age, and analysis was performed at 21 weeks of age. Renal function was assessed
by collecting plasma and urine every two weeks, and kidney fibrosis was evaluated at 21
weeks of age by measuring the changes in gene expression and hydroxyproline content and

by histopathological analysis.

Long term CDAHFD-induced NASH/liver fibrosis mouse model

Five-week-old male C57BL/6NTac mice were purchased from Invivos Pte Ltd (Singapore) and
acclimated for 1 week before the start of treatment. Male mice were used in this study to
ensure more consistent disease progression and to minimize variability. The mice were
divided into the following 4 groups: a group fed a normal control diet and treated with an

isotype control antibody (IC17 (hFc), 30 mg/kg, N=5);a group fed a CDAHFD and treated



with an isotype control antibody (IC17 (hFc), 30 mg/kg, N=15); and two groups fed a
CDAHEFD and treated with SOF10 (10 mg/kg or 30 mg/kg, N=15). A choline-deficient, L-
amino acid-defined, high-fat diet (The mice in the CDAHFD fed groups were given a
CDAHFD (Research Diets New Brunswick, NJ, USA) for 9 weeks. The mice in the normal
control group were fed with a commercial standard diet (5P75; PMI Nutrition INT'L (LabDiet),
Missouri, United States). All monoclonal antibodies were administered subcutaneously once per week

from when CDAHFD feeding began and up to 9 weeks. Changes in gene expression and

hydroxyproline contents in the mouse livers were evaluated at week 9.

UUO-induced kidney fibrosis mouse model

Seven-week-old male C57BL/6J mice were purchased from Jackson Laboratory Japan
(Kanagawa, Japan) and acclimated for 1 week before the start of the study. Male mice were
used in this study to ensure more consistent disease progression and to minimize variability.
UUO was performed under isoflurane anesthesia as previously described>®. The mice were
divided into the following 5 groups: a group subjected to sham surgery and treated with an
isotype control antibody (IC17 (mFc) 30 mg/kg, N=4); a group subjected to UUO and treated
with an isotype control antibody (IC17 (mFc) 30 mg/kg, N=10); and three groups subjected
to UUO and treated with SOF10(5, 15, or 30 mg/kg, N=10). All monoclonal antibodies were
administered intravenously one day before surgery. Kidney fibrosis was analyzed on day 7
after UUO surgery by measuring the changes in gene expression and hydroxyproline levels in

the kidneys.

Mouse EMT6 tumor model
Five- to six-week-old female specific pathogen-free (SPF) BALB/c mice were purchased

from Jackson Laboratory Japan, Inc., and acclimated for 1 week before inoculation. Female



mice were used in this study to maintain biological consistency, as the tumor cell line was
derived from female mice. EMT®6 cells in the logarithmic growth phase were harvested,
washed with Hank’s balanced salt solution (HBSS; Sigma), and resuspended in 50% HBSS
and 50% Matrigel (Corning) at a concentration of 1x10° cells/mL. The mice were injected
with 1x10° EMT®6 cells (100 uL) into the left #5 mammary fat pad. When the mean tumor
volume reached approximately 100-300 mm? (6 or 7 days after inoculation), the mice were
randomized into groups on the basis of tumor volume or tumor volume and body weight.
Tumor was measured with calipers and tumor volumes were calculated as 1/2 x 1 x w2, where
| indicates length and w indicates width. The mice were treated with an isotype controls
(IC17 (mFc), 10 mg/kg; rat [gG2b isotype control, BioXCell; #BE0090, clone LTF-2, Lot:
767920D1, 10 mg/kg for the first dose followed by 5 mg/kg thereafter), vehicle, anti-PD-L1
(BioXCell; #BE0101, clone 10F.9G2, Lot: 751220D1B, 10 mg/kg for the first dose followed
by 5 mg/kg thereafter), a combination of 10 mg/kg SOF10 (mFc) and anti-PD-L1 or a
combination of 10 mg/kg GC1008-mFc and anti-PD-L1 antibody. The antibodies were
administered 3 times per week for 2 weeks, intravenously for the first dose and
intraperitoneally thereafter. The tumor volume was measured twice weekly. Mice were
euthanized if they reach the humane endpoint (2000 mm? tumor volume, >20% body weight

loss, or tumor necrosis and ulcerations).

Quantitative RT-PCR

Total RNA was extracted from kidney tissue via an RNeasy Mini Kit (Qiagen) and from liver
tissue via QIAzol Lysis Reagent (QIAGEN). cDNA was synthesized via the use of
Transcriptor Universal cDNA Master Mix (Roche Diagnostics). Quantitative PCR was

performed via a TagMan Gene Expression Assay (Thermo Fisher Scientific) on the7900HT



Fast Real Time PCR System (Applied Biosystems). Mouse mitochondrial ribosomal protein
L19 (Mrpl19: Mm00452754 m1 (FAM)) was used as the endogenous reference for kidney
samples, and mouse glyceraldehyde 3-phosphate dehydrogenase (Gapdh: Mm99999915 gl
(FAM)) was used as the endogenous reference for liver samples. The expression of tragt
genes was analyzed with the following probe sets from Applied Biosciences: Collal:
MmO00801666 g1 (FAM), Col3al: Mm00802300_m1 (FAM), and Serpinel:

Mm00435858 ml (FAM). Relative mRNA expression values were calculated by means of

the double delta Ct method.

Hydroxyproline assays

Hydroxyproline assays were performed according to a previously described colorimetric
method with modifications®’. Briefly, the tissues were hydrolyzed with 6N HCI at 95°C
overnight and cleaned by filtration. Hydroxyproline levels were measured via a

hydroxyproline assay kit (BioVision) or mass spectrometry analysis.

Kidney function analysis

Plasma and urine biochemical parameters were evaluated by using a TBA-120FR
autoanalyzer (Canon Medical Systems Corporation, Tochigi, Japan). Plasma and urine were
collected according to the study design. Mouse blood samples were collected from the jugular
vein, and urine samples were collected over 24 hours using metabolic cages. Renal function

was analyzed with blood samples, collected from postcaval vein at the point of necropsy.

Histopathological analysis

Kidney tissues were fixed with 10% neutral buffered formalin solution or methanol-Carnoy’s



solution and then embedded in paraftin. The paraffin blocks were cut and stained with
hematoxylin—eosin (HE), Sirius red, and periodic acid—-methenamine silver *%. Digital images
of Sirius red staining were used for fibrosis analysis, and PAM staining was used to analyze
glomerulosclerosis. By using the Area Quantification Model v2.1.11 of HALO AI (Indica
labs, New Mexico, USA, v3.3), the Sirius red-positive area was measured within the kidney
area where glomeruli and original collagen fibers around arteries and the renal pelvis were
excluded using a deep learning tissue classification model with DenseNet AI V2 of HALO
Al To analyze glomerulosclerosis, sclerotic and non-sclerotic glomeruli stained with PAM
were annotated by a deep learning tissue classification model with DenseNet AI V2 of HALO
Al The classification model was created by a certified pathologist and confirmed by certified

pathologists.

Tumor collection and CAF isolation

To analyze RNA expression in tumors, tumors were harvested 14 days after treatment
initiation and placed in RNAprotect Tissue Reagent (QIAGEN). For CAF isolation, tumors
were harvested 10 days after treatment initiation, minced with scissors, and dissociated via a
Tumor Dissociation Kit, mouse (Miltenyi Biotec). Single cells were incubated with ACK
lysing buffer (Thermo Fisher Scientific), and CAFs were isolated using a Tumor-Associated

Fibroblast Isolation Kit, mouse (Miltenyi Biotec).

Analysis of RNA expression in tumors
RNA was extracted from each tumor or isolated CAFs, and gene expression was analyzed.
Gene expression was assessed using the nCounter PanCancer Mouse Immune Profiling Panel

(NanoString Technologies, XT-CSO-MIP1-12) for immune profiling and nCounter Mouse



Fibrosis Panel v2 (NanoString Technologies, XT-CSO-MFIB2-12) for isolated CAFs,
according to the manufacturer’s protocol. Gene expression was digitally analyzed with the
nCounter Analysis System (NanoString Technologies), and the field of view was set at 550.
Normalization and data analysis were conducted with nSolver Analysis Software version 4.0
(nSolver 4.0, NanoString Technologies). Normalization of RNA loading was performed with
all positive control probes and housekeeping genes included in the panel. The sample
encountered QC flag or normalization flag during nSolver data processing was excluded from
analysis. For pathway analysis of isolated CAFs, the pathway score was calculated by means

of the nCounter Advanced Analysis version 2.0.115 (NanoString Technologies).

Flow cytometry analysis of tumor

Tumors were harvested 9 days after treatment initiation, minced with scissors, and
dissociated using Tumor Dissociation Kit, mouse (Miltenyi Biotec). Single cells were
incubated with ACK lysing buffer (Thermo Fisher Scientific), followed by incubated with
FcR Blocking Reagent, mouse (Miltenyi Biotec) for 10 min at 4 °C. The cells were stained
with following reagents: eBioscience Fixable Viability Dye eFluor 780 (Invitrogen; #65-
0865-18, Lot: 2062571, 1/2000), CD45-BUV395 (BD Biosciences; #564279, clone 30-F11,
Lot: 8262745, 1/100), CD3e-BUV737 (BD Biosciences; #564618, clone 145-2C11, Lot:
8236721, 1/100), CD4-BV786 (BD Biosciences; #563727, clone RM4-5, Lot: 8180556,
1/100), CD8a-PerCP-Cy5.5 (BD Biosciences; #551162, clone 53-6.7, Lot: 8243587, 1/100),
CD11b- PE/Cyanine7 (BioLegend; #101216, clone M1/70, Lot: B283316, 1/100) for 30 min
at 4 °C. Then, cells were fixed and permeabilized with Foxp3 / Transcription Factor Staining
Buffer Set (Thermo Fisher Scientific) and incubated with Granzyme B-FITC (Biolegend;

#515403, clone GB11, Lot: B282413, 1/25) for 60 min at 4 °C. The samples were analyzed



with Fortessa-X20 instrument (BD Biosciences), and data analysis was performed via FlowJo
v10.4.1 (FlowJo, LLC). Gating strategies for the analysis of flow cytometry data are shown in

Supplementary Figure 8.

Thirteen-week repeated intravenous dose toxicity studies of SOF10 (GLP)

Mouse study: To evaluate the toxicity of SOF10 and its systemic exposure, SOF10 was
intermittently administered to ICR mice intravenously at a dose of 0 (vehicle control), 20, 60,
or 200 mg/kg (volume: 3.3 mL/kg; administration speed: 1 mL/min). Both male and female
mice were used in the study, and there were 16 males and 16 females in each group;
specifically, 6 males and 6 females were used for the 13-week reversibility assessment, and 4
and 8 males (vehicle and SOF10 groups respectively) and 4and 8 females (vehicle and
SOF10 groups respectively) were treated once every 2 weeks for 13 weeks (7 doses in total)
as satellite groups for the toxicokinetic study. A total of 184 mice (92 males and 92 females
that were specific pathogen free (SPF) (strain: Crl:CD1(ICR)) were aged 6 weeks at the first
dose. Based on the observations during the quarantine/acclimation periods (including clinical
sign, body weight, ophthalmologic examination and ADA analysis), healthy animals were
selected as the candidates for test animals. Of the animals selected by the procedure described
above, the animals with a favorable body weight gain (from the body weight recorded firstly
during the quarantine period to that at the time of group allocation) were assigned to each
group by individual body weights on the day of group allocation (5 or 4 days before the start
of administration) so as to ensure uniformity of group mean body weight. This was
performed by block randomization using a computer (the requisite number of groups was
composed by block placement, and group numbers and animal numbers were assigned

randomly). The body weight of the mice at grouping was 28.7-37.6 g among males and 21.8—



29.4 g among females. The mouse study was performed at the BoZo Research Center Inc.,
which is accredited by AAALAC International, and was approved by the Institutional Animal
Care and Use Committee of BoZo Research Center Inc.

Monkey study: To evaluate the toxicity of SOF10 and its systemic exposure, SOF10
was intermittently administered to cynomolgus monkeys intravenously at doses of 0 (vehicle
control), 10, 30, or 100 mg/kg (volume: 1.7 mL/kg; administration speed: 0.34 mL/kg/min).
Both male and female monkeys were used, and there were 5 males and 5 females in each
group; specifically, 2 males and 2 females were used for the 13-week reversibility assessment
(vehicle, 30 and 100 mg/kg), and 3 males and 3 females were given 10 mg/kg SOF10 once
every 2 weeks for 13 weeks (Q2W, 7 doses in total). A total of 32 cynomolgus monkeys were
used in this study (16 males and 16 females; origin: Cambodia; purpose-bred; age: 2 to 4
years old at the first dosing). Based on the observations during the quarantine/acclimation
periods (including clinical sign, body weight, food consumption, ophthalmology,
electrocardiography blood pressure, respiratory rate, urinalysis, hematology, blood chemistry,
immunophenotyping in peripheral blood, cytokine analysis in serum and ADA analysis),
healthy animals were selected as the candidates for test animals. On the final day of the
acclimation period, the acclimation groups were assigned to each group by random
assignment. The animals in each group were assigned animal numbers in ascending order of
acclimation number. Body weight at grouping was 2.59-3.32 kg for males, and 2.57-3.24 kg
for females. The cynomolgus monkey study was performed at the Shin Nippon Biomedical
Laboratories, Ltd., which is accredited by AAALAC International, and was approved by the
Institutional Animal Care and Use Committee of Shin Nippon Biomedical Laboratories, Ltd.

In both studies, the vehicle was 20 mmol/L L-histidine, 150 mmol/L L-arginine, 20

mmol/L L-methionine, 0.5 mg/mL polysorbate 80 and L-aspartic acid (q.s. for pH



adjustment), pH 6.0. The vehicle was intermittently administered to the animals in the control
group in the same manner as SOF10.

Both studies were conducted in compliance with the following GLP regulations and in
accordance with the following guidelines: Good Laboratory Practice Regulations (Ministry of
Health and Welfare Ordinance No. 21, March 26, 1997) and Preclinical Safety Evaluation of
Biotechnology-Derived Pharmaceuticals [ICH S6 (R1)] (notification no. 0323-1,
Pharmaceutical and Food Safety Bureau, Ministry of Health, Labour and Welfare, Japan,

March 23, 2012).

Statistics and Reproducibility

GraphPad Prism version 10 and JMP version 17 were used for statistical analysis. The data
are presented as the means + SDs unless otherwise noted. Detailed information on the
statistical tests used, sample sizes(n), and P values, which are indicated by asterisks, are
provided in each figure legend. Each experiment was independently repeated at least two

times under similar conditions to confirm the reproducibility and consistency of the results.

DATA AVAILABILITY

All data associated with this study are presented in the paper or the Supplementary Materials.
The sequences of SOF10 have been published in the patent application (WO 2021/039945)°.
The structures of SOF10 Fab and latent-TGF-3 have been deposited in the RCSB Protein
Data Bank under the PDB code 9VIJ. Cif and Pdb file of the structure are provided as
Supplementary Data 1 and 2. Source data for Figures 1, 3, 4, and 5 and S3, S5, S6, and S7 is

in Supplementary Data 3.



RESULTS

Generation and characterization of the anti-latent TGF-1 monoclonal antibody SOF10
We began our study of whether inhibiting latent TGF-B1 activation is an effective and safe
approach for treating various fibrotic diseases by generating a humanized antibody that
specifically targets latent TGF-B1, in rabbits and then optimized it. Rabbits were immunized
with recombinant mouse and human SLC, and the antibodies that bound to both mouse and
human latent TGF-B1 were selected. Next, we tested the chosen antibodies in both a cell-free
system and a cell-based assay to identify the antibodies that can block protease-mediated
latent TGF-PB1 activation with less of an impact on integrin-mediated latent TGF-1
activation (Fig. 1a). The variable regions of these antibodies were subsequently humanized
and extensively engineered to improve their cross-reactivity and binding affinity. This process
resulted in the generation of SOF10, which specifically binds to latent TGF-B1, but not
mature TGF-B1, and has similar binding ability to human, murine, and cynomolgus monkey
latent TGF-B1 (Fig. 1b and c).

To determine the effect of SOF10 on protease-mediated latent TGF-B1 activation, we
tested its effects on recombinant latent TGF-B1 activation in the presence of various proteases
that have been reported to activate latent TGF-B1 in cell-free systems. We mixed human
latent TGF-B1 with various concentrations of SOF10 or a control antibody, and then
proteases, such as PLN, PLK, MMP2, and MMP9, were added to activate human latent TGF-
B1. While treatment with a protease inhibitor blocked mature TGF-B1 release from human
latent TGF-B1, and compared with the control antibody, SOF10 significantly inhibited latent
TGF-B1 activation by all the studied proteases in a dose-dependent manner (Fig. 1d). These
data suggest that SOF10 is able to block various protease-mediated latent TGF-1 activation.

Another well-described mechanism of latent TGF-B1 activation is integrin-mediated



latent TGF-B1 activation, which most prominently involves integrins avf6 and avp8**. To
examine integrin avB6-mediated latent TGF-B1 activation, we cocultured Detroit562 cells,
which endogenously express integrin avf6, and latent TGF-B1 with HEK-Blue™ TGF-B
reporter cells stably expressing TGF-f3 receptor 1 (TGFBRI). The results showed that the
anti-integrin avp6 antibody inhibited TGF-B1 activation, whereas the anti-integrin av8
antibody did not, indicating that TGF-1 activation was mediated through integrin avp6 (Fig.
le). Moreover, SOF10 did not affect integrin avp6-mediated latent TGF-B1 activation, but an
anti-mature TGF-P antibody (1D11) blocked TGF-B1 signal induction (Fig. 1e). Next, to
examine integrin avp8-mediated latent TGF-B1 activation, we cocultured LC-1 sq cells
endogenously expressing integrin avp8 and latent TGF-B1 with HEK-Blue™ TGF-p reporter
cells. We found that the anti-integrin avB8 antibody inhibited TGF-f1 activation but that the
anti-integrin avp6 antibody did not. We also found that SOF10 had a partial but dose-
dependent inhibitory effect on integrin avp8-mediated TGF-B1 activation (Fig. 1f). Together,
these results indicate the successful generation of an anti-latent TGF-B1 antibody, SOF10,
that inhibits latent TGF-B1 activation driven by multiple proteases that are expressed and

activated in fibrotic tissues and by integrin avp8 but not integrin av6.

Structural analysis of SOF10

Since SOF10 was shown to inhibit latent TGF-1 activation driven by multiple proteases and
integrin avp8, we performed a biochemical analysis to identify the site through which SOF10
interacts with latent TGF-B1. Specifically, we determined the structure of the SOF10 Fab
fragment and latent TGF-B1 complex by X-ray crystallography. Diffraction intensity data
were obtained at a resolution of 2.48 A, and the crystallography data were obtained (Table 1).

The electron density maps for CH1 and CL were ambiguous; thus, they were not built into the



model. According to the crystal structure of the complex, the SOF10 Fab fragments binds to
latent TGF-B1 dimers at a 2:1 ratio, with the antigen sandwiched between two SOF10 Fab
fragments. The CDR loop of the SOF10 Fab fragment inserts into the dimer surface of the
LAP domain of TGF-B1, as shown in Fig. 2b. The data suggested that the binding site of
SOF10 does not include an integrin binding site (Fig. 2a). Interestingly, although protease-
mediated TGF-B1 activation was suppressed by SOF10, this epitope of the SOF10 Fab
fragment did not include a PLN/PLK digestion site near the latency lasso. Notably, we found
that SOF10 inhibited the release of mature TGF-f1 mediated by PLN but did not inhibit the
cleavage of the latent TGF-B1 complex by PLN (Supplementary Fig. 1). Thus, the
crystallography findings might explain how mature TGF-1 release is inhibited by SOF10
even after latent TGF-B1 cleavage.

According to a previous report®, dimerization stabilizes latent TGF-B1. As shown in
Fig. 2b and Supplementary Fig. 2, the CDR loop interacts with both sides of the latent TGF-
B1 dimer, particularly the H-CDR3 loop, which plays an important role in bridging the dimer
interface and enhancing the interactions between dimers. Consequently, it was inferred that
SOF10 binds to the LAP dimer surface to prevent the dissociation of latent TGF-B1. We
observed that the spontaneous release of mature TGF-1 from the latent TGF-f1 complex
occurred in the absence of proteases or cells, as detected by mature TGF-1 ELISA, and that
SOF10 suppressed this spontaneous release of mature TGF-B1 (Supplementary Fig. 3). This
finding suggests that SOF10 enhances the interaction between LAP and mature TGF-B1 to
stabilize the latent complex.

To assess the stability of SOF10 and the latent TGF-b1 complex, the melting
temperatures (Tms) of the SOF10 Fab region alone, latent TGF-b1 alone, and the SOF10Fab—

latent TGF-b1 complex were measured via differential scanning fluorimetry (DSF). The DSF



results revealed that the Tm of the SOF10 Fab-latent TGF-B1complex was greater than that of
either SOF10 or latent TGF-b1 alone. Moreover, as the temperature of the complex increased,
both SOF10 and latent TGF-b1 appeared to undergo simultaneous rather than separate
denaturation (Supplementary Fig. 4). Taken together, the crystallography and DSF results
suggest that SOF 10 stabilizes the dimeric form of latent TGF-1 and promotes latent TGF-1

dimerization, thus allosterically inhibiting the release of mature TGF-B1.

SOF10 inhibits liver fibrosis

Studies involving preclinical models have shown that TGF-B blockade®!, and in particular
TGF-B1 inhibition%? %3 protects against organ fibrosis. Considering the ability of SOF10’s to
inhibit mature TGF-B1 release by stabilizing latent TGF-B1 dimers, we sought to assess
whether SOF10 has an antifibrotic effects in mouse model of NASH/liver fibrosis. For this
purpose, we generated a surrogate antibody, SOF10 (mFc), by replacing the Fc domain of
SOF10 with the mouse Fc domain and reducing its binding to Fcy via genetic modification.
We began this set of experiments by assessing the antifibrotic effect of SOF10 (mFc) against
liver fibrosis in a choline-deficient, L-amino acid-defined, high-fat diet (CDAHFD)-induced
NASH/liver fibrosis mouse model, which develops progressive liver fibrosis within a short
period®’. SOF10 (mFc) was administered by injection once per week from 7 days after
CDAHEFD feeding. After 21 days, liver fibrosis was evaluated by measuring changes in the
gene expression of the TGF-B downstream targets Serpinel®* and collagen in the liver (Fig.
3a). Our analysis of TGF-B1-responsive gene expression and fibrotic markers revealed that
SOF10 (mFc) decreased the expression of the Serpinel gene, suggesting that the TGF-1
pathway was impacted by SOF10 (mFc) treatment. In addition, SOF10 (mFc) treatment

reduced the gene expression of the major ECM components collagen type I alpha 1 (Collal)



and collagen type III alpha 1 (Col3al) (Fig. 3b).

We further confirmed SOF10's antifibrotic activity mice fed CDAHFD for 9 weeks.
SOF10 was administered once weekly from disease induction initiation through 9 weeks (Fig.
3¢). Although some markers did not reach statistical significance, SOF10 showed a trend
toward suppressing TGF-3 downstream targets Serpinel, Collal, and Col3al (Fig. 3d). More
importantly, liver fibrosis was evaluated by measuring hepatic hydroxyproline content (Fig.
3e). Our analysis demonstrated that SOF10 significantly reduced liver fibrosis. These results

suggest that SOF10 has potential as a therapeutic option for preventing NASH/liver fibrosis.

SOF10 inhibits kidney fibrosis and improves renal function

Kidney fibrosis is considered the key underlying pathogenesis of CKD progression. To
investigate whether SOF10 can ameliorate renal function by preventing renal fibrosis, we
initially investigated the effect of SOF10 (mFc) on renal interstitial fibrosis using unilateral
ureteral obstruction (UUO) model. This model is a surgical model commonly used to assess
kidney fibrosis, particularly interstitial fibrosis, induced via tubular injury resulting from the
obstruction of urine flow in the kidney®. SOF10 (mFc) was administered one day before
UUO surgery. After 7 days, kidney fibrosis was evaluated by analyzing changes in the gene
expression of TGF- downstream target genes and by measuring the level of hydroxyproline,
a widely used marker of fibrosis, in the kidney (Fig. 4a). As shown in Fig. 4b, the expression
of Serpinel was significantly reduced by SOF10 (mFc) in the kidneys of UUO model mice.
Moreover, the expression of key ECM genes involved in kidney fibrosis, namely, Col/lal and
Col3al, was also reduced by SOF10 (mFc) treatment. To evaluate kidney fibrosis at the
protein level, the hydroxyproline contents in the kidney tissue was evaluated, and our results

showed that hydroxyproline levels were significantly increased in the kidneys of UUO model



mice but significantly reduced in the kidneys of the SOF10 (mFc) treatment groups compared
with the those of the control (antibody-treated) group. These results suggest that SOF10 has
the potential to reduce kidney interstitial fibrosis in multiple organs. We next asked whether
attenuating fibrosis with SOF10 improves kidney function. For this analysis, we tested the
effect of SOF10 (mFc) in Alport mice with collagen type IV alpha 3 (Col4a3) KO, which
exhibits a decrease in renal function with concomitant glomerulosclerosis and interstitial
fibrosis. These mice are widely used in research on Alport syndrome, which is a genetic
disease characterized by the progressive loss of kidney function®®. SOF10 (mFc) was
administered by subcutaneous injections twice each week from the age of 14 weeks to 20
weeks (Fig. 4¢). The ability of SOF10 (mFc) to improve renal function was assessed by
comparing plasma creatinine, urea nitrogen (UN), and cystatin C (CysC) levels in the SOF10
(mFc) group to those in the isotype antibody treatment group (Fig. 4d). According to the
levels of these markers, the real function was significantly improved in the SOF10 (mFc)-
treated group. The improvement in renal function induced by SOF10 (mFc) was comparable
to that elicited by the pan-TGF- antibody GC1008 (mFc) (Supplementary Fig. 5).

Next, to assess the effect of SOF10 (mFc) on TGF-f signaling and fibrosis, we
evaluated change in the expression of TGF-p3 target genes, the level of hydroxyproline, and
histopathological change in the kidney. As shown in Fig. 4e, the expression of the TGF-3
downstream target Serpinel and the collagen genes Collal and Col3al was reduced in the
kidneys of Col4a3 KO mice. Additionally, the hydroxyproline content in the kidney
decreased significantly in the SOF10 (mFc) treatment group compared with the isotype
antibody-treated group. Since both interstitial fibrosis and glomerulosclerosis play a role in
CKD progression, we examined the impact of SOF10 (mFc) on them by analyzing

histopathological changes in the kidneys of Col4a3 KO mice. Consistent with the decreases



in collagen gene expression and hydroxyproline content, the fibrotic area in the interstitial
region was significantly reduced in the SOF10 (mFc)-treated group compared with the
isotype antibody-treated Col4a3 KO mice (Fig. 4f and h). Next, we measured the percentage
of sclerotic glomeruli to assess the alleviation of glomerulosclerosis. As shown in Fig. 4g and
h, compared with wild-type (WT) mice, Col4a3 KO mice presented sclerotic changes in the
glomeruli. Moreover, a smaller ratio of sclerotic glomeruli was observed in the SOF10
(mFc)-treated group than in the isotype antibody-treated group. Together, these data indicate
that SOF10 (mFc) can reduce both renal interstitial fibrosis and glomerulosclerosis, resulting

in improved renal function, in Col4a3 KO mice.

SOF10 attenuates cancer-associated fibrosis and improves the efficacy of ICI treatment
Recent studies in multiple tumor mouse models have revealed that anti-PD-L1 have greater
antitumor activity when used in combination with a TGF-f3 neutralizing antibody than when
used alone!®. Therefore, we sought to examine the effectiveness of using SOF10 in
combination with an anti-PD-L1 antibody to treat cancer. The efficacy of the combination
treatment was evaluated in an orthotopic EMT6 murine breast cancer model, which exhibits
an immune-excluded phenotype and expresses all TGF-B isoforms'?. After orthotopic
inoculation of EMT®6 breast cancer cells, mice were treated with an isotype control, SOF10
(mFc), a pan-TGF-f antibody (GC1008 (mFc)) and/or anti-PD-L1 and tumor growth
inhibition was evaluated. Consistent with a previous report'’, the combination of the pan-
TGF-B antibody and anti-PD-L1 significantly inhibited tumor growth. Like the pan-TGF-f3
antibody, SOF10 (mFc) significantly inhibited tumor growth when used in combination with
anti-PD-L1, whereas SOF10 (mFc) or anti-PD-L1 alone did not (Fig. 5a). We also evaluated

the efficacy of SOF10 combined with anti-PD-L1 in a CT26 murine colorectal cancer model,



in which anti-PD-L1 monotherapy has limited efficacy. Significant tumor growth inhibition
was again observed after combined treatment with SOF10 (mFc) and anti-PD-L1
(Supplementary Fig. 6).

To investigate whether the combination of SOF10 and anti-PD-L1 has an effect on T-
cell infiltration and activation, we harvested tumors to examine changes in the expression of
genes related to CD8+ effector T cells. The expression of genes associated with CD8+
effector T cells, such as, Ifng, Prfl, and Gzmk was increased in the mice treated with the
combination of anti-PD-L1 and SOF10 (mFc), although treatment with anti-PD-L1 or SOF10
(mFc) alone did not result in clear changes (Fig. 5b). We also found that the expression of
genes related to chemokines and antigen presentation increased after combination treatment.
In agreement with the change in RNA expression, flow cytometry analysis revealed that there
were more CD8+ T cells and cytotoxic granzyme B+ CD8+ T cells in tumors after treatment
with SOF10 (mFc) and anti-PD-L1 (Fig. 5c). These results suggest that the combination of
SOF10 and anti-PD-L1 can alter the immune status of tumors and lead to the influx and
activation of T cells.

Previous reports have shown that TGF-f neutralization leads to alterations in CAF
dynamics, greatly reducing the activity of myofibroblasts while promoting the generation of a
fibroblast population characterized by a strong response to interferon (IFN), referred to as
IFN-licensed CAFs (ilCAFs)®. To evaluate the effect of SOF10 (mFc) on fibroblasts, we
isolated CAFs from tumor-treated mice by magnetic cell sorting and measured the expression
of fibrosis-related genes. Pathway analysis of gene expression in CAFs revealed that the
expression of genes associated with the ECM synthesis and collagen biosynthesis and
modification pathways decreased upon SOF10 (mFc) treatment (Fig. 5d). We also found that

the expression of genes related to the type II interferon and MHC class II antigen presentation



pathway was upregulated by SOF10 (mFc) and by the combination of SOF10(mFc) and anti-
PD-L1, which is consistent with previous observations of the effects of anti-pan-TGF-f3
antibodies®’. Taken together, these data suggest that latent TGF-B1 blockade can target CAFs

by inhibiting ECM synthesis, leading to an immune-permissive environment.

The pharmacokinetics and safety profiles of SOF10 are good in both mice and monkeys
To assess the safety of SOF10, we evaluated its pharmacokinetics in cynomolgus monkeys.
For this analysis, we treated monkeys with a single intravenous dose of 0.2, 1, 4, or 20 mg/kg
SOF10 and measured the SOF10 plasma concentration (Supplementary Fig. 7). Although the
total clearance (CLtt) of SOF10 decreased with increasing dose, which is suggestive of
target-mediated drug disposition, the CLtwt at 20 mg/kg and the volume of distribution at
steady state at all doses were similar to those of typical antibodies.

Next, to support early clinical development of SOF10, toxicology studies complying
with Good Laboratory Practice (GLP) were conducted; specifically, 13-week repeated
intravenous dose toxicity studies in mice (20, 60, or 200 mg/kg every 2 weeks for a total of 7
doses; N=16 per sex per group) and cynomolgus monkeys (10, 30, or 100 mg/kg every 2
weeks for a total of 7 doses; N=5 per sex per group). In addition, SOF10 cross-reacts with
latent TGF-B1 in mouse and cynomolgus monkey, and no species differences in binding
affinity were observed, so both were selected as appropriate species for toxicology studies.
There were no observed abnormalities (clinical signs, body weight, food consumption,
ophthalmology, urinalysis, hematology, blood chemistry, myelogram, organ weight, gross
pathology, or histopathology in mice; and clinical signs, general behavior and
neurobehavioral function, body weight, food consumption, ophthalmology,

electrocardiography, blood pressure, respiration rate, urinalysis, hematology, blood chemistry,



immunophenotype, bone marrow examination, cytokine levels, necropsy, organ weight, and
histopathology in cynomolgus monkeys) in either study. Overall, the no observed adverse
effect level (NOAEL) was 200 mg/kg intravenously Q2W for mice and 100 mg/kg
intravenously Q2W for cynomolgus monkeys, which were the highest doses tested in the two
13-week GLP studies. These results suggest that the selective inhibition of latent TGF-1
activation by SOF10 is well tolerated in mice and monkeys and supports the use of SOF10 by

patients in clinical applications.

DISCUSSION

Fibrosis can occur in any organ due to chronic injury and inflammation, and TGF-1 plays a
central role in fibrogenesis by activating fibroblasts®®. However, since long-term continuous
blockade of the TGF- signaling pathway may cause toxicity, selective blockade of TGF-1
is the preferred therapeutic option for the treatment of fibrotic diseases. In the present study,
we generated a safe antibody, SOF 10, that selectively blocks protease- and integrin avf8-
mediated latent TGF-B1 activation via a unique binding mode (Figure 6). SOF10 inhibited
fibrosis in a liver and kidney fibrosis model, improved renal function in a glomerulosclerosis
model, and synergized with anti-PD-L1 by altering the fibrotic environment in cancer
models. Moreover, SOF10 was well tolerated in both mice and monkeys.

In this study, we observed that SOF10 blocks key processes involved in latent TGF-B1
activation driven by proteases and integrin avB8. Structural analysis indicated that SOF10
binds to the upper portion of the latent TGF-B1 complex, preventing the mature TGF-B1
dissociation. This binding mode is unique and different from the previously reported
antibodies targeting latent TGF-B1'-%% 23, The binding site of SOF10 is distant from the PLK

and PLN cleavage sites and the latency lasso. As shown in Supplementary Fig. 1b, although



LAP cleavage by PLN cannot be inhibited by SOF10, the production of mature TGF-f1 is
inhibited even after LAP cleavage. Moreover, we observed that the spontaneous release of
mature TGF-B1 from the SLC occurred in the absence of proteases or cells and was
suppressed by SOF10. These results suggest that the binding of SOF10 to latent TGF-1
contributes to the stabilization of the latent complex and may prevent the dissociation of
mature TGF-B1 from LAP. This idea is also supported by the DSF results (Supplementary
Fig. 4).

In addition to inhibiting protease-mediated TGF-f1 activation, SOF10 inhibited TGF-
B1 activation by integrin avp8 but not by integrin av6 in our study. The binding of latent
TGF-B1 to integrin avp6 triggers a conformational change from the extended closed
conformation to the extended open conformation, allowing actin cytoskeleton forces to
release mature TGF-B1 from the latent complex®. On the other hand, integrin avp8-mediated
TGF-B1 activation can occur without drastic conformational rearrangements and cytoskeletal
forces’’. The differential effects of SOF10 on integrin avp6- and avp8-mediated latent TGF-
B1 activation might be due to differences in the tensile forces exerted by avp6 and av8 on
latent TGF-P1. It is possible that SOF10 can stabilize the latent TGF-1 complex to prevent
avp8-mediated activation, but not avf6-mediated activation accompanied by a drastic, force-
mediated conformational rearrangement. Further study is needed to clarify how SOF10
inhibits the release of mature TGF-B1 from the latent complex and to characterize mechanism
underlying the therapeutic effect of SOF10 in vivo under physiological conditions.
In addition to inhibiting renal interstitial fibrosis our study data suggest that inhibiting
fibrosis by targeting latent TGF-B1 leads to improvements in organ function in mice. The
therapeutic effect of SOF10 (mFc) was comparable to that of pan-TGF-f inhibition,

suggesting that TGF-B1, but not TGF-B2 or TGF-B3, is the dominant inducer of kidney



failure. These data are consistent with findings from previous studies demonstrating that
TGF-B1 is the most highly expressed TGF-f3 isoform in kidney fibrosis and is also an
upstream mediator of TGF-B2 and TGF-B3%°. Recently, LTBP-49247, an antibody that
selectively inhibits the activation of latent TGF-B1 associated with latent TGF-B-binding
proteins (LTBPs) was reported to have antifibrotic effects in an Alport mouse model;
however, its effect on renal function is not clear?>. LTBP-49247 avoids the inhibition of
GARP- and LRRC33-presented TGF-B1 activation, for sparing immune cell modulation n.
However, GARP expression on ECM-producing cells, such as activated hepatic stellate cells
or platelets, is involved in the development of fibrosis’" 72. Therefore, the limited blockade of
a specific SLC-LTBP complex may not have the same antifibrotic potential as the full
blockade of latent TGF-B1 activation. Thus, the regulation of latent TGF-B1 activation by
SOF10 is associated with GARP and LTBPs is a subsequent research topic that needs further
exploration.

SOF10 was shown to inhibit tumor growth in an EMT6 murine cancer model when
combined with anti-PD-L1 by modulation of the stroma cells and T cells. In cancer, fibrosis is
thought to be the cause of a poor response to ICIs>. It has been reported that inhibiting the
TGF-B pathway increases the effects of ICIs by breaking down the physical fibrotic barrier®
and alter CAF dynamics, greatly reducing the activity of myofibroblasts®’; however, the
effect of latent TGF-1 blockade on CAFs has not been evaluated. In this study, SOF10
(mFc) reduced the expression of genes related to ECM synthesis and collagen biosynthesis
and modification in fibroblasts. We also found the infiltration and activation of T cells when
SOF10 (mFc) was used in combination with anti-PD-L]1. It has been reported that integrin
avp8 expressed on tumor cells and T cells suppresses antitumor immunity by regulating TGF-

B activation in immune cells’> 7. Given that SOF10 can inhibit integrin avB8-mediated latent



TGF-B1 activation, inhibition of immune suppression by blocking integrin avp8 could also
contribute to the antitumor efficacy. In our study, the therapeutic effect of SOF10 (mFc) was
comparable to that of pan-TGF-f3 inhibition, suggesting that inhibiting TGF-B1 alone is
sufficient to exert antitumor effects. Although the ability of SOF10 to reduce fibrosis and
inhibit immune suppression needs to be tested in more cancer models, these studies show that
the combination of SOF10 and ICIs have the potential to produce synergistic anticancer
effects by alleviating cancer-associated fibrosis and enhancing immune cell functions.
Selective blockade of latent TGF-B1 activation by SOF10 was well tolerated, as SOF10 did
not show major toxicity in mouse or monkey toxicity studies. Inhibitors of multiple TGF-3
isoforms have been shown to cause severe cardiotoxicity and bleeding in nonclinical
studies'* '®. Mouse and human genetic data suggest that some of the toxic effects of these
inhibitors, including their cardiotoxicity, may be related to the inhibition of TGF-B2 and
TGF-B3. Thus, the safety of blockade of laten TGF-B1 activation may be explained by the
fact that the function of TGF-B2 and TGF-3 are spared. The adverse events observed in an
IPF phase IIb randomized study with an anti-avp6 antibody may have been related to the
proinflammatory effect of TGFP inhibition*’. These results suggest that blockade of integrin
avp6-mediated latent TGF-B1 activation is associated with long-term safety issues, which
also limits the use of latent TGF-B1 blockade as an approach for treating fibrosis. The fact
that SOF10 does not affect integrin avB6-mediated latent TGF-B1 activation may make it a
safer and more effective approach for targeting the TGF-B1 pathway to treat both fibrosis and
cancer.

This study has two important limitations. First, although SOF10 has antifibrotic effects in
preclinical rodent models, human diseases cannot always be fully recapitulated in rodent

models. Fibrosis turnover occurs more slowly in humans than in rodent models. Thus, clinical



trials in humans are needed to evaluate the efficacy of SOF10 in the treatment of fibrotic
diseases and cancer when combined with ICIs. Second, SOF10 had no adverse effects in the
13-week repeated intravenous dose toxicity (GLP) studies. However, as SOF10 would need
to be used for a longer duration in humans, the clinical safety of SOF10 should be further
evaluated in the future clinical studies.

In summary, we demonstrate that inhibiting latent TGF-B1 activation by various fibrosis-
related proteases and integrin avp8 is a safe strategy for treating fibrotic disease and cancer.
Fibrosis is a common mechanism underlying all types of organ failure, and our study revealed
that SOF10 is a safe and effective therapy for fibrosis in a broad range of organs.
Additionally, SOF10 synergizes with ICIs by modulating stromal cells and T cells; therefore,
the combination of SOF10 and IClIs is an option for the treatment of cancers strongly
associated with fibrosis such as pancreatic cancer. Clinical studies of SOF10 are currently

underway for patients with solid cancer (NCT05867121).
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FIGURES

Figure. 1. In vitro properties of the anti-latent TGF-1 antibody SOF10.

(a) Lead identification flow. (b) The affinities of SOF10 for latent TGF-B1 from different
species were determined by surface plasmon resonance. Kp=equilibrium dissociation
constant. The data in the table are presented as the mean + standard deviation (N=3). (¢) The
binding selectivity of SOF10 for different isoforms was determined by surface plasmon
resonance. Biacore sensorgrams showing the binding of 0, 25, and 100 nM SOF10 (red,
green, and blue, respectively) to human latent TGF-B1, latent TGF-B2, latent TGF-B3, mature
TGF-B1, mature TGF-B2, and mature TGF-B3 are shown. (d) The inhibitory effect of SOF10
on protease-mediated latent TGF-B1 activation was evaluated via quantification of mature
TGF-B1 release by ELISA. The data are reported as the means & SDs. ***P < (.001 vs.
treatment with control IgG (N=3). (e) Integrin avpf6-mediated latent TGF-B1 activation was
evaluated by coculturing HEK-Blue™ TGF-p reporter cells and Detroit562 cells, which
endogenously express integrin avp6 and latent TGF-B1. TGF- activity was measured with
the SEAP reporter gene system and normalized to that observed in the absence of antibodies
(considered 100%). The data are presented as the means + SDs (N=3). (f) Integrin av[38-
mediated latent TGF-B1 activation was evaluated by coculturing HEK-Blue™ TGF-B
reporter cells and LC-1 sq cells, which endogenously express integrin avp8 and latent TGF-
B1. TGF-B activity was measured with the SEAP reporter gene system and normalized to that
observed in the absence of antibodies (considered 100%). The data are presented as the

means £ SDs (N=3).



Figure. 2. Analysis of the human latent TGF-f1-SOF10Fab complex crystal structure.
(a) Overall structure of human latent TGF-B1 in complex with SOF10 Fab. The latent TGF-
B1 dimer is shown in surface view, with the LAP domain colored light pink and violet,
mature TGF-B1 colored chartreuse and green, the latency lasso colored bright orange and
orange, and the integrin binding site indicated in pale yellow and yellow. The SOF10 Fab
fragment is shown as a cartoon, with the heavy chain colored marine and blue, and the light
chain colored pale cyan and cyan. (b) Magnified view of the interaction between the CDR3
of the heavy chain in the SOF10 Fab and the surface of the latent TGF-1 dimer. Interacting
residues are shown as sticks, with at least one atom located within 3.5 A of either the HCDR3

of the SOF10 Fab or latent TGF-p1.



human Latent TGF-B1 in complex with SOF10 fab

Data collection

X-ray source

Wavelength (A)

Space group

Cell dimensions q, b, ¢ (A)
Cell dimensions a, b, g (°)

Swiss Light Source/X10SA
1.00006

C2

225.878,91.707, 126.120
90.000, 108.577, 90.000

Resolution (A) 119.55 - 2.48 (2.80 - 2.48)*
Rpim 0.024 (0.440)*
CC(1/2) 0.999 (0.714)*
mean //6(/) 17.0 (1.6)*
Total observations 384791 (18778)*
Unique observations 54758 (2739)*
Completeness, spherical (%) 62.9 (10.2)*
Completeness, ellipsoidal (%) 92.1 (61.8)*
Redundancy 7.0 (6.9)*
Refinement
Resolution (A) 36.12 -2.48
No. of reflections 54729
Rwork /Rfree® 28.13/30.98
No. atoms 8418
Protein 8302
Ligand/ion 112
Water 4
B-factors 77.44
Protein 77.11
Ligand/ion 102.52
Water 51.54
r.m.s.d. Bond lengths (A) 0.007
r.m.s.d. Bond angles (°) 0.94
Ramachandran plot®
Outliers (%) 0.66
Allowed (%) 6.55
Favored (%) 92.78
Rotamer Outliers (%)° 6.12

* Values in parentheses are for the highest-resolution shell.
% Rfree 1 calculated with 5% of the reflection randomly set aside.
b Calculated with the program MolProbity.

Table 1. X-ray data collection and refinement statistics.



Figure 3. SOF10 shows antifibrotic activity in liver fibrosis model.

Liver antifibrotic activity was evaluated in both short term and long term CDAHFD-fed mice.
(A) Mice fed a CDAHFD for 3 weeks to induce NASH/liver fibrosis were subcutaneously
injected with either isotype control or SOF10 (mFc) once per week. (B) Antifibrotic activity
was evaluated by measuring Serpinel, Collal, and Col3al mRNA in the liver. RNA was
extracted from the liver at necropsy and gene expression was analyzed by quantitative RT—
PCR. N=3 in the normal diet group and N=9 in each the disease control and SOF10 treatment
groups.

(C) Mice fed a CDAHFD for 9 weeks to induce NASH/liver fibrosis were subcutaneously
injected with either isotype control or SOF10 once per week. (D) Antifibrotic activity was
evaluated by measuring Serpinel, Collal, and Col3al mRNA in the liver. RNA was
extracted from the liver at necropsy and gene expression was analyzed by quantitative RT—
PCR. (E) Liver fibrosis was evaluated by measuring hydroxyproline levels. N=5 in the
normal diet group and N=15 in each the disease control and SOF10 treatment groups. *P <
0.05, **P <0.01, ***P <0.001, ****P <0.0001; ns: P> 0.05; unpaired two-tailed Student’s
t test. #P < 0.05, ##P < 0.01, ###P < 0.001, ###P < 0.0001; ns: P> 0.05; Dunnett's multiple

comparisons test. The data are presented as the means = SEMs.



Figure 4. SOF10 shows antifibrotic activity and ameliorates kidney function in kidney
models.

(A-B) Kidney antifibrotic activity was evaluated in UUO mice. (A) The mice were treated
with either isotype control or SOF10 (mFc) one day before UUO surgery. (B) Antifibrotic
activity was evaluated by measuring Serpinel, Collal, and Col3al mRNA in the kidney.
RNA was extracted from the kidney at necropsy and gene expression was analyzed by
quantitative RT—PCR. Kidney fibrosis was evaluated by measuring hydroxyproline levels.
N=4 in the sham control group, N=10 in the disease control group, and N=10 in the SOF10
(mFc) treatment groups. *P < 0.05, **P < 0.01, ***P <0.001, ****P <(0.0001; ns: P> 0.05;
unpaired two-tailed Student’s t test. #P < 0.05, ##P < 0.01, ##H#P < 0.001, ##H##P < 0.0001;
ns: P> 0.05; Dunnett's multiple comparisons test. The data are presented as the means +
SEMs.

(C-H) Kidney fibrosis and amelioration of kidney dysfunction were evaluated in Col443 KO
mice. (C) The mice were subcutaneously injected with either the isotype control or SOF10
(mFc) twice a week from 14 to 20 weeks of age. (D) Kidney function was evaluated by
measuring plasma creatinine, UN (BUN), and cystatin C (CysC) levels at 21 weeks of age.
(E) Antifibrotic activity was evaluated by measuring Serpinel, Collal, and Col3al mRNA
and measuring hydroxyproline levels in the kidney. RNA was extracted from kidney at
necropsy and gene expression was analyzed by quantitative RT—PCR. (F-H) Interstitial
fibrosis and glomerulosclerosis were evaluated by histopathological analysis. N=4 in the
wild-type group, N=12 in the disease control group and N=14 in the SOF10 (mFc) treatment
group. *P <0.05, **P <0.01, ***P <0.001, ****P <0.0001; ns: P> 0.05; unpaired two-
tailed Student’s t test. The data are presented as the means + SEMs. Fibrosis areas (asterisks);

glomerulosclerosis (arrowheads). HE and Sirius red staining, bar=100 um. PAM staining,



ARTICLE IN PRESS

bar=50 pm. SR, Sirius red.



Figure. 5. Efficacy of SOF10 (mFc¢) combined with an anti-PD-L1 in an EMT6 immune-
excluded tumor model.

(a) Efficacy of SOF10 (mFc) combined with anti-PD-L1 in an EMT6 mouse model. Mice
with EMT6 cell-derived tumors were treated with an isotype control, SOF10 (mFc), GC1008
(mFc) and/or an anti-PD-L1 3 times per week for 2 weeks. The tumor volume was evaluated
on day 14 after treatment initiation (N=10). For multiple group comparisons, P < 0.05, P <

skokok skkok ok

0.01,  P<0.001,and P <0.0001 according to Dunnett test. (b) RNA expression in
EMT6 tumors was measured via an nCounter Analysis System. RNA was extracted from
treated tumors on day 14 after treatment initiation. The heatmap shows the normalized
expression values (Z-scores) of selected genes. The boxplots show the log2 normalized

counts. The center represents the median; bounds show the 25% and 75% percentiles; and

whiskers extend to the most extreme data points within 1.5 the interquartile range from the

sokok Hokokok

quartiles. For multigroup comparisons, "P < 0.05, “P < 0.01, ""P < 0.001, and """ P < 0.0001
according to Tukey’s test. (¢) The numbers of CD8+ T cells and granzyme B+ CD8+ T cells
in the tumors were analyzed by flow cytometry on day 9 after treatment initiation (N=5). For
multigroup comparisons, P < 0.05, and “P < 0.01 according to Dunnett’s test. (d) Signature
scores of CAFs isolated from treated tumors 10 days after treatment initiation. In box plots,

the center represents the median; bounds show the 25% and 75% percentiles; and whiskers

extend to the most extreme data points within 1.5% the interquartile range from the quartiles.

otk R

For multigroup comparisons, P < 0.05, P < 0.01, ""P < 0.001, and "™ P < 0.0001

according to Tukey’s test.



Figure 6. Therapeutic mechanism of SOF10.
SOF10 specifically binds to latent TGF-p1, selectively inhibiting protease-mediated and
integrin avp8-mediated activation of latent TGF-B1. SOF10 does not interfere with integrin

avp6-mediated latent TGF-B1 activation.



Editorial summary:

Kanamori, Sato et al. develop SOF10, a humanized antibody that selectively blocks protease- and
integrin avB8-mediated latent TGF-B1 activation. This selective blockade reduces fibrosis in multiple
disease models, improves renal function, enhances anti-tumor immunity, and demonstrates safety in
preclinical studies.

Peer review information: Communications Medicine thanks Christian Klein, Ruchi Bansal and the
other, anonymous, reviewer(s) for their contribution to the peer review of this work.
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