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Abstract

Background High grade serous ovarian cancer (HGSOC) is the most lethal gynecologic malignancy in which
patients have still yet to respond meaningfully to clinically available immunotherapies. Hence, novel immune targets
are urgently needed. Our past work has identified that mast cells are significantly upregulated at the mRNA level in
HGSOC patient tumors following neoadjuvant chemotherapy (NACT) exposure. Therefore, in this current investigation
we sought to characterize intratumoral mast cell phenotypic changes as a result of NACT exposure and determine
how these adaptations are associated with patient clinical outcomes.

Methods Hematologic immunohistochemistry was employed to determine mast cell levels in 36 matched

pre- and post-NACT HGSOC patient tumors. Fluorescent Immunohistochemistry was utilized to identify
Tryptase+(carboxypeptidase A3 (CPA3) +mast cells as well as histamine levels in 29 and 20, respectively, matched
pre- and post-NACT HGSOC patient tumors. Finally, human immortalized mast cells, LUVA were stimulated with
carboplatin and paclitaxel and genomic changes were analyzed by quantitative PCR.

Results Hematologic labeled intratumoral mast cells were significantly upregulated in the intraepithelial and stromal
regions of the tumor, post-NACT. Lower levels of pre-NACT mast cells were significantly associated with an improved
progression-free survival (PFS). Histamine, a marker of mast cell degranulation was similarly upregulated in post-NACT
exposed tumors. Through the characterization of mast cell specific proteases Tryptase and CPA3, it was found that
Tryptase+/ CPA3 + mast cells were significantly upregulated both in the intraepithelial and stromal compartments of
the tumor, while Tryptase + cells were significantly upregulated in the stromal regions of the tumor. Lower post-NACT
treated levels with Tryptase+/ CPA3 + cells were significantly associated with improved overall survival (OS) and PFS
while higher Tryptase + mast cells were associated with improved OS. Finally, following chemotherapy exposure mast
cell activating factors AREG and CCL2 were significantly upregulated while TGFBT, an inhibitor of mast cell activation
was downregulated in LUVA cells.
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Conclusions Enhanced mast cell numbers, as well as activation and degranulation are a consequence of NACT
exposure. Post-NACT mast cells displayed differing associations with survival outcomes that was dependent upon
granule classification. Ultimately, mast cells represent a clinically relevant putative HGSOC immune target.

Keywords Mast cells, High grade serous ovarian cancer, Neoadjuvant chemotherapy

Introduction

High grade serous ovarian cancer (HGSOC) possesses
the highest mortality rate of all gynecologic malignancies
due to the fact that patients are frequently diagnosed at
an advanced stage and develop chemo-resistant disease
within 18 months following frontline therapy [1]. While
the past decade has led to the incorporation of both
angiogenic and poly-ADP-ribose polymerase (PARP)
inhibitors as standard of care maintenance therapies,
with the exception of patients that are defined homolo-
gous recombination deficient, HGSOC as a whole has
only seen a slight improvement in progression-free sur-
vival (PFS). Moreover, while immunotherapies such as
programmed cell death protein 1 (PD-1) have revolu-
tionized clinical care in cancer subtypes such as mela-
noma and non-small cell lung cancer, PD-1 based
inhibitors have only shown modest response rates at
best in HGSOC [2]. Nevertheless, HGSOC is consid-
ered an immune responsive cancer as it has been exten-
sively documented that intratumoral T cells are related
to improved survival outcomes [3, 4]. Therefore, the
muted response that HGSOC exhibits to clinically avail-
able immunotherapies has been attributed to the immu-
nosuppressive nature of the ovarian tumor immune
microenvironment (OTIME). However, despite the fact
that the OTIME retains cytotoxic lymphocytes it is also
composed of a high degree of T regulatory cells (Tregs),
cancer associated fibroblasts (CAFs), and adipose tis-
sue that all directly influence tumor immune evasion
[2]. In an effort to better understand the unique nature
of the OTIME and identify novel immune targets, our
past analysis sought to evaluate genomic and immune
cell changes in HGSOC patient tumors following neo-
adjuvant chemotherapy (NACT) exposure [5]. Interest-
ingly, this study revealed that mast cells were significantly
upregulated in post-NACT HGSOC patient tumors com-
pared to matched pre-NACT treated diagnostic biopsy
specimens [5].

Canonically, mast cells are involved in innate allergic
responses like anaphylaxis and originally derived from
CD34+bone marrow myeloid precursor cells that then
migrate to peripheral tissues where they differentiate and
mature under the instruction of tissue specific cytokines
and chemokines [6]. As tissue-resident immune cells,
mast cells have the unique ability to interact with the sur-
rounding tissue microenvironment and can be located
near blood vessels [6]. In addition, mast cells are charac-
terized as having a diverse set of secretory granules such

as histamines, cytokines, heparin, lysosomal enzymes,
and notable proteases, tryptase and chymase. Unlike in
anaphylaxis, where mast cells degranulate rapidly, within
the context of cancer this process can occur in a gradual
manner which in turn can have profound impacts on the
local tumor immune microenvironment [7]. Interestingly,
despite the potential mast cells possess to modulate the
tumor immune microenvironment, this class of immune
cells are dramatically understudied within the oncology
field, as well as HGSOC specifically. Therefore, in this
current investigation we sought to begin to characterize
phenotypic mast cells changes in response to HGSOC
NACT in order to begin to understand this immune cell
subset’s role in HGSOC.

Methods

Cell culture

Immortalized human mast cell line (LUVA) was pur-
chased from Applied Biological Materials (ABM).
Cells were maintained in StemPro-34 SFM (Thermo-
Fisher Scientific, 10639011) supplemented with 2mM
of L-glutamine, 10,000 U/ml of Penicillin-Streptomycin,
and 50 mg of Primocin (InvivoGen, ant-pm-05). Cells
were maintained in a 37 °C/5% CO2 humidified cham-
ber. LUVA cells were treated with 100 um of carbopla-
tin (Santa Cruz Biotechnology, CAS 4157.5-94-4) and
10nM of paclitaxel (NIH Developmental Therapeu-
tics Drug Cancer panel), with DMSO (Sigma Aldrich,
D54879) used as a corresponding control. All treatments
were for 48-hours. Cell viability analysis was performed
to ensure that the chemotherapy treatment did not lead
to a significant decrease in LUVA cell viability (Supple-
mentary Fig. 1). Viability was assessed after the 48-hour
timepoint with the addition of 10ul/well of CellTiter 96°
Aqueous One Solution cell proliferation MTS assay (Pro-
mega, G35800). Subsequently, cells incubated for 1 h at
37 °C/5%CO, and read at 492 nm to assess viability.

Patient samples

A total of 36 and 29 matched HGSOC pre-and post-
NACT formalin-fixed, paraffin-embedded (FFPE) patient
tumors were included in this retrospective study, for the
hematologic mast cell stain, and Tryptase/Carboxypepti-
dase A3 (CPA3) staining, respectively. Histamine staining
was performed in 20 patients from the original 36 patient
cohort used for the hematologic mast cell stain. By defi-
nition of HGSOC, all patients included in this analysis
had grade 3 disease. Pre-NACT specimens were from
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Table 1 Patient clinical outcomes hemotoxic mast cell stain
N (% of total 36 patients)

Stage

A 1 (3%)
1B 5(14%)
i@ 25 (69%)
% 5(14%)
Recurred

Yes 32 (89%)
No 4(11%)
Overall Survival Status

Living 11 (30%)
Deceased 23 (64%)

1(3%)
1 (3%)
Median [Range]

Lost to Follow up
Deceased not from HGSOC

Age at Diagnosis 63 [46-79]
PFS (months) 16 [6-51]
OS (months) 40 [12-83]

Table 2 Patient clinical outcomes tryptase and CPA3
immunostaining

N (% of total 29 patients)

Stage

A 1 (3%)

1B 2 (7%)

e 20 (69%)

Y 6 (21%)

Recurred

Yes 27 (93%)

No 2 (7%)

Overall Survival Status

Living 6 (20%)

Deceased 23 (80%)
Median [Range]

Age at Diagnosis 63 [46-79]

PFS (months) 15.5[8-51]

OS (months) 37 [12-83]

the patient’s diagnostic biopsy and post-NACT treatment
tumors were obtained at the patient’s interval debulking
surgery. Pre-NACT tumors were obtained via diagnostic
laparoscopy or exploratory laparotomy, as appropriate for
the clinical scenario and individual surgeon discretion.
All patients received frontline carboplatin and paclitaxel
therapy. All tissue was obtained, and respective experi-
ments managed under The Women and Infants Hospital
Review Board protocol approval #1817644-11. Detailed
patient clinical outcomes for the hematologic-based mast
cell stain and Tryptase/CPA3 stain, are shown in Tables 1
and 2, respectively.

Immunohistochemistry
A commercially available combined eosinophil-mast cell
hematologic staining kit (ab150665) was used to evaluate
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mast cell levels in 36 matched pre- and post-NACT FFPE
HGSOC tumors. Staining was performed following the
manufacturer’s protocol, without the optional step of
counterstaining in Hematoxylin (Modified Mayer’s solu-
tion). In this kit mast cells were defined as bright blue,

eosinophils were defined as bright red, and nuclei stained
a dull blue.

Fluorescent immunohistochemistry
Fluorescent Immunohistochemistry to evaluate hista-
mine levels and Tryptase+/CPA3+cells in 29 matched
pre- and post-NACT FFPE HGSOC tumors was per-
formed as previously described in [5, 8]. Primary and sec-
ondary antibodies along with respective dilutions were as
follows:

Tryptase (Abcam, ab2378, 1:50).

CPA3 (Abcam, ab251685, 1:50).

Histamine (Novus Biologicals, NBP2-45266, 1:50).

Anti-Rabbit DyLight™488 (Vector Laboratories,
DI-1488, 1:1,000).
Anti-Mouse DyLight™594 (Vector Laboratories,

DI-2594, 1:1,000).

Microscopy

The mast cell hematologic staining was visualized and
imaged using an Evos M5000 Fluorescence imaging sys-
tem using a 20x objective. Histamine and corresponding
DAPI images were acquired with a spinning disk confocal
Nikon Eclipse Ti microscope at a 10x objective. Finally,
Tryptase, CPA3, and corresponding DAPI images were
obtained from a Zeiss Axio Imager M1 and were acquired
using diode lasers 402, 488, and 561 using a 20x objective.
Representative images for Tryptase+/CPA3+mast cells
were taken at a 40x objective.

Image analysis

Ten randomly selected fields were captured for each slide
for the hematologic based stain. Mast cells that were
bright blue were counted and Women and Infants Hos-
pital staff pathologists were consulted if any mast cells
were in question. For histamine intensity and Tryptase+/
CPA3+mast cell counts, three and ten randomly selected
fields per case were selected based on DAPI staining,
respectively. All images were processed using Image ]J.
For histamine intensity, image analysis was performed
on grayscale 8-bit images and were thresholded for spe-
cific staining, with mean and integrated optical density
(IOD) calculated. For Tryptase+/CPA3+mast cells, the
total number of positive tryptase, CPA3, and Tryptase+/
CPA3+cells were counted per field. Examples of images
of matched HGSOC patient pre- and post-NACT tissue
used to quantify Tryptase+/CPA3+-cells can be seen in
Supplementary Figs. 2—4.
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Quantitative PCR
RNA isolation and subsequent quantitative PCR was
performed as previously described [5]. Validated human
primers were purchased from Bio-Rad (AREG, CCL2,
TGEFf1, VEGFA, TNF, IL-2, CCL7, IL-10, TGFf32). Cus-
tom primer sequences (Invitrogen) are as follows:

18s IRNA-F-CCGCGGTTCTATTTTGTTGG.

18s IRNA-R-GGCGCTCCCTCTTAATCATG.

Statistical analysis

GraphPad Prism was employed for all statistical analy-
ses. Student-t-tests were performed to determine differ-
ences in pre- and post-chemotherapy exposed HGSOC
patient tissue and LUVA cells. Kaplan-Meier survival
curve analysis was performed to assess hematologic mast
cell counts and Tryptase and Tryptase/CPA3 positive
mast cells with PFS and OS with log-rank p-values, haz-
ard ratios and 95% confidence intervals determined. All
p-values reported were 2-tailed and unadjusted.

Results

Intraepithelial and stromal mast cells are increased
following NACT exposure

We performed a commercially available hematologic-
based immunohistochemical assay in matched pre- and
post- NACT treated tumors in order to validate our find-
ings from our previous study [5] that demonstrated an
increase in mast cells post-NACT at the mRNA level.
Representative images of mast cells both pre- and post-
NACT HGSOC patient tissue can be seen in Fig. 1A.
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Corroborating our previous study, we previously found a
significant (p=0.0098) increase in average positive mast
cells per field post-NACT (Fig. 1B) In addition, it was
also found that both intraepithelial and stromal mast
cells were significantly (p<0.05) increased post-NACT
exposure (Fig. 1C). Overall, this immunohistochemical
analysis allowed for us to determine that mast cells are
located post-NACT exposure both in the stromal and
intraepithelial compartments of the tumor, which dif-
fers greatly from T- cells subsets which are well known
to be predominantly located in the stromal regions of
the tumor [9]. Interestingly, this analysis showed that
unlike T cell subsets, mast cells appear to make it into the
intraepithelial compartments of the tumor, which implies
that they have the potential to directly impact surround-
ing tumor cells. Upon the examination of mast cell levels
and their association with patient clinical outcomes we
observed no significant relationships with progression-
free survival (PES) or overall survival (OS) upon strati-
fication by upper and lower quartile post-NACT mast
cells counts (Supplementary Figs. 5-6). In addition, we
identified that patients with lower levels of pre-NACT
total (HR=2.544[1.013-6.388], log-rank p-value=0.006)
and intraepithelial (HR=3.278[1.226-8.765], log-rank
p-value=0.018) mast cells experienced a significantly lon-
ger PES (Fig. 2A-B). However no significant associations
between total or intraepithelial pre-NACT mast cells and
OS were detected (Fig. 2C-D). The association between
stromal pre-NACT mast cells and survival outcomes
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Fig. 1 Intratumoral stromal and intraepithelial mast cells are upregulated following chemotherapy exposure. (A) Representative images of hematologic
mast cell staining in 36 matched pre- and post-NACT HGSOC patient tumors. Mast cells were depicted by a bright blue stain, while eosinophils were
stained bright red and nuclei of cells a dull blue. Average number of positive (B) total and (C) intraepithelial and stromal mast cells pre- and post-NACT.
Statistically significant differences determined by Student T-test. NACT, neoadjuvant chemotherapy, *p < 0.05, as indicated
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Fig. 2 Patient survival outcomes associated with pre-treatment hematologic mast cell levels. Kaplan-Meier curve analysis of pre-treatment (A) total (B)
intraepithelial mast cells association with progression free survival stratified by lower and upper quartile. Kaplan-Meier curve analysis of pre-treatment (C)
total and (D) intraepithelial mast cells association with overall survival stratified by lower and upper quartile. HR and associated log-rank p-values were

reported. HR, hazard ratio

could not be determined as too few positive mast cells
were observed (Supplementary File 1).

Intratumoral histamine levels are increased post-
NACT exposure

Next, we sought to uncover how mast cell degranulation
was affected. In order to investigate this phenomenon,
we examined intratumoral levels of a common mast cell
granule, histamine, in matched pre- and post- NACT
treated tumors (Fig. 3A). Despite exhibiting a relatively
dim intratumoral stain, it was found that histamine
expression was significantly upregulated following NACT
both when examined by mean intensity (p=0.0478) and
IOD (p=0.0032) (Fig. 3B-C). Overall, these findings sug-
gest that in addition to a significant increase in mast cells
following chemotherapy exposure, mast cell degranula-
tion is similarly enhanced.

Fluorescent immunohistochemistry analysis of tryptase
and CPA3 mast cells

Next, due to the fact that our previous hematologic-based
mast cell stain did not allow for the assessment of gran-
ule composition, matched HGSOC pre- and post- NACT
were stained using mast cell specific protease markers
Tryptase and CPA3, in order to specifically evaluate if
mast cells based on granule content were similarly upreg-
ulated following NACT exposure. Interestingly, it was
found that there was a strikingly significant (p=0.0003)

upregulation of Tryptase+/CPA3+mast cells post-
NACT (Fig. 4A-B). Furthermore, we evaluated changes
in Tryptase+/CPA3+mast cells based on intratumoral
localization and found that Tryptase+/CPA3+mast cells
were significantly (p<0.05) increased following NACT
exposure both in the intraepithelial (Fig. 5A) and stro-
mal (Fig. 5B) regions of the tumor. The vast majority of
CPA3+cells were also Tryptase+, with a minute amount
of single CPA3+cells (Supplementary File 1). Hence,
changes in CPA3+mast cells pre- and post- NACT were
not evaluated. Upon examining changes in total and
stromal Tryptase+, both were found to be significantly
(p<0.05) upregulated post-NACT exposure (Fig. 5C-D),
while intraepithelial Tryptase+ cells were not (p=0.0576),
but similarly exhibited higher levels post-NACT (Fig. 5E).
Overall, these results validated our previous hematologic
stain that intratumoral mast cells are indeed increased
following chemotherapy exposure in both the stromal
and intraepithelial compartments.

Furthermore, Kaplan-Meier survival curve analysis
was performed, which revealed that total levels of Trypt-
ase+/CPA3+mast cells post-NACT stratified by median
levels showed lower levels associated with improved
OS (HR=2.23[0.8994-5.547], log-rank p-value=0.043,
Fig. 6A). However no significant association was detected
upon stratification by intraepithelial and stromal Trypt-
ase+CPA3+mast cells (Fig. 6B-C) and upon stratification
of upper and lower quartile (Supplementary Fig. 7). To
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assess mast cell counts with PFS we stratified patients by
a lower-than-average HGSOC patient PES of 12 months
or less or an average PFS of over 12 months. Similar to
what was observed from our Kaplan-Meier survival
curve analysis, it was found that patients with a PFS of
12 month or under had a significantly higher mean total
Tryptase+CPA3+mast cells compared to those with a
PES of over 12 months (12.64 positive cells per field ver-
sus 6.39 positive cells per field, p=0.025, Fig. 7A). While
the same trend was observed with higher mean levels of
both intraepithelial and stromal Tryptase+CPA3+mast
cells in the 12 month or under PFS cohort, no statis-
tically significant differences were detected (Fig. 7B-
C). Interestingly, upon analysis of Tryptase+cells it
was found that higher levels of total Tryptase+mast
cells post-NACT were significantly associated with OS
(HR=0.3630[0.1175-1.121], log-rank p-value=0.0370)
upon stratification of upper and lower quartile level

(Fig. 8). However, a significant association of total Trypt-
ase+mast cells post-NACT and OS, was not detected
upon stratification by median levels, or with PFS (Supple-
mentary Figs. 8—10). Taken together, these results suggest
that double positive Tryptase+/CPA3+mast cells hold
differing prognostic significance in HGSOC than Trypt-
ase+mast cells, highlighting the clinical implications of
classifying mast cells by one versus two proteases.

HGSOC standard of care chemotherapy promotes mast cell
activation

Finally, to complement our immunohistochemistry anal-
ysis we employed the human mast cell line, LUVA to
determine how common mast cell derived factors change
following treatment with standard of care HGSOC che-
motherapies, carboplatin and paclitaxel. Interestingly,
we saw a significant (p=0.0017) over 7-fold increase of
amphiregulin (AREG), a low affinity EGFR ligand and
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known mast cell activation factor [10] after exposure
to chemotherapy (Fig. 9A). Similarly, a 7.5-fold signifi-
cant (p=0.015) increase was observed in CCL2, which
is known to be produced by mast cells upon IgE stimu-
lation [11], was upregulated upon chemotherapy treat-
ment (Fig. 9B) and TGFBI, a known inhibitor of mast
cell activation [12] was significantly decreased (0.48-fold,
p=0.022) post-chemotherapy treatment (Fig. 9C). Inter-
estingly, despite the known effect that mast cells promote
angiogenesis, we saw a significant decrease in VEGFA
levels (0.66-fold, p=0.0071) (Fig. 9D). Furthermore, we
observed a 1.76-fold increase in TNF which is associ-
ated with mast cell degranulation [13] following chemo-
therapy treatment, however this increase did not reach
statistical significance (Fig. 9E). Finally, we observed no
significant differences in other mast cell derived factors
IL-2, CCL7, IL-10, and TGFB2 (Fig. 9F-1).

Discussion

To the best of our knowledge, this current study is the
first to not only establish that intratumoral mast cells are
significantly upregulated in HGSOC following NACT,
but that these mast cells exhibit unique phenotypic
changes that are associated with activation, differentia-
tion, and degranulation. There has been one functional
study by Meyer et al. that utilized an in vivo murine ovar-
ian cancer model to compare ID8 tumor cell growth in
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C57/BL6 WT and C57/BL6/ 6-Kit W-sh/W-sh mast cell
deficient mice, and observed that the mast cell deficient
mice exhibited a significant increase in ovarian tumor
growth compared to their wild-type counterpart [14].
While the study does suggest that mast cells play a role
in suppressing ovarian tumor growth, given the fact that
these mice were devoid of all mast cells, this investigation
cannot account for how specific mast cell phenotypes
impact ovarian pathogenesis. Corroborating this find-
ing that mast cells are beneficial for combating ovarian
tumor growth, a translational study by the group Chan
et al. found that higher levels of mast cell infiltration in
advanced ovarian cancer patients that simultaneously
had tumors with high levels of mean vessel density exhib-
ited improved survival outcomes [15]. In contrast to this
investigation, Cao et al. determined that stromal infil-
trating mast cells were associated with poorer survival
outcomes in HGSOC and significantly correlated with
higher levels of intratumoral Tregs, M2 macrophages,
and neutrophils, indicating a more immunosuppressive
tumor immune microenvironment [16]. Interestingly, in
both these studies, tryptase was employed to solely iden-
tify mast cells and yet led to differential associations with
ovarian cancer patient survival. Supporting the discor-
dance of these previous findings, this current study found
that mast cells stained by a hemotoxic based assay and
not granules, saw no significant association with survival

TGFp1 D VEGFA E TNF
* § 1.5 . § 2.0 ns
9w a0
2.9 22X 5]
g 9 1.0 £ 2
Wy w5
S8 S & 104
s s
g £ 0.54 EE
S 2 5 0.5
g2 &2
= i
[
14 0.0- & 0.0-
Control Chemo Control Chemo Control Chemo
LUVA LUVA LUVA
I
IL-10 TGFB2
ns S 4
.g ns
S
- 3
35
°
S 8 24
&=
EE
§2
©
@
4 0-

Control Chemo

LUVA LUVA
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CCL7, (H) IL-10, and (I) TGFB2 mRNA levels in LUVA cells stimulated with 100 um of carboplatin and 10 nm of paclitaxel for 48h and analyzed via qPCR.
Error bars represent standard deviation of > 3 biological replicates. Statistically significant differences determined by Student T-test. NACT, neoadjuvant
chemotherapy, HGSOC, high grade serous ovarian cancer, *p <0.05, ** p < 0.005, as indicated, ns, non-significant



McAdams et al. Journal of Ovarian Research (2024) 17:192

outcomes when examining post-NACT levels, but that
higher pre-NACT levels of mast cells were associated
with shortened PFS. Conversely, our study also found
that post-NACT levels of Tryptase+CPA3+mast cells
were associated with worse PFS and OS, while higher lev-
els of Tryptase+cells exhibited an improved OS survival
benefit. Overall, the discrepancy in these findings high-
light the complexity of defining mast cells, as there are
clear differing prognostic implications depending upon
which granules are used to classify this cell subset. How-
ever, our findings clearly establish that a consequence
of NACT exposure leads to the upregulation of intra-
tumoral mast cells in HGSOC, underscoring that they
could potentially be leveraged as a novel immune target.

Interestingly, previous research has shown that mast
cell secretory granules are associated with cancer pro-
gression. Liu et al. found that histamine, a major mast
cell secretory granule induces ovarian tumor cell pro-
liferation through the upregulation of o and 3 estrogen
receptors [17]. In addition, in an in vivo skin cancer
model it was demonstrated that mast cell specific prote-
ases chymase and tryptase levels increased at all stages of
tumor development, in contrast to the number of mast
cells which remained constant [18]. Furthermore, it was
shown that tryptase has the ability to drive angiogenesis,
as it was found to induce proliferation and migration of
human umbilical cord vein endothelial cells (HUVECsS)
which was achieved through modulation of the JAK-
STAT pathway [19]. Conversely, there is far less known
about CPA3 in cancer pathogenesis. Unlike the serine
proteases tryptase and chymase, CPA3 is characterized
as a zinc-containing metalloproteinase that exhibits exo-
peptidase activity [20]. Moreover, it has been proposed
that CPA3 could plausibly be utilized as a marker of mast
cell differentiation as CPA3 levels are markedly increased
upon maturation [21-24]. To the best of our knowledge,
this current study was the first to examine intratumoral
Tryptase+CPA3+mast cells in HGSOC, however, a
recent study published by Atiakshin et al. reported the
involvement of Tryptase+CPA3+ mast cells in the forma-
tion of ovarian endometrioid cysts [25]. Moreover, one in
vivo study discovered that the combination of mast cell
chymase, tryptase and CPA3 was necessary in order to
halt melanoma dissemination into the lung [26]. Overall,
more investigations are crucial in order to elucidate the
function and prognostic significance of this specific mast
cell subset in cancer, and HGSOC specifically.

Despite the dual role that mast cells possess in terms
of promoting and combating tumorigenesis, it has been
proposed in recent years that mast cells play a key role
in immunotherapy resistance as they contribute to an
immunosuppressive tumor immune microenvironment
[27]. A bioinformatic analysis by Li et al. found that
mast cell levels correlated with PD-1 immunotherapy
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resistance in melanoma [28]. Furthermore, the group
utilized an in vivo mouse model that discovered that
treatment with cromolyn sodium, a mast cell stabilizer,
increased PD-1 treatment efficacy [28]. A study by Soma-
sundaram et al. corroborated these findings, postulat-
ing that mast cells could contribute to PD-1 therapeutic
resistance in a melanoma model, which was explained
by lower levels of HLA class I and co-localization of
mast cells and Tregs [29]. As HGSOC patients have yet
to respond meaningfully to clinically available immuno-
therapies, it is plausible that the high degree of intratu-
moral mast cells that we have identified in patient tumors
post-NACT could potentially be one immunosuppressive
factor that is compromising immunotherapeutic efficacy,
as both in the frontline and recurrent setting an immu-
notherapy regimen would be given after standard of care
chemotherapy.

In addition to immunotherapy, a study in pancreatic
cancer demonstrated that mast cells reduce anti-angio-
genic efficacy [30]. Specifically, it was found that mast
cells secretion of granzyme B leads to the downstream
release of angiogenic factors fibroblast growth factor 1
(FGF-1) and granulocyte-macrophage colony stimulat-
ing factor (GM-CSF) from the extracellular matrix [30].
Moreover, it was found that treatment with an anti-VEGF
therapy reduced tumor volume more substantially when
mast cells were deemed granzyme B deficient. However,
when mice were treated with cromolyn sodium, a syner-
gistic effect with the VEGF inhibitor was observed (30).
This finding is of particular clinical relevance to HGSOC
as bevacizumab is FDA approved to be used in both
first and second treatment lines [31]. Despite this FDA
approval, bevacizumab effect on PFS dissipates after 2
years and contributes to no improvement of OS ovarian
cancer rates [32]. Alike to clinically investigated immuno-
therapies, bevacizumab is frequently given in the main-
tenance setting with or following chemotherapy. Hence,
the high degree of mast cell activation, degranulation,
and differentiation that we observe intratumorally, may
contribute to an increase in angiogenesis that if targeted
could potentially improve bevacizumab response rates in
HGSOC.

One of the major limitations of this study was the small
sample size of matched pre- and post-NACT HGSOC
patient tissue used for the hemotoxic based mast cell
stain and Tryptase/CPA3 stain. Therefore, an expanded
cohort is necessary to determine how mast cells classified
by differing granule contents post-NACT are associated
with HGSOC patient survival outcomes. Furthermore,
it will be imperative to determine how mast cells corre-
late with other immune cells subsets in HGSOC patient
tissue both pre- and post-NACT. In addition, while our
preclinical data revealed that human immortalized
mast cells treated with chemotherapy leads to genomic
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changes associated with mast cell activation, future stud-
ies in vivo are necessary in order to determine how the
increase in mast cells and phenotypic changes impacts
HGSOC chemotherapy response, as well as determin-
ing how factors associated with mast cell activation syn-
drome, prostaglandins and leukotrienes are impacted
post-NACT. Finally, as mast cells are known to be pres-
ent within the peritoneum specifically in regions known
as “milky spots” that classified as permeable regions that
permit contact of lymphatic tissue and peritoneal fluid
[33], it will be important to examine mast cell levels in
the ascites of HGSOC patients and associated pheno-
typic changes both pre-and post-NACT exposure.

Conclusion

This study strongly suggests that intratumoral mast cells
are increased as a consequence of chemotherapy expo-
sure, along with enhanced levels of activation, differentia-
tion, and degranulation. Furthermore, this investigation
highlights the importance of defining how intratumoral
mast cells are characterized, as we observed differing
associations with survival depending upon specific mast
cell granule content. Overall, this study underscores the
importance of this understudied immune cell subset in
HGSOC and lays the foundation for future research to
elucidate if targeting mast cells can improve HGSOC
immunotherapy response and patient clinical outcomes.
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