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Specifically blocking av38-mediated TGF-f3 @
signaling to reverse immunosuppression
by modulating macrophage polarization

Cuicui Guo'", Hui Sun?*', Yulei Du', Xiaodong Dai', Yu Pang', Zhen Han', Xinhui Xiong?, Shaowei Li**,
Junhua Zhang®", Qingbing Zheng®*" and Xun Gui"

Abstract

Background Targeting the TGF-3 pathway in tumor therapy has proven challenging due to the highly context-
dependent functions of TGF-B. Integrin av38, a pivotal activator of TGF-@3, has been implicated in TGF- signaling
within tumors, as demonstrated by the significant anti-tumor effects of anti-av(38 antibodies. Nevertheless, the
expression profile of av38 remains a subject of debate, and the precise mechanisms underlying the anti-tumor effects
of anti-av38 antibodies are not yet fully elucidated.

Methods We utilized single-cell RNA sequencing to assess av38 expression across various human tumors. An anti-
av8 antibody was developed and characterized for its binding and blocking properties in vitro. Cryo-EM single-
particle analysis was employed to study the detailed interaction between av38 and the antibody Fab fragment. The
anti-tumor efficacy of the antibody was evaluated in syngeneic mouse models with varying levels of av38 expression,
both as a monotherapy and in combination with PD-1 antibodies. Human PBMCs were isolated to investigate av38
expression in myeloid cells, and macrophages were exposed to the antibody to study its impact on macrophage
polarization. Pharmacokinetic studies of the av8 antibody were conducted in cynomolgus monkeys.

Results Integrin av38 is notably expressed in certain tumor types and tumor-infiltrating macrophages. The specific
av8 antibody 130H2 demonstrated high affinity, specificity, and blocking potency in vitro. Cryo-EM analysis further
revealed that 130H2 interacts exclusively with the 38 subunit, without binding to the av subunit. In vivo studies
showed that this antibody significantly inhibited tumor growth and alleviated immunosuppression by promoting
immune cell infiltration. Furthermore, combining the antibody with PD-1 inhibition produced a synergistic anti-
tumor effect. In human PBMCs, monocytes exhibited high av38 expression, and the antibody directly modulated
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-
macrophage polarization. Tumors with elevated av(38 expression were particularly responsive to 130H2 treatment.

Additionally, favorable pharmacokinetic properties were observed in cynomolgus monkeys.

Conclusions In summary, integrin av8 is highly expressed in certain tumors and tumor-infiltrating macrophages.
Targeting av38 with a blocking antibody significantly inhibits tumor growth by modulating macrophage polarization
and enhancing immune cell infiltration. Combining av8 targeting with PD-1 treatment markedly increases the
sensitivity of immune-excluded tumors. These results support further clinical evaluation of av8 antibodies.
Keywords TGF-f3, Tumor microenvironment, Macrophage polarization, Immune cell infiltration
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Introduction

The role of Transforming Growth Factor B (TGEF-p)
is pivotal in regulating development and maintaining
immune homeostasis, particularly in the tumor micro-
environment (TME). TGF-B is abundantly present in
the TME and enforces immune suppression through
various mechanisms, including dampening inflammatory
responses within the TME [1], hindering Th1 helper and
cytotoxic T cell reactions [2, 3], promoting T regulatory
phenotype [4], and suppressing Natural Killer cells (NK)
[5], as well as regulating macrophage activity [6]. Conse-
quently, targeting TGF-f pathway to unleash the immune
system against tumors represents a promising strategy
for cancer therapy.

Three highly homologous TGEpB isoforms, TGEpL,
TGFB2, and TGFP3, exist in mammals. Among these,
TGF-B1 is the predominant isoform and the most rele-
vant member of the family in terms of immune regula-
tion. All three forms are synthesized as prohormones and
exist in a latent form (L-TGEF- Ps) by noncovalent asso-
ciation with the latency-associated peptide (LAP) and
must be activated to exert biological functions [7, 8]. The
release of active TGF-3 from latent complexes is a tightly
regulated process involving both enzymatic and non-
enzymatic activities present in the extracellular space.
Previous studies have indicated that integrins, specifi-
cally avp6 and avp8, can bind the RGD site in L-TGF-p1
and L-TGEF-P3, facilitating the release of active TGF-3
homodimers from the latent complexes [7]. In contrast,
L-TGE-p2 lacks a typical RGD domain and may be acti-
vated by other, yet unknown, mechanisms [9]. Both av36
and avp8 are members of integrin family, which are het-
erodimers composed of non-covalently associated o and
[ subunits.

The importance of TGF-P activation by integrins has
been demonstrated in mice. Specifically, mice with a
mutation in the RGD domain that abrogates integrin
binding recapitulate the phenotype of TGF-B1 null mice
[10]. Mice with silenced P8 encoding gene ITGBS8 die
either at midgestation or shortly after birth, and condi-
tional knockout of /TGBS results in severe inflammatory
bowel disease. In contrast, mice lacking 6 encoding gene
ITGB6 exhibit a very mild phenotype. The expression
of avp8 is distinct among the av integrins, particularly
in its expression by immune cells such as dendritic cells
(DCs) [11]. It has been identified as a contextual activa-
tor of TGF-B, playing a crucial role in regulating active
immune responses. The expression of avp8 by DCs
mediates TGF-p production during T cell activation,
significantly influencing the differentiation and develop-
ment of regulatory T cells (Tregs) and Th17 cells, while
concurrently inhibiting Thl cell differentiation during
immune responses [12, 13]. In murine models, the con-
ditional knockout of ITGB8 on leukocytes leads to the
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development of severe inflammatory bowel disease and
age-associated autoimmune disorders [11]. These find-
ings collectively demonstrate that integrin avp8 is a key
activator of latent TGF-B1 and serves as the main regula-
tor of TGF-P in immune cells.

Efforts to target the TGF-P pathway have been ongoing
for years but have been hampered by systemic toxicity
[14] and limited efficacy due to the pleiotropic and highly
context-dependent functions of TGF-p [15, 16]. Strate-
gies that restrict TGF-f inhibition to specific biological
contexts, particularly within the suppressive TME, could
offer improved safety and therapeutic advantages over
broad TGE-p inhibition. In our study, we employed sin-
gle-cell RNA sequencing (scRNA-seq) to analyze various
human tumor types, revealing that the integrin avf8 is
expressed in both tumor cells and tumor-infiltrating mac-
rophages. Leveraging the specific expression of integrin
avP8, we investigated its role in the activation of TGF-f,
focusing on its spatial and temporal functions. Blocking
integrin av8 resulted in significant tumor inhibition
across multiple tumor models. Treatment with a mono-
clonal anti-av8 antibody led to a marked increase in
tumor-infiltrating immune cells, including CD8+T cells,
CD4+T cells, DCs, and NK cells. Furthermore, in vitro
incubation with the anti-avp8 antibody induced mono-
cyte polarization towards an M1 macrophage phenotype.
In conclusion, anti-avP8 antibody therapy exerts sub-
stantial tumor-inhibitory effects by promoting immune
cell infiltration and modulating macrophage polarization
towards a more pro-inflammatory M1 phenotype.

Materials and methods

Single-cell RNA-seq data source

Ten male patients clinically diagnosed with KIRC were
enrolled in this study at Fudan University Shanghai
Cancer Center. Their ages ranged from 50 to 75. All of
patients were newly diagnosed with KIRC and none of
the patients had received therapy (supplemental Table 1).
Written informed consent was provided by all patients.
This study was approved by the Research and Ethical
Committee of Fudan University Shanghai Cancer Center
and complied with all relevant ethical regulations. Tumor
cells of KIRC patient were counted and loaded onto
the Chromium Controller (10X Genomics) for a target
recovery of 81718 single cells. Samples were processed
for scRNA-seq library preparation with 10X Chro-
mium 5’ kit, following the manufacturer’s protocol and
sequenced on an Illumina platform. The raw data were
processed using Cell Ranger software (v6.1.2). The reads
were aligned to human genome GRCh38, and a gene
count matrix was generated for each sample. The raw
count data were then loaded into Seurat package (v4.3.0)
for quality control, filtering, normalization, UMAP visu-
alization, and clustering. Cells with fewer than 200 genes,
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more than 10,000 genes, or with mitochondrial gene
content greater than 25% were filtered out. Data from 10
patients were analyzed after Harmony integration. Cell
clusters were identified using classical gene markers, and
the top three genes in the dot plot are shown in supple-
mental Fig. 1A. HNSCC scRNA-seq data were obtained
from the GEO dataset-GSE234933 [17]. The top three
genes in the dot plot are shown in supplemental Fig. 1B.

For the investigation of the expression of avp8 on
Treg cells, we isolated Treg cell subsets from KIRC and
HNSCC single-cell datasets using IL2RA, FOXP3, IL32,
LTB. Additionally, in supplemental Fig. 6, we explored
the expression of av38 on Tregs in six other types of can-
cer, including esophageal cancer (ESCA; GSE160269)
[18], liver hepatocellular carcinoma (LIHC; GSE166635)
[19], lung squamous cell carcinoma (LSCC; GSE150321)
[20], nasopharyngeal cancer (NPC; GSE162025) [21],
non-small cell lung cancer (NSCLC; EMTAB6149) [22],
and oral squamous cell carcinoma (OSCC; GSE172577)
[23]. Cell annotation refers to the original papers and
TISCH2 [24].

Cells

HEK293-6E cells were procured from the American
Type Culture Collection (ATCC) and cultured in Free-
Style™ F17 medium (Invitrogen, USA). Human glioblas-
toma U251MG cells, ovarian carcinoma OVCAR3 cells,
murine mammary carcinoma EMT6, murine lung ade-
nocarcinoma LA795, and murine colorectal carcinoma
CT26 cells were obtained from CoBioer Biotechnology
Co., Ltd. (Nanjing, China). U251MG cells were main-
tained in Minimum Essential Medium (MEM; Gibco,
USA) supplemented with 10% fetal bovine serum (FBS;
Gibco), 1% non-essential amino acids (Gibco), and 1 mM
sodium pyruvate (Gibco). OVCAR3 cells were cultured
in RPMI-1640 medium (Gibco) containing 20% FBS
and 10 pug/mL insulin (Beyotime Biotechnology, China).
EMT6 cells were fed with Waymouth’s 752/1 medium
complete medium (CoBioer). LA795 and CT26 cells were
cultured in RPMI-1640 medium with 10% FBS. LA795
cells overexpressing human avp8 were engineered follow-
ing standard protocols. Frozen peripheral blood mono-
nuclear cells (PBMCs) were purchased from Shanghai
Hycells Biotechnology Co., Ltd. (Shanghai, China). These
cells were isolated from healthy male Asian donors aged
20 to 30 years through ethically approved procedures.

Animals

Female BALB/c mice (six to eight weeks old) and male
Kunming mice were purchased from Yicon BioMedical
Technology Inc. (Beijing, China).
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Blocking activity determination

For the protein-based blocking assay, avf8 protein was
coated onto a white opaque 96-well plate at a concentra-
tion of 5 pg/mL. Human HEK293T/GARP/latent-TGFp1/
TGEPRII-luciferase cells were used as effector cells. Serial
dilutions of antibodies were pre-incubated with effector
cells at 37 'C, 5% CO,, for 1 h. Subsequently, effector cells
were collected and added to the corresponding wells at a
density of 4x10* cells per well. After 5 h of incubation,
100 pL of Bio-Lite detection substrate (Vazyme, China)
was added to detect luciferase activity. Relative lumines-
cence units (RLU) were measured using a SpectraMax
M5e Microplate Reader (Molecular Devices, USA).

For the cell-based blocking assay, human HEK293T/
GARP/latent-TGEFP1/TGEPRII-luciferase ~ cells  and
U251IMG cells were used as effector and target cells,
respectively. Target cells were collected and seeded into
a white opaque 96-well plate at a density of 2x10* cells
per well. Serial dilutions of antibodies were pre-incu-
bated with the target cells at 37 °C and 5% CO, for 1 h.
Subsequently, effector cells were collected and added to
the corresponding wells at a ratio of 2:1 (effector to target
cells). After 5 h of incubation, 100 pL of Bio-Lite detec-
tion substrate was added and relative luminescence units
(RLU) were measured using a SpectraMax M5e Micro-
plate Reader. Data for both experiments were derived
from three independent experiments, each performed in
duplicate.

Cryo-EM sample and data collection

Aliquots (3 pL) of 2 mg/mL mixtures of the human inte-
grin avp8 (ACROBiosystems) in complex with excess Fab
fragments of mAb 130H2 were prepared. These samples
were incubated and then loaded onto glow-discharged
(60 s at 20 mA) holey carbon Quantifoil grids (R1.2/1.3,
200 mesh, Quantifoil Micro Tools) using a Vitrobot
Mark IV (ThermoFisher Scientific) at 100% humidity and
4 °C. Data acquisition was conducted using the smart
EPU software on a Titan Krios G4 transmission electron
microscope (ThermoFisher Scientific) operated at 300 kV
and equipped with a Gatan K3 direct detector and a Bio-
Continuum HD Imaging Filter functioning in zero-loss
mode with a slit width of 20 eV. Images were recorded in
the 48-frame movie mode at a nominal magnification of
130,000 x in super-resolution mode, yielding a pixel size
of 0.325 A. The total electron dose was set to 48 e-/A2
with an exposure time of 1.33 s.

Image processing and 3D reconstruction

Drift and beam-induced motion correction were per-
formed with MotionCor2 [25] to produce a micrograph
from each movie. Contrast transfer function (CTF) fit-
ting and phase-shift estimation were conducted with
Gctf [26]. Micrographs with astigmatism, obvious drift,
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or contamination were discarded before reconstruction.
The subsequent reconstruction procedures were per-
formed using Cryosparc V4 [27]. Briefly, particles were
automatically picked using the “Template picker” tool.
Several rounds of reference-free 2D classifications were
conducted, and selected good particles were subjected to
ab-initio reconstruction, heterogeneous refinement, and
final non-uniform refinement. The resolution of all den-
sity maps was determined by the gold-standard Fourier
shell correlation curve with a cutoff of 0.143 [28]. Local
map resolution was estimated with ResMap [29].

Atomic model building, refinement, and 3D visualization
The initial model of the fragment variable of 130H2 was
generated from homology modeling by Accelrys Discov-
ery Studio software (available from: URL: https://www.3
dsbiovia.com). The structure of avp8 from the previously
reported structure (PDB ID: 6UJA [30]) was served as the
initial model. We initially fitted the template into the cor-
responding final cryo-EM maps using Chimera [31], and
further corrected and adjusted them manually by real-
space refinement in Coot [32]. The resulting models were
then refined with phenix.real_space_refine in PHENIX
[33]. These iterative processes continued until problem-
atic regions, Ramachandran outliers, and poor rotamers
were either corrected or moved to favored regions. The
final atomic models were validated using Molprobity [34,
35]. All figures were generated with Chimera or Chime-
raX [36, 37].

In vivo efficacy studies in syngeneic tumor models

BALB/c mice were subcutaneously inoculated with
breast cancer EMT6 cells (1x10° in 100 uL per mouse).
When the tumor volume reached approximately 100
mm?, the mice were divided into two groups of four-
teen mice each and intraperitoneally administered either
10 mg/kg isotype control antibody or 10 mg/kg 130H2
every four days. Tumor volume and body weight were
measured three times a week. Mice were sacrificed on
day 12 and day 17 post-inoculation, and tumors were
resected for tumor-infiltrating lymphocyte analysis.
The cell populations of CD4 T cells, CD8 T cells, M1
macrophages, M2 macrophages, MDSCs, DC and NK
cells were distinguished using markers including CD45
. CD11b. CD3. CD4. CD8. F4/80. Gr-1. CD335
« MHCII. CD206. CDllc.

EMT6 tumor models were used to investigate the syn-
ergistic effects of 130H2 in combination with a PD-1
antibody. EMT6-bearing mice were randomly assigned
into four groups of six mice each when the average tumor
size was approximately 100 mm?>, The groups received
the following treatments: isotype-hIgG1 (10 mg/kg) plus
isotype-rat IgG2a (10 mg/kg), 130H2 (10 mg/kg) plus
isotype-rat IgG2a (10 mg/kg), isotype-hIgG1 (10 mg/kg)
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plus mouse PD-1 antibody (clone RMP1-14, 10 mg/kg),
and 130H2 (10 mg/kg) plus RMP1-14 (10 mg/kg). 130H2
and isotype-hlgGl were administered once a week for
two weeks on day 5 and 12, while RMP1-14 and isotype-
rat IgG2a were administered every four days, on day 5,
9, and 13, totaling three administrations. Tumor volume
and body weight were measured and recorded three
times a week. Mice were sacrificed on day 15 post-inoc-
ulation, and tumors were resected for tumor-infiltrating
lymphocyte analysis.

BALB/c mice were subcutaneously inoculated with
colorectal cancer CT26 cells (1x10° in 100 pL per
mouse). When the tumor volume reached approximately
100 mm?, the mice were divided into two groups (n=7).
They were treated with 10 mg/kg isotype control anti-
body, or 10 mg/kg 130H2 every five days. Tumor volume
and body weight were measured three times a week.
Mice were sacrificed on day 15 after tumor inoculation.

In vivo efficacy studies in av38 overexpressed tumor
models

LA795 lung adenocarcinoma cells and human av[38 over-
expressed LA795 cells were utilized to establish xeno-
graft models for evaluating the in vivo efficacy of 130H2.
Specifically, 100 puL of LA795 cells or LA795-avp8 cells,
corresponding to 1x 107 cells per mouse, were subcuta-
neously transplanted into the right flanks of Kunming
mice. Once the tumor volume reached approximately
100 mm?, the mice were randomized into two groups
of seven each. These groups received intravenous treat-
ments of either 10 mg/kg isotype control antibody or
130H2, administered once every four days for a total of
three doses. Body weight and tumor size were measured
biweekly.

In a separate experiment, twenty-eight LA795-av[38-
bearing mice were randomized into four groups: 5 mg/
kg isotype control, 5 mg/kg isotype control-LALA, 5 mg/
kg 130H2, and 5 mg/kg 130H2-LALA. Antibodies were
administered via tail vein injections every four days for a
total of three doses. Tumor volume and body weight were
recorded triweekly.

Human PBMC derived M1 and M2-like macrophages and
DCs preparation

CD14+monocytes were isolated from frozen PBMCs
using CD14 microbeads (Miltenyi Biotec, USA). The
isolated monocytes were then suspended in RPMI 1640
medium supplemented with 10% FBS at a density of
1x10° cells/mL. The monocytes were divided into four
groups, with three groups being supplemented with 50
ng/mL macrophage colony-stimulating factor (M-CSF,
Peprotech, USA), 50 ng/mL granulocyte-macrophage
colony-stimulating factor (GM-CSF, Peprotech), or GM-
CSF plus IL-4 (Peprotech) to generate M2 and M1-like
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macrophages and DCs, respectively. After a 7-day incu-
bation period at 37 °C, the cells were harvested and
characterized by CD163 and CD86 markers. Then, mac-
rophages and DCs were stained to detect the expression
of avP8 integrin. Results were derived from three inde-
pendent experiments using samples from six donors.

Regulatory T cells preparation and av38 detection

Human regulatory T cells (CD4+CD25+CD127low reg-
ulatory T cells) were isolated from frozen PBMCs (five
donors) using EasySep™ human regulatory T cell isola-
tion kit (Stemcell Technologies, Canada). The isolated
cells were resuspended in RPMI-1640 medium at a den-
sity of 0.5x10%/mL, then supplemented with CD3/CD28
Dynabeads (Gibco) and 50 ng/mL IL-2 (Peprotech, USA)
to activate and expand the cells.

After three days, cells were harvested to assess avf38
expression as described below. The cells were washed
three times with staining buffer (PBS containing 1%
FBS) and resuspended at a density of 2x10%/mL. For
surface marker staining, 2 pL FITC-anti-CD4 (BioLeg-
end), 2 pL PE-Cy7-anti-CD25 (BioLegend), and 100 nM
APC-130H2 were added to 100 pL of the cell suspen-
sion. Single-stained controls for each fluorochrome and
unstained controls were prepared simultaneously. Fol-
lowing a 1-hour incubation at 4 °C in the dark, the cells
were washed three times with staining buffer. Next, the
cells were resuspended in 200 pL of 1x Fixation/Perme-
abilization buffer and incubated at 4 °C in the dark for
1 h. After the supernatant was discarded, the cells were
washed and resuspended in 1x Permeabilization buffer.
To stain intracellular markers, 2 pL PE-anti-FoxP3 (Bio-
Legend) was added to the cell suspension, followed by a
30-minute incubation at 4 °C in the dark. The cells were
washed with Permeabilization buffer and resuspended in
staining buffer for immediate analysis using a CytoFLEX
flow cytometer (Beckman Coulter).

Characterization of macrophage polarization
CD14+monocytes derived from PBMC (six donors)
were stimulated with 50 ng/mL M-CSF to differentiate
into M2-like macrophages. After four days, 10 ug/mL of
130H2, TGE-BRI], and an isotype control antibody were
added to the cultures, respectively, and co-incubated for
an additional three days. The supernatants were then
collected to measure the concentrations of interleukin-6
(IL-6) and interleukin-10 (IL-10) using homogeneous
time-resolved fluorescence (HTRF) detection kits (Perki-
nElmer, Inc., USA). The experiments were performed in
duplicate across three independent trials.

Single-dose pharmacokinetics study
One male and one female cynomolgus monkeys were
recruited into a single-dose pharmacokinetics study.
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They were administrated 10 mg/kg of 130H2 via a single
1-hour intravenous infusion. Blood samples without anti-
coagulation were collected at the following time points:
0 h (+1 min), 2 h (x5 min), 8 h (£10 min), 24 h (30 min),
48 h (£30 min), 72 h (£30 min), 96 h (+30 min), 120 h
(+30 min), 168 h (£30 min), 336 h (60 min), 504 h
(£60 min). The concentration of the antibody in serum
was quantified using an enzyme-linked immunosorbent
assay (ELISA).

Statistical analysis

Tumor volume was calculated according to the formula:
tumor volume (mm?®)=length x (width)?>x0.5. Tumor
growth inhibition (TGI) was figured out using the fol-
lowing formula: TGl (%) = (1 — TVt/ TVc) x 100% or
TGl (%) = (1 — TWt/ TWc) x 100%, where TVt, TWt
was the average tumor volume or weight of treated group
and TVc, TWc was the average tumor volume or weight
of isotype control group. GraphPad Prism 9.0.0 software
was used for graph creation and analysis of intergroup
differences. Intergroup differences for all immunologi-
cal cells were analyzed using Student’s t-test. Specifi-
cally, intergroup differences in Figs. 4B—] and 5C-E were
evaluated using the t-test. For Fig. 4K, two-way ANOVA
with Tukey’s multiple comparisons was applied. One-way
ANOVA with Dunnett’s multiple comparisons test was
used for Fig. 4L-O. In addition, the Wilcoxon test was
employed for the analysis in Fig. 6A. For Fig. 6C, a two-
way ANOVA with multiple comparisons was conducted.
P<0.05, P<0.01, P<0.001, P<0.0001 was noted as *, **,
wak i respectively, and P<0.05 was considered statisti-
cally significant.

Results

scRNA-seq of KIRC and HNSCC reveals high expression of
avB8 in tumors and tumor-infiltrating macrophages

To investigate the expression of integrin avp8 in tumor
cells and immune cells infiltrating the TME, we selected
kidney renal clear cell carcinoma (KIRC) for scRNA-
seq. Ten freshly collected primary KIRC tissues were
analyzed using the 10X Genomics platform (Fig. 1A).
Unsupervised clustering with the GraphClust algorithm,
followed by visualization in Uniform Manifold Approxi-
mation and Projection (UMAP) space, revealed diverse
cellular identities based on known canonical cell mark-
ers in primary KIRC. We identified 12 distinct cell types
from a total of 81,718 cells (Fig. 1B). The markers for the
cell clusters are presented in supplemental Fig. 1A. As
expected, ITGB8 was predominantly expressed in epi-
thelial cells or epithelial cell-derived tumors (Fig. 1C).
The abundance of ITGBS8 in tumor cells was significantly
higher than in immune cells, prompting a re-analysis
of tumor-infiltrating immune cells with the exclusion
of tumor cells. To our surprise, among immune cells,
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Fig. 1 Integrin avp8 expression in KIRC and HNSCC as revealed by scRNA-seq analysis. (A) Ten freshly collected primary KIRC tissues were subjected to
scRNA-seq analysis. (B) UMAP lots of KIRC patient cells, colored to depict the 12 identified clusters. (C) Distribution of /TGB8-expressing cells within each
cluster of KIRC. (D) Point plot illustrating the distribution of /TGB8-expressing cells across various immune cell types in KIRC. (E) Analysis of 52 HNSCC
tumor samples from individual patients as referenced in the literature. (F) UMAP plots of HNSCC patient cells, colored to show the 9 identified clusters.
(G) Distribution of [TGB8-expressing cells within each cluster of HNSCC. (H) Point plot illustrating the distribution of /TGBS-expressing cells across various
types of immune cells of HNSCC



Guo et al. Journal of Experimental & Clinical Cancer Research

ITGBS exhibited the highest expression in macrophages
(Fig. 1D).

To validate this result, we utilized sequencing data
from an external study to analyze the expression of avf8.
The referenced study [17] included a total of 52 head
and neck cancer samples, each derived from individual
patients (Fig. 1E). After quality control and filtering, as
described by Bill et al., nine cell clusters were identified
(Fig. 1F). The markers for the cell clusters are detailed
in supplemental Fig. 1B. ITGB8 was highly expressed in
tumor cells (Fig. 1G). After removing tumor cells, ITGB8
was predominantly expressed in myeloid cells, par-
ticularly macrophages (Fig. 1H). These data collectively
verify that avp8 encoding gene is most highly expressed
by tumor cells. Additionally, among tumor-infiltrating
immune cells, macrophages might play a significant role
in the occurrence of tumors related to the avp8-TGE-
signaling pathway.

Anti-avf8 antibody exhibits high binding affinity and
potent TGF-f blocking activity

To further investigate the expression and function of
avp8, we generated a specific monoclonal antibody
(mADb), designated 130H2, using hybridoma technol-
ogy. This antibody was subsequently humanized through
complementarity-determining region (CDR) grafting.
The binding affinity of mAb 130H2 to human, cynomol-
gus, and mouse avf38 was assessed using Biacore, demon-
strating high affinity with dissociation constants (KD) of
2.848 nM, 1.897 nM, 1.292 nM for each species, respec-
tively (Fig. 2A, B, C). The highly binding specificity of
130H2 was confirmed by testing against the other integ-
rin family proteins using another avf38 antibody C6D4 as
a control (supplemental Fig. 2). The ability of mAb 130H2
to bind native avp8 was evaluated using the U251MG
human malignant glioblastoma cell line, which is known
to express integrins natively [38]. Flow cytometry (FACS)
results showed that 130H2 actively binds to surface avf38,
with a half-maximal effective concentration (ECy,) of
1.32 nM (Fig. 2D). This binding was further confirmed
using another avfp8-positive cell line, OVCAR3, with an
EC,, of 0.71 nM (Fig. 2E).

To evaluate the efficacy of 130H2 to block TGEF-f acti-
vation, we utilized a TGF-f luciferase reporter HEK293T
cell line co-transfected with GARP, latent TGF-$1, and
the TGF-BRII [30, 39]. The TGE-p trap (TGE-BRII-hFc)
was used as a positive control. As depicted in Fig. 2F,
the 130H2 antibody effectively blocks the interaction
between integrin avp8 and latent TGF-f, thereby inhib-
iting the release of downstream reporter gene signals.
The 130H2 antibody inhibited luciferase gene expres-
sion with a low half-maximal inhibitory concentration
(ICsp) of 0.02 nM, indicating its effectiveness in blocking
TGF-p activation. Notably, 130H2 demonstrated superior
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efficacy compared to the TGF-f trap, which had an ICg,
of 37.15 nM, particularly at low concentrations (Fig. 2G).
The blocking function of 130H2 was further validated
in a cell-cell interaction system using U251MG cells,
which express both integrin avp8 and latent TGF-f to
activate TGF-f in the luciferase reporter cells (Fig. 2H).
The 130H2 antibody potently inhibited TGF-p activation
in U251IMG cells, with an ICy, of 0.26 nM, showcasing
greater efficacy than the TGEF-f trap, which had an ICg,
of 5.24 nM, especially at low concentrations (Fig. 2I).

In summary, the antibody 130H2 exhibits high affinity
and specificity for human avp8 and effectively inhibits
TGE-p activation.

Cryo-EM analysis demonstrates antibody specificity

To investigate the molecular mechanism of mAb 130H2,
we employed cryo-EM single particle analysis for the
avp8 ectodomain in complex with the antigen-binding
fragment (Fab) of 130H2. The resulting avp8:130H2
complex yielded a high-resolution cryo-EM structure
at 2.88 A resolution (Fig. 3A, supplemental Fig. 3 and
supplemental Table 2), allowing for the construction of
the atomic model of partial headpiece of the heterodi-
meric avf38, including the av B-propeller and 8 (I and
hybrid) subunit, as well as the bound variable regions of
130H2 Fab (Fig. 3B). Superimposition of the avf38:130H2
and avp8: L-TGF-B1 structures revealed that 130H2
could block the L-TGEF-p1 binding to avp8 via steric hin-
drance (Fig. 3C), explaining its ability to inhibit TGF-$
activation.

Unlike other reported mAbs, such as C6D4, which
mimic the binding mode of L-TGF-B1 by interacting
with both av and B8 subunits (supplemental Fig. 4) [40],
130H2 exclusively contacts the 8 BI subunit of the het-
erodimeric avp8, utilizing both its heavy and light chains.
The footprint of 130H2 covers an area of approximately
1,000 A? at the interface, comprising 15 contacting resi-
dues: 1121, E122, N125, H166, C169, S170, N173, L174,
D175, M177, P178, E196, K197 and H200 (Fig. 3D).
These residues include the specificity-determining loop
2 (SDL2), which is critical for TGF-$ binding. Within
the interaction network at the interface, the light chain
forms the primary interaction with 8 I, contributing
12 hydrogen bonds and 2 salt bridges (Fig. 3E). In con-
trast, the heavy chain forms 5 hydrogen bonds and 2 salt
bridges (Fig. 3E).

Interestingly, compared to L-TGF-p1-bound, the bind-
ing of 130H2 induces a dramatic conformational change
in the SDL2 loop of PI (Fig. 3F). This loop deflects out-
ward and transitions into a more stable and rigid helical
conformation (Fig. 3F). This conformational change is
driven by the representative residues, N167 and D175,
which influence the binding of 130H2 and trigger an
adaptive local conformational rearrangement to avoid
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Fig. 2 In vitro characterization of the anti-av[38 antibody 130H2. (A-C) 130H2 demonstrates robust binding capacity to serially diluted (concentration
ranging from 200 to 3.125 nM) human av[38 protein (A), cynomolgus avp8 protein (B), and mouse av38 protein (C) as determined by Biacore system.
(D-E) Flow cytometry-based binding curves of threefold diluted 130H2 starting from 200 nM to native U25TMG cells (D) and OVCAR3 cells (E) detected
by APC labeled secondary antibody. The curves were fitted using sigmoidal four parameter logistic (4PL) model. (F) Schematic illustration of the protein-
cell interaction system used in Fig. 2G. The TGF-{ luciferase reporter HEK293T cell line, co-transfected with GARP, latent TGF-B1, and TGF-BRIl, was used as
effector cells. (G) The blocking activity of 130H2 was evaluated by reporter-based assay. Concentration dependent inhibition curves of 130H2 compared
with TGF{RIl trap were generated by incubating them with av38 and HEK293T/GARP/latent-TGF(31/TGF{RIl-luciferase cells for 5 h and detected by lucif-
erase substrate. (H) Schematic illustration of the cell-cell interaction system used in Fig. 2I. U251MG cells, which natively express both integrin av38 and
latent TGF-31, were used as target cells. The TGF- luciferase reporter HEK293T cell line, co-transfected with GARP, latent TGF-31, and TGF-3RII, was used
as effector cells. (I) The blocking activity of 130H2 was determined by U251MG-effector cell interaction system. Human HEK293T/GARP/latent-TGF(31/
TGFBRIl-luciferase cells were incubated with U25TMG cells (E: T=2: 1) for 5 h in the presence of serial dilutions of 130H2 or TGF{3RII trap and the blocking
reaction was detected by measuring luminescence units
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Fig. 3 Cryo-EM structure of human integrin av38 ectodomain in complex with 130H2-Fab. (A) The domain-colored density maps of av38 in complex
with 130H2-Fab. Light blue and dark blue represent the light and heavy chain of 130H2-Fab, yellow represents 38 3l domain, and pink represents av3-
propeller, respectively. (B) The established atomic model of av38 bound with 130H2-Fv, represented by cartoon style. (C) Superimposition of av38-130H2
and av38-L-TGF-31 (PDB ID: 6UJA) illustrates the steric hindrance between 130H2 and L-TGF-31 (green). (D) The footprint of 130H2 on avf38. The avp8
is shown as a gray surface representation, with residues involved in 130H2 interaction depicted as a transparent surface and sticks. (E) The interaction
network between the avf38 and 130H2. The heavy chain and light chain mediate a network of hydrogen bonds (black dashed lines) and a salt bridge
(green dashed lines). The side chains of key residues involved in hydrogen bonds or salt bridges are labeled and shown as sticks. (F) The binding of 130H2
induces a conformational change in the SDL2 of the Bl domain on av(38. Key residues were pointed by arrows. Yellow SDL2 represent structure obtained
in this study, purple and green SDL2 are from PDB ID 7Y1T and 6UJA, respectively. (G) The triggered conformational change (right) is to prevent the origi-
nal steric clashes (left) between the key residues N167 and D175, with 130H2
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(See figure on previous page.)

Fig. 4 130H2 inhibited tumor growth by increasing immune cells infiltration. (A) Experimental schematics of the workflow for in vivo efficacy and TILs
analysis. (B and J) BALB/c mice (n=7) bearing EMT6 cells (B) and CT26 cells (J) were intraperitoneally treated with 10 mg/kg 130H2 or isotype antibody
every four days on day 5,9, 13 post inoculation, three times in total. Significance, *P < 0.05 by Student's t-test, **P < 0.01 by Student’s t-test. The expression
of av38 in the EMT6 cell line and CT26 cell line before inoculation, visualized by staining with 130H2 antibody, is shown in the right. (C-1) BALB/c mice
(n=7 every time in each group) were sacrificed on day 12 and 17 after tumor inoculation and EMT6 tumors were dissociated to analyze tumor-infiltrating
immune cells using FACS. Absolute number of cells per gram tumor tissue were calculated for populations of DCs (C) and NK cells (D). Proportion of
CD4+T cell (E) and CD8+T cell (F) populations were determined by CD3 +CD4 + CD8- and CD3 + CD4-CD8 + markers. Myeloid cell populations including
MDSC/myeloid ratio (G), M1/macrophage (H), and M2/macrophage () were evaluated. *P <0.05, **P<0.01, ***P <0.001, ****P<0.0001 were analyzed by
Student’s t-test. < 0.05 means statistical significance. (K) BALB/c mice (n=6) bearing EMT6 cells were intraperitoneally administrated with the following
treatments: 10 mg/kg isotype-hlgG1(day 5, 12) plus 10 mg/kg isotype-rat IgG2a (day 5,9, 13), 10 mg/kg 130H2 (day 5, 12) plus 10 mg/kg isotype-rat lgG2a
(day 5,9, 13), 10 mg/kg PD-1 antibody (day 5, 9, 13) plus 10 mg/kg isotype-hlgG1 (day 5, 12), 10 mg/kg 130H2 (day 5, 12) plus 10 mg/kg PD-1 antibody
(day 5,9, 13). P<0.0001 was indicated as ****, P <0.05 as *, and statistical significance was determined by two-way ANOVA with Tukey’s multiple compari-
sons test. (L-O) BALB/c mice (n=6 in each group) were sacrificed on day 15 post-tumor inoculation, and EMT6 tumors were dissociated for analysis of
tumor-infiltrating immune cells using FACS. The proportions of CD45 +cell, CD3+T cell, macrophages, and M1 macrophages were quantified. Statistical

significance was determined by one-way ANOVA with Dunnett’s multiple comparisons. Data in figures B-O are presented as mean + SEM

steric clashes (Fig. 3G). Consequently, this conforma-
tional change enables 130H2 to compete with L-TGF-1
for binding, further disrupting the SDL2 conformation
required for L-TGF-P1 binding, thus contributing to the
highly inhibitory action of 130H2 on TGEF-f activation.
Collectively, our structural insights unveil the unique
binding pattern of 130H2 targeting integrin avp8, provid-
ing a mechanistic understanding of how 130H2 inhibits
TGF-p activation through both steric hindrance and con-
formational changes.

Anti-avf8 antibody inhibits tumor growth and reverses

immunosuppression by enhancing immune cell infiltration
We conducted an evaluation on the efficacy of 130H2
in suppressing tumor growth, utilizing an immune-
excluded mouse syngeneic model, EMT6, and performed
an analysis on tumor-infiltrating lymphocytes (TILs) as
depicted in Fig. 4A. EMT6 was primarily distinguished
by significantly low levels of avP8 expression as illus-
trated in Fig. 4B. Initiation of antibody treatment was
enacted when the tumor volume arrived at an approxi-
mation of 100 mm®. Notably, the application of 130H2
as targeted monotherapy resulted in a significant sup-
pression of tumor growth, achieving a TGI value of 63%
with a dosage of 10 mg/kg (Student’s t-test, P<0.01,
Fig. 4B). To elucidate the mechanism of tumor inhibi-
tion by 130H2 monotherapy, we examined TILs. EMT6
tumors were harvested on day 12 post-inoculation (iso-
type group tumor volume ~500 mm?®) and day 17 post-
inoculation (isotype group tumor volume ~1200 mm?)
following 130H2 antibody treatment, and TILs were
analyzed via FACS (Fig. 4C-I). Compared to the control
group, 130H2 treatment significantly increased the per-
centage of infiltrated innate and adaptive immune cells
on both day 12 and day 17. Notably, there were sub-
stantial increases in tumor-infiltrating DCs, NK cells,
CD4+T cells, and CD8+T cells (Fig. 4C-F). The abso-
lute counts of CD4+and CD8+T cells per gram of tumor
weight showed a remarkable rise with 130H2 antibody
treatment (supplemental Fig. 5A-B). Furthermore, the

percentage of M1 macrophages increased significantly,
while no significant changes were observed in myeloid-
derived suppressor cells (MDSCs) and M2 macrophages
(Fig. 4G-I). The absolute cell count of M1 macrophages
per gram of tumor weight was also determined (supple-
mental Fig. 5C). Collectively, these results indicate that
130H2 treatment enhances the infiltration of DCs, NK
cells, CD4+T cells, CD8+T, and M1 macrophages into
the tumor microenvironment, effectively reversing its
immunosuppressive phenotype.

In a parallel study, the efficacy of 130H2 was evalu-
ated in the CT26 syngeneic mouse model, which exhibits
undetectable levels of avp8 expression (Fig. 4]). Despite
the lack of detectable avp8 expression, 130H2 treatment
continued to suppress tumor growth significantly (Stu-
dent’s t-test, P<0.05; Fig. 4]). Analysis of TILs revealed
a similar pattern to that observed in the EMT6 model.
Specifically, CD3+T cell infiltration was significantly
increased (Supplemental Fig. 5G). However, the mac-
rophage populations infiltrating CT26 tumors differed
slightly from those in EMT6 tumors. In CT26, M1 mac-
rophages were scarce, and the predominant macrophage
populations consisted of M1&M?2 intermediate-state and
M2 phenotypes. Following 130H2 treatment, the M2
macrophage population was significantly reduced, while
the M1&M?2 intermediate-state population increased.
These findings suggest that 130H2 treatment shifted
the macrophage population toward a more M1-like
phenotype.

The EMT6 model is known to be insensitive to PD-1
treatment due to limited T cell infiltration within the
tumor [41]. Since anti-avp8 antibody treatment can
increase immune cell infiltration, the synergistic effect
of anti-avf38 antibody and anti-PD-1 antibody was inves-
tigated (Fig. 4K). 10 mg/kg of 130H2 monotherapy dis-
played a potent anti-tumor effect with a TGI of 38%
(P<0.0001). Notably, the combination treatment group
demonstrated significantly enhanced tumor suppres-
sion, yielding a TGI value of 56% (two-way ANOVA
with multiple comparisons test, P<0.0001; Fig. 4K). The
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combination therapy was markedly more effective than
either PD-1 monotherapy (P<0.0001) or 130H2 mono-
therapy (P<0.05).

Further analysis of TILs revealed that the combina-
tion treatment group exhibited increased immune cell
infiltration and CD3+T cell populations, similar to the
effects observed with 130H2 monotherapy (Fig. 4L-O).
In contrast, PD-1 monotherapy alone had no significant
impact on immune cell infiltration (Fig. 4L, M). Since
anti-PD-1 therapy enhances T cell activity, the combina-
tion group benefits from a synergistic anti-tumor effect
by simultaneously increasing immune cell infiltration (via
130H2) and activating T cells (via PD-1 blockade). Inter-
estingly, similar to 130H2 monotherapy, the combination
treatment also led to an increase in the M1 macrophage
population (Fig. 4N, O).

In summary, multiple efficacy studies accompanied by
TIL analyses consistently demonstrated that the 130H2
antibody significantly enhances immune cell infiltration
into tumors, with a notable increase in the proportion of
M1 macrophages. Targeting avp8 with the 130H2 anti-
body effectively reprograms tumor-infiltrating immune
cells, leading to potent anti-tumor effects.

Regulation of macrophage polarization by anti-av38
antibody

In previous research, most scientists have focused on the
role of avp8 in tumor-infiltrated human Tregs [39, 42].
However, using scRNA-seq analysis, we identified high
expression of the 8-encoding gene ITGBS8 in tumor-
infiltrating macrophages. Further analysis revealed dis-
tinct gene expression profiles between ITGB8+and
ITGB8- macrophages. Notably, ITGB8+macrophages
exhibited elevated levels of pro-tumorigenic mark-
ers associated with M2-like tumor-associated macro-
phages, including FNI1 [43], IL1S [44], CCL4L2 [45],
and CCL3L1 [46] (Fig. 5A). To confirm avp8 expression
in myeloid cells, CD14+monocytes were isolated from
human PBMCs and stained with an anti-avp8 antibody.
Flow cytometry analysis revealed high expression lev-
els of avB8 in the CD14+monocytes (Fig. 5B). Subse-
quently, these monocytes were cultured in the presence
of GM-CSF, M-CSF, or GM-CSF/IL-4 to induce M1 or
M2 macrophage phenotypes or DCs, respectively. The
M1, M2, and DC phenotypes were characterized using
specific markers (supplemental Fig. 6). The expression
of avP8 was detected in all myeloid cells, with the rank-
ing of expression levels being DC<M1<monocyte<M2
(Fig. 5C). Mean fluorescence intensity (MFI) values for
the different treatment groups, as shown in Fig. 5C (left),
were quantified and represented as bar graphs in Fig. 5C
(right), with statistical significance clearly indicated.
Notably, the expression of av8 was significantly upregu-
lated in the M2 phenotype, while it was downregulated
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in the M1 phenotype (Fig. 5C right), indicating that avf38
expression is associated with macrophage polarization.

Previous reports indicated the absence of avf8 expres-
sion on murine monocytes isolated from the spleen [6].
However, findings from the TILs study, which demon-
strated a significant increase in mouse macrophage infil-
tration following avp8 antibody treatment, prompted
an investigation into the expression of avp8 on murine
myeloid cells using FACS. Murine monocytes derived
from PBMCs, spleen, and bone marrow were examined.
Surprisingly, high avp8 expression was detected in both
Ly6C"&" and Ly6C'" monocyte populations, regard-
less of the source of the monocyte cells (supplemental
Fig. 7A-C). Additionally, high levels of avp8 expression
were observed on murine DCs (supplemental Fig. 7D)
and macrophages (supplemental Fig. 7E), indicating a
widespread presence of av38 on these immune cell popu-
lations in mice.

To investigate the impact of the anti-avp8 antibody
on macrophage polarization, monocytes were incubated
with avP8 antibody, and cytokine release was assessed.
Treatment with the antibody 130H2 resulted in increased
secretion of the pro-inflammatory cytokine IL-6 com-
pared to the isotype control (Fig. 5D, P<0.0001). While
TGE-BRII served as a positive control, treatment with
130H2 notably surpassed TGF-BRII treatment in enhanc-
ing IL-6 secretion. Furthermore, levels of the anti-
inflammatory cytokine IL-10 were measured, revealing
a significant decrease in IL-10 secretion following 130H2
treatment (Fig. 5E, P<0.001). These findings demonstrate
that the antibody 130H2 can effectively modulate macro-
phage polarization towards a more pro-inflammatory M1
phenotype.

Previous studies reported that avp8 is expressed in
human Tregs and exerts a suppressive effect on anti-
tumor immunity [42, 47]. To further investigate this,
Tregs from the data sources of Fig. 1B and F were col-
lected and reclustered to assess ITGBS8 gene expression
(Fig. 5F-I). Surprisingly, there was minimal /TGBS8 gene
expression observed in Tregs (Fig. 5G, I). To confirm this
observation, we analyzed /TGB8 expression in tumor-
infiltrating Tregs across various tumor tissues. Consis-
tently, our findings revealed that /TGB8 expression in
Tregs was consistently low (supplemental Fig. 8). To fur-
ther validate this finding, Treg cells were isolated from
human PBMCs from five donors and stimulated with a
CD3/CD28 activator and IL-2. While robust expression
of CD4+CD25+FoxP3+was observed in the stimulated
Tregs, avP8 expression remained undetectable. Repre-
sentative data are shown in Fig. 5]. Previous reports on
avP8 expression in Tregs have not been validated at the
protein level through antibody staining or Western blot
analysis. It is proposed that the expression of avf8 in
Tregs is likely undetectable, and any potential effects on
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Fig.5 130H2 regulates macrophage polarization. (A) Volcano plot illustrating differentially expressed genes between ITGB8 + and ITGB8 —macrophages.
Differential gene expression was calculated using the FindMarkers function with the Wilcoxon Rank Sum test in the Seurat package. The filtering criteria
were set as: adjusted p-value (P-adj) <0.05 and log,(fold change) = 0.25. (B) The av[38 expression on monocyte isolated from PBMC by CD14 positive se-
lection kit was detected by flow cytometry. NC represents the absence of staining. (C) Monocytes were differentiated to M1, M2 macrophages, and DCs
stimulated by GM-CSF, M-CSF or GM-CSF/IL-4, respectively. The expression of av38 on these myeloid cells was detected by FACS (left). Mean fluorescence
intensity (MFI) values were quantified and presented as bar graphs (right), with statistical significance indicated. (D-E) CD14+ monocytes were stimulated
by M-CSF for 4 days, followed by adding 130H2, TGF{RIl trap or an isotype control for an additional 3 days. Cytokine levels of IL-6 and IL-10 were quantified
by HTRF technology. (F-1) Feature plots showing the distribution of Treg subpopulations (F and H) and /TGB8 expression in Treg cells (G, I) derived from
Figure 1. (J) Treg cells isolated from human PBMCs were stimulated with a CD3/CD28 activator and IL-2. CD4 + CD25 + FoxP3 + Tregs were detected using
APC-labeled 130H2 or an APC-labeled isotype control. Representative data are shown. The data in figure C, D, E was shown as mean +SEM. **P<0.005,
**¥P < 0.0005, ****P<0.0001 was determined by Student’s t-test
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Tregs may be minimal. In summary, avp8 is primarily
expressed on monocytes and macrophages, and the anti-
avp8 antibody may regulate macrophage polarization by
promoting a pro-inflammatory phenotype.

Enhanced efficacy of anti-av38 in tumors with high av38
expression

We conducted an analysis of mRNA expression in vari-
ous human tumors, revealing a significantly higher
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expression of the /TGBS8 gene in numerous tumors com-
pared to normal tissues (Fig. 6A). Due to the challenge
of identifying mouse syngeneic models with high av{8
expression, we opted to overexpress avfp8 in mouse lung
adenocarcinoma LA795 cells. Subsequently, we treated
mice transplanted with LA795 naive cells and LA794-
avp8 cells with the anti-avf8 antibody 130H2.
Interestingly, while only a minor tumor inhibition
effect was observed in the LA795 models, a significant
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Fig. 6 High expression of av38 significantly enhanced the in vivo efficacy of 130H2. (A) mRNA expression of av[38 was compared across 9 distinct tumors
(red) and corresponding normal tissues (blue) from the TCGA and GTEx projects. (B) LA795 cells bearing Kunming mice (n=7) were intravenously treated
with 10 mg/kg 130H2 or isotype control every four days for three times. Tumor volume was measured and shown as mean + SEM. The expression of av38
on LA795 was detected by FACS and the histogram was embedded beside the tumor growth curve. (C) Kunming mice (n=7 per group) bearing human
av38 overexpressed LA795 cells were intravenously treated with 5 mg/kg 130H2, 130H2-LALA, isotype control or isotype-LALA every four days for three
times. The overexpression of av38 on LA795-hav38 is shown at the right of tumor growth curve. Tumor volume was recorded and shown as mean + SEM.
P value of 130H2 verse isotype was determined by two-way ANOVA, ****P <0.0001. (D) Timeline graphical representation of PK and safety evaluation in

two cynomolgus monkeys, which were administrated 10 mg/kg 130H2 via intravenous infusion. (E) The concentration of 130H2 in serum was measured
by ELISA
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anti-tumor effect was noted in the LA795-av38 models
(Fig. 6B, C, P<0.0001). To rule out cytotoxicity related
to Fc function, an Fc silent LALA mutation was intro-
duced into the Fc region of the 130H2 antibody. The
efficacy of both the original 130H2 antibody and the
mutated 130H2-LALA antibody was compared in the
LA795-avB8 mouse models. Surprisingly, no difference
was observed between these two groups, indicating that
the anti-tumor effect was not mediated by the antibody’s
Fc function. Our findings suggest that the observed anti-
tumor effect was primarily due to the blocking function
of TGEF-f rather than the antibody’s Fc region. Further-
more, tumors expressing avf38 were found to be more
sensitive to the TGF-B blocking effect, highlighting
the potential significance of avp8 expression in tumor
response to such therapies.

The pharmacokinetic (PK) and safety evaluation of the
130H2 antibody was conducted in non-human primates
(NHPs), specifically two cynomolgus monkeys, one male
and one female. The antibody 130H2 was administered at
a dosage of 10 mg/kg via intravenous infusion, with con-
tinuous monitoring over a 3-week period. Hematology,
blood biochemistry, and PK parameters were assessed
(Fig. 6D). No abnormal observations related to the anti-
body administration were noted in any of the animals
during the experiment. The pharmacokinetic analysis of
130H2 in serum, performed using WinNonlin 8.3 soft-
ware, revealed a relatively long average half-life of 338 h
and a maximum concentration (C,,) of 291 pg/mL
(Fig. 6E).

In conclusion, the 130H2 antibody demonstrated high
potency in avp8 expression tumors, along with favorable
pharmacokinetic properties and safety profiles.

max

Discussion

TGEF-B is a crucial immunosuppressive factor within
the TME, exerting its effects through various pathways.
However, the systemic blockade of TGE-f as a therapeu-
tic strategy for tumor progression has been challenging
due to its highly context-dependent functions. Through
scRNA-seq, we identified that integrin avp8, a known
activator of TGF-B, is highly expressed in both tumor
cells and tumor-infiltrating macrophages. In response,
we developed a specific antibody targeting integrin avf38,
named 130H2, to inhibit TGF-p signaling within the
TME.A previous study described another anti-avp8 anti-
body, C6D4, which was found to interact with both the
B8 subunit and the av head domain, indicating potential
nonspecific binding with other av-containing proteins. In
contrast, our structural analysis of the 130H2 antibody
complexed with latent TGF-B (L-TGF-B) demonstrated
that 130H2 exclusively binds to the B8 subunit, under-
scoring its specificity.
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Expression of integrin avf8 was observed in epithe-
lial cells [48, 49], fibroblasts [50], neurons, and glial cells
[51], as well as in DCs [12]. Recently, expression of avf8
in tumor microenvironment was reported but whether
avp expressed in tumor cells or in Treg cell are still in
debate [13, 40, 52-55]. In our study, scRNA-seq revealed
that ITGBS is highly expressed in epithelial cells or epi-
thelial-derived tumor cells, as well as in tumor-infiltrat-
ing macrophages. Further investigation revealed that
ITGBS8-positive macrophages exhibit high expression of
functional genes associated with M2 macrophages, such
as FN1, IL1f5, and CCL4L2, suggesting that these mac-
rophages exhibit an M2-like phenotype. Notably, we did
not observe significant avp8 expression in Treg cells infil-
trating various tumor types.

To further explore avf8 expression in Tregs, we iso-
lated Treg cells from PBMCs and activated them using
CD3/CD28 and IL-2, followed by FACS analysis. The
results indicated minimal avp8 expression in these cells,
leading us to speculate that av8 likely plays a negligible
role in Treg function. In contrast, high expression of avf38
was detected by FACS in CD14+monocytes isolated
from human PBMCs and in vitro-induced macrophages.
Interestingly, when CD14+monocytes were incubated
with M-CSF to induce anti-inflammatory M2-like mac-
rophages, the expression of avp8 increased dramatically.
Conversely, treatment with GM-CSF to promote M1-like
pro-inflammatory macrophages led to a marked decrease
in avP8 expression. These results suggest that avf8 may
be directly involved in macrophage polarization. Fur-
thermore, incubation with an avf8-specific antibody sig-
nificantly altered macrophage function, as evidenced by
a dramatic increase in pro-inflammatory IL-6 secretion
and a concomitant decrease in anti-inflammatory IL-10
secretion. This observation confirms that blocking avf38
can shift macrophage polarization toward a more pro-
inflammatory M1-like phenotype.

A previous study concluded that avp8 is not expressed
on tumor cells but is instead restricted to tumor-infiltrat-
ing Treg cells [42]. This conclusion was drawn from the
absence of detectable avfp8 expression in disaggregated
mouse tumor cells, including those from avf8-expressing
cell lines such as CCK168 and TRAMP-C2. While their
findings are valid within the scope of their experimental
design, alternative methodologies might yield additional
insights. For instance, immunohistochemical (IHC)
staining of human tumor tissues has consistently dem-
onstrated significant avp8 expression localized to tumor
cells [56], suggesting potential differences in expression
patterns between species or experimental conditions. The
authors also employed FACS-based sorting of immune
cells from murine tumors followed by RT-PCR to assess
avP8 expression. However, in our attempts to replicate
similar analyses, we encountered technical challenges
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due to the low abundance of non-T cell immune popula-
tions in murine tumors, which made it difficult to gen-
erate reliable data. In comparison, approaches such as
single-cell transcriptomics using fresh human tumor
tissues appear to offer more robust and comprehensive
insights. These considerations highlight the importance
of incorporating diverse models and methods to achieve
a more complete understanding of avp8 expression and
its role in tumor biology.

In preclinical models, treatment with 130H2 signifi-
cantly inhibited tumor growth in the immune-excluded
EMT6 model. TILs analysis demonstrated that 130H2
monotherapy enhanced immune cell infiltration and
increased the population of pro-inflammatory M1 mac-
rophages. Further investigation confirmed that avf38-
blocking antibodies promote macrophage polarization
towards the M1 phenotype, a finding also validated in
the avp8-deficient CT26 model. In the CT26 tumors,
baseline macrophage populations were predominantly
M1&M2 intermediate and M2 phenotypes, with limited
M1 macrophages. Following 130H2 treatment, the M2
population was significantly reduced, accompanied by
an increase in M1&M?2 intermediate populations and
enhanced overall immune cell infiltration, indicating
a favorable shift in the tumor immune microenviron-
ment. The combination of avp8-blocking antibodies with
PD-1 inhibitors produced a synergistic antitumor effect.
This dual treatment significantly increased immune
cell infiltration, including CD3+T cells and M1 mac-
rophages, similar to the changes observed with 130H2
monotherapy. Given that anti-PD-1 therapy enhances T
cell activity, the combination therapy exerts a synergis-
tic anti-tumor effect by concurrently facilitating immune
cell infiltration through 130H2 and activating T cells via
PD-1 blockade.

To validate our findings and better understand the
therapeutic potential of avf8 integrin blockade in com-
bination with immune checkpoint inhibitors, further
testing across a broader range of mouse models is essen-
tial. Given the spatial and temporal context dependency
of TGF-B signaling, evaluating avP8 integrin inhibi-
tion in tumor models representing diverse biological
and immune environments is crucial. Models derived
from different organ sites, such as melanoma, lung can-
cer, and colorectal cancer, will help determine whether
avB8 blockade exerts organ-specific effects on the tumor
microenvironment. Additionally, comparing primary
versus metastatic tumors, as well as orthotopic versus
subcutaneous models, could provide insights into how
tumor progression and the native tumor environment
influence therapeutic outcomes.

Importantly, further studies should explore tumor
models reflecting the three major immune pheno-
types—immune-inflamed, = immune-excluded, and
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immune-desert [57].These phenotypes, also observed
in human solid tumors, are characterized by distinct
immune microenvironments that influence their respon-
siveness to immunotherapies. Immune-inflamed tumors,
with abundant T cell infiltration, typically respond well
to PD-1/PD-L1 inhibitors. In contrast, immune-excluded
tumors restrict T cells to the tumor periphery, often
due to elevated TGF-f signaling, while immune-desert
tumors exhibit minimal immune cell presence and are
largely unresponsive to immunotherapy. Our study uti-
lized EMT6 (immune-excluded) and CT26 (moderately
inflamed) mouse models to demonstrate that avp8 inte-
grin blockade enhances the efficacy of anti-PD-1/PD-L1
therapy. Expanding to other models, such as inflamed
(e.g., melanoma) and immune-desert (e.g., neuroendo-
crine) tumors, would allow systematic evaluation of avf38
inhibition across diverse immune contexts, providing
critical insights into the generalizability and clinical rel-
evance of these findings.

Among these phenotypes, TGF- signaling is particu-
larly associated with the immune-excluded phenotype,
where it suppresses T cell infiltration and anti-tumor
immunity. Tumors with high TGF-p signaling gene sig-
natures often correlate with poor prognosis across
various cancer types [58]. In our study, PD-1 antibody
monotherapy was ineffective in the immune-excluded
EMT6 model. However, combining the avp8 antibody,
which inhibits TGF-B activation, resulted in significant
tumor inhibition, suggesting that simultaneous blockade
of TGE-P signaling and PD-1/PD-L1 can overcome the
immunosuppressive barriers of the immune-excluded
tumor microenvironment. This combination strategy
enables T cells to infiltrate the tumor and restore anti-
tumor immune responses, highlighting its potential
to improve the efficacy of PD-1 inhibitors in resistant
immune-excluded tumors. Further clinical investigation
of this combination therapy in immune-excluded tumors,
as well as its potential in immune-desert tumors, could
pave the way for more effective, personalized cancer
immunotherapies.

Abbreviations

TGF-B Transforming Growth Factor3
TME Tumor Microenvironment

NK Natural Killer Cells

LAP Latency-Associated Peptide
DCs Dendritic Cells

Tregs Regulatory T Cells

scRNA-seq  single-cell RNA sequencing
ESCA Esophageal Cancer

LIHC Liver Hepatocellular Carcinoma
LSCC Lung Squamous Cell Carcinoma
NPC Nasopharyngeal Cancer
NSCLC Non-Small Cell Lung Cancer
0scC Oral Squamous Cell Carcinoma

KIRC Kidney Renal Clear Cell Carcinoma
TISCH2 Tumor Immune Single-cell Hub 2
ATCC American Type Culture Collection



Guo et al. Journal of Experimental & Clinical Cancer Research

MEM Minimum Essential Medium

FBS Fetal Bovine Serum

RLU Relative Luminescence Units

CTF Contrast Transfer Function

PBMCs Peripheral Blood Mononuclear Cells

M-CSF Macrophage Colony-Stimulating Factor
GM-CSF Granulocyte-Macrophage Colony-Stimulating Factor
IL-6 Interleukin-6

IL-10 Interleukin-10

HTRF Homogeneous Time-Resolved Fluorescence
ELISA Enzyme-Linked Immunosorbent Assay

TGl Tumor Growth Inhibition

UMAP Uniform Manifold Approximation and Projection
mAb Monoclonal Antibody

Fab Antigen-Binding Fragment

CDR Complementarity-Determining Region

KD Dissociation Constants

FACS Flow Cytometry

ECso Half-Maximal Effective Concentration

1Cs Half-Maximal Inhibitory Concentration

SDL2 Specificity-Determining Loop 2

TILs Tumor-Infiltrating Lymphocytes

MDSCs Myeloid-Derived Suppressor Cells

PK Pharmacokinetics

NHPs Non-Human Primates

C Maximum Concentration

max

Supplementary Information
The online version contains supplementary material available at https://doi.or
9/10.1186/513046-024-03250-1.

[ Supplementary Material 1 ]

Acknowledgements
We gratefully acknowledge the support provided by colleagues at Mabwell
(Shanghai) Bioscience Co.,, Ltd.

Author contributions

X.G.and C.G. played pivotal roles in initiating the study and overseeing

the research activities. C.G. was responsible for designing the experiments
and analyzing the data collected throughout the study. Q.Z, S.L,, and H.S.
performed the Cryo-EM grid preparation, data collection and processing.
ZH.and Y.P.conducted most of the experimental work, making significant
contributions to the empirical findings of the research Y.D. and X.D were
instrumental in conducting the bioinformatic analysis and figures creation.
XX performed the blocking assay of antibodies. J.Z. processed human tumor
samples and performed the related analyses. The manuscript was primarily
written by C.G., with X.G. and C.G. providing essential guidance for the project.
Both were actively involved in revising the manuscript to ensure accuracy and
clarity.

Funding
This work was supported by Mabwell (Shanghai) Bioscience Co., Ltd.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval

The experiments involving mice were approved by the Institutional Animal
Care and Use Committee (IACUC) of Yicon BioMedical Technology Inc. (Beijing,
China). The experiment involving cynomolgus monkeys was approved by the
Animal Ethics Committee of Guochen Biotechnology Co., Ltd. (Suzhou, China).
All animal studies were conducted in accordance with the Guide for the Care
and Use of Laboratory Animals.

(2025) 44:1

Page 18 of 19

Competing interests

CG, YD, XD,YP, ZH.and X.G. are employees of Mabwell (Shanghai)
Bioscience Co, Ltd. C.G. and X.G. hold shares in Mabwell (Shanghai) Bioscience
Co, Ltd, suggesting a financial interest in the outcomes of the research. No
competing interests were declared by the other authors.

Author details

"Mabwell (Shanghai) Bioscience Co., Ltd, Shanghai 201210, China
“State Key Laboratory of Vaccines for Infectious Diseases, National
Institute of Diagnostics and Vaccine Development in Infectious Diseases,
School of Public Health, Xiamen University, Xiamen, China

*Nanjing Novoacine Biotechnology Co., Ltd, Nanjing 210032, China
“State Key Laboratory of Molecular Vaccinology and Molecular
Diagnostics, Xiang An Biomedicine Laboratory, Xiamen University,
Xiamen, China

°Department of Radiation Oncology, Fudan University Shanghai Cancer
Center, Shanghai 200032, China

Received: 30 November 2024 / Accepted: 5 December 2024
Published online: 02 January 2025

References

1. Becker C, Fantini MC, Schramm C, et al. TGF- suppresses tumor pro-
gression in Colon cancer by inhibition of IL-6 trans-signaling. Immunity.
2004;21:491-501.

2. Gorelik L, Constant S, Flavell RA. Mechanism of transforming growth
factor B-induced inhibition of T helper type 1 differentiation. J Exp Med.
2002;195:1499-505.

Thomas DA, Massagué J. TGF- directly targets cytotoxic T cell functions dur-
ing tumor evasion of immune surveillance. Cancer Cell. 2005;8:369-80.

4. Strainic MG, Shevach EM, An F, Lin F, Medof ME. Absent C3a and C5a receptor
signaling into CD4 +T cells enables auto-inductive TGF-31 signaling and
induction of Foxp3+T regulatory cells. Nat Immunol. 2013;14:162-71.

5. LaouarY, Sutterwala FS, Gorelik L, Flavell RA. Transforming growth factor-3
controls T helper type 1 cell development through regulation of natural killer
cell interferon-y. Nat Immunol. 2005;6:600-7.

6. Kelly A, Gunaltay S, McEntee CP, Shuttleworth EE, Smedley C, Houston
SA, Fenton TM, Levison S, Mann ER, Travis MA. Human monocytes and
macrophages regulate immune tolerance via integrin avp8-mediated TGF(
activation. J Exp Med. 2018;215:2725-36.

7. ShiM, Zhu J,Wang R, Chen X, Mi L, Walz T, Springer TA. Latent TGF-3 structure
and activation. Nature. 2011;474:343-9.

8. Munger JS, Harpel JG, Gleizes P-E, Mazzieri R, Nunes |, Rifkin DB. Latent trans-
forming growth factor-@: structural features and mechanisms of activation.
Kidney Int. 1997,51:1376-82.

9. SunT,Huang Z Liang W-C, et al. TGFB2 and TGF{33 isoforms drive fibrotic
disease pathogenesis. Sci TransI Med. 2021;13:eabe0407.

10.  Yang Z, Mu Z, Dabovic B, JurukovskiV, Yu D, Sung J, Xiong X, Munger JS.
Absence of integrin-mediated TGFB1 activation in vivo recapitulates the
phenotype of TGFB1-null mice. J Cell Biol. 2007;176:787-93.

11. Travis MA, Reizis B, Melton AC, et al. Loss of integrin av38 on dendritic cells
causes autoimmunity and colitis in mice. Nature. 2007,449:361-5.

12. Melton AC, Bailey-Bucktrout SL, Travis MA, Fife BT, Bluestone JA, Sheppard D.
Expression of avP8 integrin on dendritic cells regulates Th17 cell develop-
ment and experimental autoimmune encephalomyelitis in mice. J Clin Invest.
2010;120:4436-44.

13.  Edwards JP, Thornton AM, Shevach EM. Release of active TGF-31 from the
latent TGF-31/GARP Complex on T Regulatory Cells is mediated by integrin
(38.J Immunol. 2014;193:2843-9.

14.  Mitra MS, Lancaster K, Adedeji AQ, et al. A potent Pan-TGF@3 neutralizing
monoclonal antibody elicits Cardiovascular Toxicity in mice and Cynomolgus
monkeys. Toxicol Sci. 2020;175:24-34.

15.  Akhurst RJ, Hata A. Targeting the TGF signalling pathway in disease. Nat Rev
Drug Discov. 2012;11:790-811.

16.  Akhurst RJ. Targeting TGF- signaling for therapeutic gain. Cold Spring Harb
Perspect Biol a022301; 2017.

17. Bill R, Wirapati P, Messemaker M, et al. CXCL9:SPP1 macrophage polarity iden-
tifies a network of cellular programs that control human cancers. Science.
2023;381:515-24.


https://doi.org/10.1186/s13046-024-03250-1
https://doi.org/10.1186/s13046-024-03250-1

Guo et al. Journal of Experimental & Clinical Cancer Research

20.

21

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Zhang X, Peng L, LuoY, et al. Dissecting esophageal squamous-cell
carcinoma ecosystem by single-cell transcriptomic analysis. Nat Commun.
2021;12:5291.

Meng, Zhao Q An L, et al. ATNFR2-hnRNPK Axis promotes primary Liver
Cancer Development via activation of YAP Signaling in hepatic progenitor
cells. Cancer Res. 2021;81:3036-50.

Song L, Zhang S, Yu S, Ma F, Wang B, Zhang C, Sun J, Mao X, Wei L. Cellular
heterogeneity landscape in laryngeal squamous cell carcinoma. Int J Cancer.
2020;147:2879-90.

LiuY, He S, Wang X-L, et al. Tumour heterogeneity and intercellular networks
of nasopharyngeal carcinoma at single cell resolution. Nat Commun.
2021;12:741.

Chen Q-F, Gao H, Pan Q-Y, Wang Y-J, Zhong X-N. Analysis at the single-cell
level indicates an important role of heterogeneous global DNA methylation
status on the progression of lung adenocarcinoma. Sci Rep. 2021;11:23337.
Peng Y, Xiao L, Rong H, et al. Single-cell profiling of tumor-infiltrating TCF1/
TCF7+T cells reveals a T lymphocyte subset associated with tertiary lym-
phoid structures/organs and a superior prognosis in oral cancer. Oral Oncol.
2021;119:105348.

Sun D, Wang J, Han Y, et al. TISCH: a comprehensive web resource enabling
interactive single-cell transcriptome visualization of tumor microenviron-
ment. Nucleic Acids Res. 2021;49:D1420-30.

Zheng SQ, Palovcak E, Armache J-P, Verba KA, Cheng Y, Agard DA. Motion-
Cor2: anisotropic correction of beam-induced motion for improved cryo-
electron microscopy. Nat Methods. 2017;14:331-2.

kai zhang. Gctf: real-time CTF determination and correction. J Struct Biol.
2016;193:1-12.

Punjani A, Rubinstein JL, Fleet DJ, Brubaker MA. cryoSPARC: algorithms

for rapid unsupervised cryo-EM structure determination. Nat Methods.
2017;14:290-6.

Scheres SHW, Chen S. Prevention of overfitting in cryo-EM structure determi-
nation. Nat Methods. 2012;9:853-4.

Kucukelbir A, Sigworth FJ, Tagare HD. Quantifying the local resolution of cryo-
EM density maps. Nat Methods. 2014;11:63-5.

Campbell MG, Cormier A, Ito S, Seed RI, Bondesson AJ, Lou J, Marks JD, Baron
JL, Cheng Y, Nishimura SL. Cryo-EM reveals integrin-mediated TGF-B activa-
tion without release from latent TGF-B. Cell. 2020;180:490-e50116.

Pettersen EF, Goddard TD, Huang CC, Couch GS, Greenblatt DM, Meng EC,
Ferrin TE. UCSF Chimera—A visualization system for exploratory research and
analysis. J Comput Chem. 2004;25:1605-12.

Emsley P, Cowtan K. Coot: model-building tools for molecular graphics. Acta
Crystallogr D Biol Crystallogr. 2004;60:2126-32.

Adams PD, Afonine PV, Bunkoczi G, et al. PHENIX: a comprehensive Python-
based system for macromolecular structure solution. International tables for
Crystallography, Online MRW. Ltd: Wiley; 2012. pp. 539-47.

Chen VB, Arendall WB, Headd JJ, Keedy DA, Immormino RM, Kapral GJ, Murray
LW, Richardson JS, Richardson DC. (2010) MolProbity : all-atom structure vali-
dation for macromolecular crystallography. Acta Crystallogr D Biol Crystallogr
66:12-21.

Robert X, Gouet P. Deciphering key features in protein structures with the
new ENDscript server. Nucleic Acids Res. 2014;42:W320-4.

Goddard TD, Huang CC, Meng EC, Pettersen EF, Couch GS, Morris JH, Ferrin
TE. UCSF ChimeraX: Meeting modern challenges in visualization and analysis.
Protein Sci. 2018;27:14-25.

Pettersen EF, Goddard TD, Huang CC, Meng EC, Couch GS, Croll TI, Morris JH,
Ferrin TE. UCSF ChimeraX: structure visualization for researchers, educators,
and developers. Protein Sci. 2021;30:70-82.

Kita D, Takino T, Nakada M, Takahashi T, Yamashita J, Sato H. Expression of
dominant-negative form of Ets-1 suppresses fibronectin-stimulated cell
adhesion and migration through down-regulation of integrin alpha5 expres-
sion in U251 glioma cell line. Cancer Res. 2001,61:7985-91.

Seed RI, Kobayashi K, Ito S, et al. A tumor-specific mechanism of T reg

ment mediated by the integrin avf8. Sci Immunol. 2021;6:eabf0558.

enrich-

(2025) 44:1

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T
52.

53.

54.

55.

56.

57.

58.

Page 19 of 19

(2020) Cryo-EM reveals integrin-mediated TGF-3 activation without release
from latent TGF-B. Cell 180:490-e50116.

Castiglioni A, Yang Y, Williams K, et al. Combined PD-L1/TGF@ blockade
allows expansion and differentiation of stem cell-like CD8 T cells in immune
excluded tumors. Nat Commun. 2023;14:4703.

Dodagatta-Marri E, Ma H-Y, Liang B, et al. Integrin av8 on T cells suppresses
anti-tumor immunity in multiple models and is a promising target for tumor
immunotherapy. Cell Rep. 2021. https://doi.org/10.1016/j.celrep.2021.109309.
Wang H, Zhang J, LiH, Yu H, Chen S, Liu S, Zhang C, He Y. FNT is a prognostic
biomarker and correlated with immune infiltrates in gastric cancers. Front
Oncol. 2022;12:918719.

Bent R, Moll L, Grabbe S, Bros M. (2018) Interleukin-1 Beta—A Friend or Foe in
Malignancies? IJIMS 19:2155.

Mukaida N, Sasaki S, Baba T. CCL4 signaling in the Tumor Microenvironment.
In: Birbrair A, editor. Tumor Microenvironment: the role of chemokines - part
A. Cham: Springer International Publishing; 2020. pp. 23-32.

Kouno J, Nagai H, Nagahata T, Onda M, Yamaguchi H, Adachi K, Takahashi H,
Teramoto A, Emi M. Up-regulation of CC chemokine, CCL3L1, and receptors,
CCR3, CCRS in human glioblastoma that promotes cell growth. J Neurooncol.
2004;70:301-7.

Stockis J, Liénart S, Colau D, Collignon A, Nishimura SL, Sheppard D, Coulie
PG, Lucas S. Blocking immunosuppression by human tregs in vivo with anti-
bodies targeting integrin aVB8. Proc Natl Acad Sci U S A. 2017;114:E10161-8.
Mu D, Cambier S, Fjellbirkeland L, Baron JL, Munger JS, Kawakatsu H, Shep-
pard D, Broaddus VC, Nishimura SL. The integrin av[38 mediates epithelial
homeostasis through MT1-MMP-dependent activation of TGF-31. J Cell Biol.
2002;157:493-507.

Cambier S, Mu D, O'Connell D, Boylen K, Travis W, Liu W, Broaddus VC,
Nishimura SL. A role for the integrin av38 in the negative regulation of
epithelial cell Growth1. Cancer Res. 2000;60:7084-93.

Araya J, Cambier S, Markovics JA, et al. Squamous metaplasia amplifies patho-
logic epithelial-mesenchymal interactions in COPD patients. J Clin Invest.
2007;117:3551-62.

(1998) Synaptic and glial localization of the integrin av38 in mouse and rat
brain. Brain Res 791:271-82.

Seed RI, Kobayashi K, Ito S, et al. A tumor-specific mechanism of Treg enrich-
ment mediated by the integrin av38. Sci Immunol. 2021;6:eabf0558.
Dodagatta-Marri E, Ma H-Y, Liang B, et al. Integrin av8 on T cells suppresses
anti-tumor immunity in multiple models and is a promising target for tumor
immunotherapy. Cell Rep. 2021;36:109309.

Stockis J, Liénart S, Colau D, Collignon A, Nishimura SL, Sheppard D, Coulie
PG, Lucas S. (2017) Blocking immunosuppression by human Tregs in vivo
with antibodies targeting integrin aVB8. Proceedings of the National Acad-
emy of Sciences 114:E10161-E10168.

Takasaka N, Seed RI, Cormier A et al. Integrin av8-expressing tumor cells
evade host immunity by regulating TGF- activation in immune cells. JCI
Insight 3:2122591.

Takasaka N, Seed Rl, Cormier A, et al. Integrin av38-expressing tumor cells
evade host immunity by regulating TGF-f activation in immune cells. JCI
Insight. 2018. https://doi.org/10.1172/jciinsight.122591.

Hegde PS, Chen DS.Top 10 challenges in Cancer Immunotherapy. Immunity.
2020;52:17-35.

Mariathasan S, Turley SJ, Nickles D, et al. TGF attenuates tumour response
to PD-L1 blockade by contributing to exclusion of T cells. Nature.
2018;554:544-8.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.1016/j.celrep.2021.109309
https://doi.org/10.1172/jci.insight.122591

	﻿Specifically blocking αvβ8-mediated TGF-β signaling to reverse immunosuppression by modulating macrophage polarization
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Single-cell RNA-seq data source
	﻿Cells
	﻿Animals
	﻿Blocking activity determination
	﻿Cryo-EM sample and data collection
	﻿Image processing and 3D reconstruction
	﻿Atomic model building, refinement, and 3D visualization
	﻿In vivo efficacy studies in syngeneic tumor models
	﻿In vivo efficacy studies in αvβ8 overexpressed tumor models
	﻿Human PBMC derived M1 and M2-like macrophages and DCs preparation
	﻿Regulatory T cells preparation and αvβ8 detection
	﻿Characterization of macrophage polarization
	﻿Single-dose pharmacokinetics study
	﻿Statistical analysis

	﻿Results
	﻿scRNA-seq of KIRC and HNSCC reveals high expression of αvβ8 in tumors and tumor-infiltrating macrophages
	﻿Anti-αvβ8 antibody exhibits high binding affinity and potent TGF-β blocking activity
	﻿Cryo-EM analysis demonstrates antibody specificity
	﻿Anti-αvβ8 antibody inhibits tumor growth and reverses immunosuppression by enhancing immune cell infiltration
	﻿Regulation of macrophage polarization by anti-αvβ8 antibody
	﻿Enhanced efficacy of anti-αvβ8 in tumors with high αvβ8 expression

	﻿Discussion
	﻿References


