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ABSTRACT

Tumor infiltrating mast cells (TIMs), with pro- or anti-tumorigenic role in different types of malignancies,
have been implicated in resistance to anti-PD1 therapy. Here, we aimed to identify the relevance of TIMs
with the prognosis, immune contexture, and immunotherapy in high-grade serous ovarian cancer
(HGSOCQ). Tissue microarrays containing 197 HGSOC patients were assessed by immunohistochemistry
(IHC) for detecting the expression of mast cell tryptase and other immune markers. Kaplan-Meier curve,
log-rank test, and Cox regression model were applied to perform survival analysis. Single-cell RNA-seq
analysis and flow cytometric analysis were selected to characterize TIMs. Furthermore, short-term HGSOC
organoids were employed to validate the effect of TIMs on anti-PD1 therapy. Abundance of stromal TIMs
(sTIMs) predicted dismal prognosis and linked to immunoevasive subtype of HGSOC, characterized by
increased infiltration of pro-tumor cells (Treg cells, M2-polarized macrophages, and neutrophils) and
impaired anti-tumor immune functions. Intensive inter-cell interactions between TIMs and other immune
cells were identified, suggesting potential cross-talks to foster an immunosuppressive microenvironment.
Organoids derived from sTIMs-low patients were associated with increased response to anti-PD-1 treat-
ment other than the presence of high sTIMs infiltration. A nomogram, constructed by combining FIGO
stage, sTIMs, and PD-L1, with an area under the curve (AUC) for predicting 5-year overall survival of 0.771
was better than that of FIGO staging system of 0.619. sTIMs/PD-L1-based classifier has potential clinical
application in predicting prognosis of patients with HGSOC. sTIMs-high tumors correlate with immuno-
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suppressive tumor microenvironment (TME) and possess potential insensitivity to immunotherapy.

Introduction

High-grade serous ovarian cancer (HGSOC) accounts for the
leading cause of ovarian cancer deaths, even after successful
first-line treatment with cytoreductive surgery followed by
combined chemotherapy."”” Immune checkpoint blockade
(ICB) therapy has been proven to be a promising treatment
strategy for a variety of malignancies through unleashing anti-
tumor immunity.>~> Nevertheless, various clinical trials using
anti-programmed cell death-1 (anti-PD-1), anti-programmed
cell death ligand-1 (anti-PD-L1), or anti-cytotoxic
-T-lymphocyte-associated protein 4 (anti-CTLA-4) antibodies
have shown limited response rates of 10%-15% in patients with
ovarian cancer.”® However, these clinical trials were con-
ducted in unstratified patients, as existing biomarkers for ICB
response are controversial.>® Therefore, further stratification
of patients with HGSOC for predicting response to ICB ther-
apy is urgently needed.

Emerging researches highlight the complex relationship
between ICB response and tumor-infiltrating immune
cells.'®™ For example, CD4" memory T cells enrichment
and tumor-infiltrating lymphocytes density at tumor invasive

margin strongly correlated with better ICB efficacy.>"

Conversely, Treg cells and tumor-associated macrophages
were linked to poor ICB responsiveness.'®!” Tumor infiltrating
mast cells (TIMs) were associated with resistance to anti-PD-1
therapy in a humanized mouse melanoma model, while deple-
tion of TIMs significantly increased anti-PD-1 response.'®
However, the association between TIMs and survival as well
as response to immune checkpoint blockade therapy in
HGSOC remains elusive.

The role of TIMs in tumors still remains controversial,
because TIMs may engender pro- or anti-tumor -effects,
depending on the context of tumor development.'*** For
instance, high infiltration of TIMs is associated with longer
survival of patients with colon cancer and shorter survival in
clear cell renal cell carcinoma.”"** A previous study showed
that there was no relationship between the density of TIMs and
the survival rate of advanced ovarian cancer.”” However, the
number of patients enrolled in the above study was small
(serous adenocarcinomas, n = 33; others, n = 11). The correla-
tion between TIMs and TME in HGSOC remains unclear to
date.
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In the present study, we observed the correlations between
TIMs and overall survival of patients with HGSOC. In addition
to the relationship between TIMs and the immunosuppressive
TME, the predictive value of TIMs for ICB treatment would
also be explored. The intercellular interactions among TIMs
and other immune cells were studied in scRNA-seq dataset
from HGSOC.

Materials and methods
Ethics approval and consent to participate

The study was approved by the Ethics Committee of Obstetrics
and Gynecology Hospital, Fudan University (Kyy2016-49,
Kyy2017-27) and the Ethics Committee of Suzhou Municipal
Hospital. The study was performed in accordance with the
Declaration of Helsinki. All patients in this study provided
written informed consent for sample collection and data
analysis.

Study population

The Discovery set included 120 patients with HGSOC who
underwent primary surgery at our hospital between
March 2013 and November 2015. The Validation set collected
79 patients with HGSOC at Suzhou Municipal Hospital from
May 2013 to August 2018 and two patients were excluded from
analysis due to unavailable tissue samples. Pathological staging
was graded according to the FIGO (International Federation of
Gynecology and Obstetrics) Classification (2018), and histolo-
gical types were determined according to the current WHO
(World Health Organization) Classification. Overall survival
(OS) was determined from the date of surgery to death or last
follow-up. All patients were followed up until March 2019.
None of the patients received neo-adjuvant chemotherapy,
radiation, or any other anti-tumor medicines before surgery.
Fresh tumor tissues from 30 patients with HGSOC were
applied to organoids culture (n = 23), and paired with auto-
logous peripheral blood (n = 9). The characteristics of all
participants were shown in Supplementary Table S1.

Immunohistochemistry and evaluation

Tissue microarrays (TMAs) were established and immunohis-
tochemistry (IHC) staining was performed as previously
described.”® Briefly, all specimens were reviewed with hema-
toxylin and eosin staining, and two 2.0-mm diameter tissue
cores of the rich tumor area were punched out from each
sample to construct TMAs. To perform IHC, the TMA sections
were deparaffinized in xylene and rehydrated to distilled water,
and the endogenous peroxidase was quenched in 3% hydrogen
peroxide in methanol for 30 minutes. Subsequently, antigen
retrieval was performed with citrate buffer for 10 minutes in
a water bath. Sections were incubated with 10% normal goat
serum for 30 minutes to block nonspecific staining, without
being washed, then were incubated with primary antibodies
(listed in Supplementary Table S2) overnight at 4°C. After
washing, sections were incubated with polymer reinforce fol-
lowed enzyme labeled anti-mouse/rabbit polymer (PV-9000,

Beijing ZSGB Co., Ltd., Beijing, China) and visualized with
3'3-diaminobenzidine DAB (Cell Signaling Technology,
Danvers, MA). Immunoglobulin isotype (IgG) was used as
a negative control. Images were taken on Nikon Eclipse 80i
microscope (Nikon Instruments, NY). The representative
images were shown in Supplementary Figures S1-3. TMAs
were independently reviewed by two investigators (M.Y. and
Y.W.) who were blind to clinical information. The positive cells
were enumerated from three representative view of sections in
high-power field (HPF) at a magnification of 200X (area:
0.4 mm®) and an average number was adopted. PD-L1 was
scored as positive or negative for using a threshold of >1
positive cells in any representative fields.”’

Definition of cutoff value

The optimal cutoft values of TIMs, sTIMs, and iTIMs were
calculated by X-tile (version 3.6.1) with the minimum P value.
The cutoff value of TIMs was nine cells per HPF (x200 magni-
fication), the cutoff value of sTIMs was 7.3 cells per HPF (x200
magnification), the cutoff value of iTIMs was 1.5 cells per HPF
(%200 magnification), and the cutoft value of TIMs in TCGA
was 5.3 (fractions by CIBERSORT).

Preparation of single cell suspension from HGSOC tissues

Fresh tissues were washed with cold phosphate buffer saline (PBS)
which contained 1% fetal bovine serum (FBS) for three times. The
specimens were minced into small pieces and collected in RPMI-
1640 medium containing 1 mg/mL collagenase IV and 10 mg/mL
deoxyribonuclease I and mechanically dissociated using MACS
Dissociator (Miltenyi BioTech). Dissociated cell suspensions were
further incubated for 1 h at 37°C under continuous rotation. The
cell suspensions were then filtered through a 100 pum cell strainer
(BD Labware) and washed once with PBS.

Flow cytometry

Single cell suspensions from tumor tissues and peripheral
blood cells were blocked with Fc-receptor blocking reagent
(Biolegend). The cells were subsequently stained with fluoro-
chrome-conjugated antibodies against cell surface markers for
30 min at 4°C in the dark. Before intracellular and intranuclear
staining, samples were treated with FOXP3/Transcription
Factor Staining Buffer Set (Invitrogen). Parallel cells were
stained with isotype-matched control antibodies to control
for background staining. Dead cells were excluded by Zombie
Aqua™ Fixable Viability Kit (Biolegend). Fluorescence was
measured by flow cytometry with a CytoFLEX flow cytometer
(Beckmann Coulter) and analyzed using FlowJo software ver-
sion 10.08 (Tree Star). Specific information of antibodies was
listed in Supplementary Table S3.

Single-cell RNA-seq analysis

ScRNA-seq profiling from primary (n = 3; GSE158937) and
metastatic (n = 2; GSE147082) HGSOC without neoadjuvant
therapy was merged via R package ‘Seurat’. For each sample,
genes that were expressed in less than 3 cells and cells that



expressed less than 200 genes were excluded. Furthermore, the
data was filtered to include cells that expressed not more than
6000 genes and less than 25% of mitochondrial transcripts.
After quality control, we obtained 11560 cells in total. After
data normalization, principal component analysis, and
Uniform Manifold Approximation and Projection (UMAP),
18 clusters were identified and defined by canonical cell mar-
kers. R package ‘CellChat’ was used to infer intercellular com-
munication networks through a database of interactions
among ligands, receptors, and their cofactors.®

Ex vivo analysis

To recapitulate the tumor faithfully from their derivation and test
the sensitivity to PD-1 blockade, we developed HGSOC short-
term organoids culture.”” The single cell suspension was incu-
bated in 1x Red Blood Cell Lysis buffer (Biolegend) for five
minutes at room temperature, and spun for three minutes at
1500 RPM. The lysis buffer was aspirated and resuspended in
RPMI-1640 (10% FBS, and 1% Pen/Strep). The appropriate cell
number of single cell suspension was diluted to a concentration of
6 x 10° cells/mL in RPMI-1640, 10% FBS, 1% Pen/Step, and
30 ng/mL of IL-2 (Peprotech) mixed with 15% Matrigel
(Corning). 40 uL of suspension was added per well of 48 well
plate. Anti-PD-1 antibody and isotype control antibody (Bioxcell)
were used at a final concentration of 10 pg/mL in RPMI-1640,
10% FBS, 1% Pen/Strep, and 30 ng/mL of IL-2 for 72 hours.
Protein transporter inhibitor (Invitrogen) was added to the
media at a concentration of 1:500 and incubated for 2 hours
prior to being harvested for flow cytometry analysis.

External data source and computational analysis

Transcriptomic, mutation, and clinical data of TCGA-OV were
downloaded from the GDC Data Portal (https://portal.gdc.
cancer.gov/) in Dec 2019. The RNA-seq data were normalized
via transcripts per million (TPM). 316 cases conformed the
following criteria: (a) available for mRNA expression data, (b)
available for clinical data and follow-up information, (c) serous
ovarian cancer and grade > 3. According to these criteria, data
of RNA-seq and response to PD-1 blockade therapy
(GSE93157) in patients with melanoma were obtained from
Gene Expression Omnibus (https://www.ncbi.nlm.nih.gov/
geo/). The fraction of TIMs was calculated by CIBERSORT
algorithm (LM22 signature and 1000 permutations) and its
abundance was equal to the sum of mast cell resting and mast
cell activated.>**' Gene Set Enrichment Analysis (GSEA) was
conducted in GSEA software (http://software.broadinstitute.
org/gsea/). R package ‘limma’ was used to identify differential
expressed genes (DEG, |FoldChange| > 2 and adjust.P < .05)
between patients with high and low TIMs infiltration. Immune
checkpoint signature and antigen presenting machinery signa-
ture, defined from previous studies, were viewed as biomarkers
for ICB therapy in various solid tumors and scored as the
average of related genes expression (Supplementary Table
S4). R packages ‘rms’ and ‘survival’ were used for constructing
nomogram. Time-dependent AUC analysis and time-
dependent ROC curves were computed with ‘survival’ and
‘timeROC’ packages.
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Statistical analysis

Student’s t-test and paired t-test were used for two group
differential analysis. Spearman’s correlation test was used for
correlation analysis. Pearson’s chi-square test and Fisher’s
exact test were used to compare variables. For univariable
survival analysis, survival curves were estimated by the
Kaplan-Meier method and log-rank test were performed to
compare the difference between two survival curves in software
Medcalc 15. Relevant variables in univariable analysis with
a P < .2 were included in the multivariable Cox analysis.
Statistical analyses were conducted using IBM SPSS Statistics
(version 21.0), Graph Pad Prism Software (version 8.0), and
Medcalc software (version 15.2.2). The significant value was
defined as P < .05, and all tests were two-sided.

Results

Stromal infiltrating mast cells correlate with tumor
progression in HGSOC

Tumor-infiltrating mast cells (TIMs) were quantified in
HGSOC (Figure la). Compared with intratumor tissues, stro-
mal tissues showed significantly higher infiltration of TIMs
(Figure 1b). The optimal cutoff value of stromal infiltrating
TIMs (sTIMs) and intratumor infiltrating TIMs (iTIMs) were
7.3 cells/HPF and 1.5 cells/HPF, respectively (Figure 1b).
Consequently, we predominantly focused on sTIMs in the
following study. sTIMs were positively correlated with FIGO
stage (P = .026, Figure 1c; P = .046, Figure 1d), while no
significant difference was observed in iTIMs (Supplementary
Figure S4a), indicating that sTIMs correlate with tumor
progression.

Increased infiltration of sTIMs is associated with poor
prognosis of HGSOC

To further investigate the clinical significance of sTIMs in
HGSOC, we applied Kaplan-Meier curve and log-rank test to
compare the OS between high and low sTIMs subgroups. In
both Discovery set and Validation set, higher infiltration of
sTIMs predicted poorer OS (HR = 2.252, 95% confidence
interval [CI], 1.339-3.790, P = .001, and HR = 2.978, 95%CI,
1.231-4.201, P = .018, respectively) (Figure 2a, 2b). In TCGA
set, higher fraction of TIMs associated with dismal prognosis
(HR = 1.489, 95%CI, 1.022-2.168, P = .018) (Figure 2c).
Multivariate Cox regression analysis indicated that sTIMs
could serve as a potential independent prognostic factor for
OS in Discovery set, while TIMs could serve as an independent
prognostic factor of OS in TCGA set (Figure 2d). Meanwhile
TIMs were also associated with poorer OS in both sets
(Supplementary Figure S4b, S4c), but no relationship was
observed between iTIMs and OS (Supplementary Figure
S4d, S4e).

Consistently, we found that the presence of PD-L1 was
associated with favorable prognosis in multivariate analysis
(Figure 2d).”” Furthermore, we investigated the correlations
between tumor infiltrating immune cells (CD3, CD4, CDS8,
Thl, Th2, Treg, B, NK, Macrophages, M2 polarized macro-
phages, neutrophils, TIMs, and sTIMs) and OS in univariate
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Figure 1. Evaluation of TIMs by IHC in patients with HGSOC. a Representative IHC staining images of TIMs in different tumor tissue compartments. Magnification at 200X
and 400X. b Numbers of TIMs per HPF were compared between intratumor and stromal tissues (n = 120) and cutoff value of sTIMs and iTIMs were 7.3 cells/HPF and 1.5
cells/HPF respectively. P-value (paired t test). c Relative portion of high and low sTIMs according to FIGO stage. Figures at each box indicated the number of
corresponding patients. P-value (pearson’s chi-square test). d Association between sTIMs and FIGO stage. P-value (student’s t test).

and multivariate analysis in both Discovery and TCGA set.
M2-polarized macrophages and neutrophils served as an inde-
pendent poor OS predictor consistently in both sets
(Supplementary Table S5, Table S6).

sTIMs enrichment correlate with immunoevasive tumor
microenvironment

We investigated whether sTIMs were associated with the
tumor microenvironment which plays important roles in
clinical outcomes and immunotherapeutic response.’”
Tumor associated immune cells and effector molecules
were evaluated by IHC and the representative IHC images
were presented in Supplementary Figures S1-3. sTIMs
were positively correlated with Treg cells, M2-polarized
macrophages, and neutrophils (Figure 3a, Supplementary
Figure S5a). When regarding sTIMs as a dichotomous
data, the numbers of Treg cells, M2-polarized macro-
phages, and neutrophils were significantly higher in
sTIMs high group than those in sTIMs low group
(Figure 3b). Furthermore, sTIMs were negatively

correlated with granzyme B (GZMB), perforin 1 (PRF1),
T cell immunoglobulin-and mucin domain-containing
protein 3 (Tim-3) and programmed cell death 1 (PD-1),
while positively correlated with interleukin-10 (IL-10) and
tumor growth factor (TGF)-B (Figure 3¢, Supplementary
Figure S5b). Consistently, compared with sTIMs low
group, the number of GZMB, PRF1, TNF-a, Tim-3, and
PD-1 positive cells was significantly lower while the num-
ber of IL-10 and TGF-P positive cells was significantly
higher in sTIMs high group (Figure 3d). These results
were also confirmed in Validation set (Supplementary
Figure 5¢, S5d).

Flow cytometry analysis illustrated that more Treg,
CD206"'macrophages, and neutrophils in tumors with high
sTIMs (Figure 3e). Furthermore, we investigated the functional
phenotype of CD8" T cells between sTIMs high/low subgroups.
Notably, the expression of effector molecules (GZMB and PRF1)
and immune checkpoint PD-1 in CD8" T cells was marginally
decreased in tumors with high sTIMs (Figure 3f, 3g).
Consistently, tumors with high fraction of TIMs down-
regulated expression of anti-tumor immune response genes as
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Figure 2. sTIMs predicts poor prognosis in HGSOC. a-b Kaplan-Meier curve was established according to different sTIMs level in Discovery set and Validation set. The
overall survival (OS) was compared between patients with high sTIMs and low sTIMs infiltration. Log-rank test was performed for Kaplan-Meier curves. ¢ Kaplan-Meier
curve and log-rank test were conducted according to different TIMs level in TCGA set. OS was compared between patients with high TIMs and low TIMs infiltration. Log-
rank test was performed for Kaplan-Meier curves. d Univariate and multivariate cox regression for TIMs and clinic-pathological variables in Discovery set (n = 120) and
TCGA set (n = 316). HR, hazard ratio; Cl, confidence interval; Pos., positive; Neg., negative; LN metastasis, lymph nodes metastasis; SD, stable disease; PD, progressive
disease; CR, complete remission; PR, partial remission. Significant P values (P < .05) are bolded.

well as signaling pathways involved in “antigen processing and
presentation”, “natural killer cell mediated cytotoxicity” and “T
cell receptor signaling pathway” (Supplementary Figure S6a,
S6b). These findings suggest sTIMs could contribute to the

establishment of immunosuppressive tumor microenvironment.

TIMs and other immune cells crosstalk in the tumor
microenvironment of HGSOC

To better characterize the role of TIMs in the establishment of
immunosuppressive tumor microenvironment, we identified
and visualized 18 clusters using the UMAP method in the
integrated scRNA-seq profiling from primary (n = 3) and
metastatic (n = 2) HGSOC (Figure 4a). According to the
expression of PTPRC (CD45), cells were divided into nonim-
mune cells (10 clusters) and immune cells (8 clusters)
(Supplementary Figure S7a). Immune cells included myeloid
cells (LYZ and C1QB), cytotoxic T cells (CD3D, CD8A, GZMA,

and PRF1I), naive T cells (CD3D, CCR7, and IL7R), Treg cells
(FOXP3 and IL2RA), B cells (MS4A1 and CD79A), plasma cells
(MZBI and CD38), plasmacytoid DC (pDC; TCF4, LILRA4,
and GZMB), and mast cells (TPSABI and CD117) (Figure 4b).
Differentially expressed gene analysis indicated that TPSABI
and CDI117 ranked the top upregulated genes in mast cells
(Supplementary Figure S7b, S7 c). Gene Ontology (GO) term
enrichment analysis of DEGs revealed that in addition to mast
cell ~ degranulation, positive regulation of  type
I hypersensitivity, and Fc-epsilon receptor signaling pathway,
mast cells also have the potential to reshape the immune
microenvironment, such as positive regulation of macrophage
differentiation and immune response (Supplementary Table
S7). We calculated the mean of normalized expression of top
30 marker genes (ranked by FoldChange) to represent the
relative abundance of TIMs. Consistently, high TIMs score
also linked to poor prognosis (Supplementary Figure S7d and
Supplementary table S4).
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a

Figure 3. sTIMs link to immunoevasive subtype of HGSOC. a Heat map displayed scaled expression of various immune cells between high (n =51) and low (n = 69) sTIMs
groups and numbers in left boxes indicated the spearman correlation coefficients with corresponding immune cells (**, P < .01; ***, P < .001). b Comparison of the
various immune cells between high (n = 51) and low (n = 69) sTIMs groups. P-value (student’s t test). ¢ Heat map displayed scaled expression of various immune
molecules between high (n = 51) and low (n = 69) sTIMs groups and numbers in left boxes indicated the spearman correlation coefficients with corresponding
molecules (¥, P < .05, **, P < .01; ***, P < .001). d Comparison of the various immune molecules between high (n = 51) and low (n = 69) sTIMs groups. P-value (student’s
t test). e Proportion of different immune cells of HGSOC specimens with low (n = 18) and high (n = 12) sTIMs level. P-value (student’s t test). f Proportion of immune
effector molecules (GZMB, PRF1, and IFN-y) in CD8" T cells of HGSOC specimens with low (n = 18) and high (n = 12) sTIMs level. P-value (student's t test). g Proportion of
immune checkpoint molecules (CTLA-4, Tim-3, PD-1, and LAG-3) in CD8" T cells of HGSOC specimens with low (n = 18) and high (n = 12) sTIMs level. P-value (student’s

t test).
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Next, we focused on cell-cell interaction network in
HGSOC. Although myeloid cells harbored the most ligand-
receptor interactions, several potential interactions among
mast cells and other immune cells were identified (Figure 4c,
4d). Mast cells were predicted to interact with myeloid cells via
TGFB1-(TGFBR1+ TGFBR2) axis and CSF1-CSFIR axis, sug-
gesting that mast cells could promote proliferation and differ-
entiation of macrophages. CCL4-CCR5 interactions was
inferred between mast cells and Treg cells, suggesting that
mast cells could attract Treg cells in HGSOC. Cell-cell com-
munication result also indicated that mast cells might employ
CLEC2B/C-KLRBI axis and PD-L1-PD-1 axis to inhibit the
anti-tumor function of T cells (Figure 4e). Compared with
peripheral mast cells (n = 9), TIMs in HGSOC (n = 9)
expressed higher level of TGF-p and PD-L1, which further
supported the inferred interactions (Figure 4f, 4g).

Stratification of patients based on sTIMs predicts immune
checkpoint blockade therapy response and prognosis in
HGSOC

Given that TIMs could contribute to anti-PD-1 resistance in
tumor mice models, we explored the relationship between
sTIMs and ICB response in patients with HGSOC. Tumors
with low sTIMs exhibited more of PD-L1 protein and mRNA
expression than tumors with high sTIMs in Discovery and
TCGA set (Figure 5a, 5b). In addition, scores of immune
checkpoint signature and antigen-presenting machinery signa-
ture were significantly more accumulated in tumors with low
fraction of TIMs in TCGA set (Supplementary Figure S8a,
S8b). Compared with organoids derived from high sTIMs
tumors, organoids from low sTIMs tumors exhibited enhanced
effector function of CD8"T cells in response to anti-PD-1 anti-
body (Figure 5c¢). Intriguingly, melanoma patients failing to
response to immune checkpoint blockade therapy tended to
have increased fraction of TIMs compared with patients bene-
fited from immune checkpoint therapy (Figure 5d).

Based on the significant variables in the multivariable ana-
lysis, we developed a nomogram to predict OS with sTIMs, PD-
L1, and FIGO stage (Figure 5e). The area under the receiver
operating characteristic curve (AUC) of 0.727 for predicting
3-year survival and 0.771 for 5-year survival were better than
FIGO stage alone (AUC of 0.648 for 3-year survival and 0.619
for 5-year survival) in Discovery set (Figure 5f and 5g). These
findings were also confirmed in Validation set (Supplementary
Figure 8 ¢, 8d). Conclusively, high infiltration of sTIMs could
be associated with less sensitive to ICB therapy, and in combi-
nation with FIGO stage and PD-L1 could be a reliable prog-
nostic model in HGSOC.

Discussion

While immunotherapy is proven to be a promising treatment
strategy for certain indications, the response rate is relatively
limited in HGSOC and the variability in effectiveness is not
completely clarified. Better understanding of TME composi-
tion is viewed as a worth exploring method to promote the
benefit of immunotherapy of cancer and personalized

treatment.>® In our study, we identified the predictive value
of sTIMs in prognosis and ICB response and explored the
potential effect on TME.

Mast cells express various receptors, such as c-Kit
(CD117), Toll-like receptors, IgE receptor, cytokine recep-
tor, and chemokine receptors and interact with other cells
by releasing mediators and/or direct contact."”
Accumulation of mast cells in normal or pathological tis-
sues depends on recruitment of mast cells and/or prolifera-
tion of tissue-resident mast cells and mast cells progenitors.
Previous studies showed that TIMs can be recruited by
tumor-derived stem cell factor (SCF), vascular endothelial
growth factor (VEGF), angiopoietin 1 (Angl), plasminogen
activator inhibitor-1 (PAI-1), and chemokines (CCL2,
CXCL1, CXCL8, CXCL10, and CXCL12) according to dif-
ferent tumor types.M"37 However, there is no sufficient
evidence pointing out that tumor cells could directly con-
tribute to the proliferation of tissue-resident mast cells and
mast cells progenitors.

Currently, several researches have shed light on the role of
TIMs in modulating TME. TLR2-activated mast cells were
able to hinder tumor growth via IL-6 mediated recruitment of
NK and T cells,”> while TIMs can also participate in the
process of immune evasion via directly suppressing T cells
and NK cells, promoting the expansion of Treg cells and
myeloid-derived suppressor cells, and releasing a variety of
immunomodulatory mediators (IL-10, TGF-p, histamine, and
adenosine).>***™%° In gastric cancer, tumor-derived TNF-a
could induce mast cell expression of PD-L1 to suppress
T cell immunity.*! Our results are in line with this.
Compared with peripheral mast cells, TIMs expressed more
TGEF-P and PD-L1. Another key finding of our study lies in
that we dissected the potential mechanism of how TIMs
interact with other immune cells. TIMs could promote
macrophage proliferation and M2 polarization via TGF-f-
TGF-BR axis and CSFI-CSFIR axis. In addition to PD-L1-
PD-1 interaction, TIMs might suppress T cell immune by
CLEC2B/C- KLRBI axis.*” Cell-cell contact results also sug-
gested that TIMs could recruit Treg cells through CCL4-
CCR5 axis.”’ These observations further support the idea
that TIMs possess functional plasticity and exert pro- or anti-
tumor effect on different types of malignancy; however, in
HGSOC, TIMs tended to exhibit immunosuppressive and
pro-tumor phenotype.

Besides mast cells, our previous study also found that
tumor-associated neutrophils (TANs), recruited by CXCLS,
linked to immune evasion microenvironment and unfavorable
survival.** Likely, mast cells can release CXCL8 and be
recruited and activated by CXCL8.>***® Our ITHC and flow
cytometry results also confirmed the association between
sTIMs and TANs. Like TANs with a functional bias in N1
and N2 phenotypes, our study suggested that sTIMs have
a unique phenotype and might be a potential subset of TIMs.

In addition to remodeling TME, mast cells may also reg-
ulate the therapy efficacy of tumors. In inflammatory breast
cancer, TIMs were significantly correlated with poor
response to neoadjuvant chemotherapy.*” In pancreatic can-
cer, TIMs contributed to drug resistance of gemcitabine
(GEM)/nabpaclitaxel (NAB) by activating the TGEF-p
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group, n = 51). PD-L1 positive rate was higher in low sTIMs group. Figures at each box indicated the number of corresponding patients. P-value (pearson'’s chi-square
test). Pos., positive; Neg., negative. b Comparison of mRNA expression of PD-L1 between HGSOC with high(n = 62) and low(n = 254) TIMs in TCGA set. TPM, transcripts
per million. P-value (student’s t test). c Proportion of immune effector molecules (GZMB, and IFN-y) in CD8* T cells of 23 HGSOC organoids (low sTIMs, n = 11; high sTIMs,
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signaling.*® Recent research revealed that targeting mast cells
could improve anti-PD-1 treatment, suggesting the critical
role of TIMs in anti-PD-1 resistance.'® In our study, the
fraction of PD-L1" cells and expression of immune check-
point molecule (PD-1 and Tim-3) were expanding in sTIMs-

low group. Furthermore, after being treated with anti-PD-1,
organoids from sTIMs-low patients showed significantly
increased proportions of GZMB" CD8 T cells and IFN-y*
CD8 T cells. This finding suggested that anti-PD-1 therapy
tends to reinvigorate the dysfunctional CD8" T cells in
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sTIMs-low patients. Thus, sTIMs enrichment could contri-
bute to PD-1 blockade resistance and serves as a novel bio-
marker for ICB therapy even for combined blockade in
HGSOC.

Existing prognostic models for patients with HGSOC are
mainly based on FIGO staging system and identified gene
signature expression.”’>" However, patients with the same
FIGO stage might have quite different clinical outcome and
calculating score of gene signature is less convenient in clinical
work. In this study, we identified sTIMs as an independent
predictive marker for overall survival in HGSOC. Previous
study revealed that PD-L1 level can also be an independent
prognostic factor for HGSOC, which was validated in our
result.”” Therefore, a novel prognostic scoring model based
on FIGO stage, sTIMs, and PD-L1 was developed, which pro-
vides more accurate prediction than only using FIGO stage and
could stratify patients suitable for ICB therapy simultaneously.

There were also several limitations worth noting in our study.
First, the cohort size in this retrospective study is relatively small.
Second, the mechanism of mast cells exhibiting immunosup-
pressive and promoting-tumor phenotype in HGSOC remains
to be further explored. Third, further researches are needed to
clarify the mechanism that how mast cells influence immu-
notherapy in HGSOC. Fourth, large size and multi-center stu-
dies about HGSOC are required to further validate the role of
mast cells in predicting response to ICB therapy.

To conclude, we reported that sTIMs were associated with
dismal prognosis while iTIMs failed to be a prognosticator in
HGSOC. Enrichment of sTIMs linked to immunosuppressive
tumor microenvironment and impaired anti-tumor immune.
The study not only provides a high-resolution depiction of
characterization of TIMs, but also highlights the cross-talk
between TIMs and immune cells may contribute to shaping
the TME of HGSOC. Surprisingly, our findings suggested that
sTIMs could serve as a novel biomarker for ICB therapy. Apart
from these, the nomogram, combining FIGO stage, sTIMs, and
PD-L1, possessed increased accuracy than conventional staging
system. These findings might promote personalized treatment
and accurate prognosis prediction for patients with HGSOC.
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