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Abstract

Ovarian cancer (OVCA) is the most lethal gynecological cancer wittyeabsurvival
rate less than 50%. Despite new therapeutic strategies, such as targeted therapies and immune
checkpoint blockers (ICBs), tumor recurrence and drug resistance remainb&egles in
achieving long term therapeutic success. Therefore, there is an urgent need to understand the
cellular and molecular mechanisms of immune dysregulation in chemoresistant ovarian cancer in
order to harness the hos tcérsurvivam Barly @agnegssahde m t o
residual disease are key determinants of favorable survival in OVCA; however, CA125 which is
the conventional marker is not reliable and has modest diagnostic accuracy. There is therefore an
urgent need to discover religbbiomarkers to optimize individualized treatment and diagnostic
recommendations. Plasma gelsolin (pG&Nactin binding protein) is the secreted isoform of
the gelsolin (GSN) gene implicated in inflammatory disorders, colon cancer and prostate cancer.
Increased expression of total GSN is associated with poor survival of patients with gynecological
cancers. As to whether this is due to pGSN is yet to be investigated. Increased expression of
pGSNis significantlyassociated with the downegulation ofimmure cell markers; however, the
exact mechanism has not been exploiédaind how pGSN is involved in the cellular and
molecular mechanisms of OVCAemainsto be determined. lour currentresearchwe have
demonstrated that pGSN is involved in the regulasbmmmune cells, early diagnosis, tumor
recurrence and chemoresistance in OYGging standaré vitro techniques and human clinical
samples (North America, Asia and public datasets).

We have shown that pGSN is highly expressed and secreted in chemoresistant OVCA
cells than their chemosensitive counterparts. pGSN, secreted and transported via exosomes,

upr egul aitmediatedHIGEN dXpression in chemoresistant OVCA cells in an imetocr



manner as well as conferred cisplatin resistance in otherwise chemosensitive OVCA cells. pGSN
also induced th®©VCA expression othe antioxidantand tumor growth promoteglutathione
(GSH), by activating Nuclear factor erythroid -Pelated factor 2(NRF2), a response that
attenuatedisplatin(CDDP)-induced apoptosis. lInumantumortissues, increased pGSN mRNA
and protein expressions were significantly associated with advanced tumor stage, suboptimal
residual disease, tumor recurrence, chemoresistantel poor sur vi val regar
ethnic background and histologic subtypéscreased tfiltration of CD8+ T cells was
significantly associated with favorable patient suryivedwever,increased pGSN hindered the
survival impact of these infilted CD8+ T cells. Further investigation revealed that pGSN
induced CD8+ T cell death via caspé&se acti vati on, an action that
levels. Increased epithelial pGSN expression was significantly associated witedsdngval
benefts of infiltrated M1 macrophages, through casp&sependent apoptosis as well as
reduced product i onTheochinicall dgfithtiora of dirculathr® SGSN as a
bi omar ker for early detect i on redpecitivepoaulatingnt s o6 s
pPpGSN presented as a favorable and independent biomarker for early disease detection and
residual disease prediction compared with CA125. The test accuracy of pGSN was significantly
enhanced when combined with CA125 in multianalyte index assay.

The findings suggest that pGSN is a potential target for chemorési3t4DA and
presents as a diagnostic marker for early stage disease and surgical outcomes, interventions that

couldmaximize the therapeutic success of immunotherapies.
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CHAPTER 17 INTRODUCTION

1 Ovarian Cancer

1.1 Epidemiology and etiology of ovariancancer
Ovarian cancer (OVCA) comprises of tuone that originate from the ovaries

endometiumand fallopian tubes. It is estimated that over 200,000 women worldwide are
diagnosed with OVCA yearly, of which 152,000 die from the disedsethe United States of
America, 22,000 new cases were diagnosed in 2016 wittQ4ases of dedth In Canada,
3,000 new cases were diagnosed with 1,900 recorded He@éspite advances in diagnosis and
treatment in the last 30 years, thgedar survival rate of OVCA patients in the US and Canada is
considerably lower (45 47%) compared with that of breast cancer (85%4pVCA, based on
their origin are categorized into epithelial, swd stromal, germ cell and napecific
mesenchymal tumws. Epithelial tumars are the mst commonly diagnosed OVCA which
account for nearly 895% of all case¥. These tumars are derived from surface epithelial
tissues The nonepithelial tumes account for approximately 5% of all OVCA and are derived
from germ cells and sex cemfromal cells differentiating from the interstitin8-5% of all
OVCA are made up of germ cell tuors which originate from germ cells or extraembryonic
tissues. Interestingly, the histology of OVCA is dependent on age fadtar example, women
aged 20 years or below stand a higher risk of malignant germ celutsimiereas malignant
epithelial tumarrs are mostly found in women 50 years and above.

OVCA prevalence increases with increase in age with the median age ranging ffrom 55
64 year$>®. The incidence rate of OVCA per 100,000 persons is higher in whites ard non
Hispanics compared i Asians and Blacks. This phenomenon is same for the mortality rate

although Asians have the lowest compared with other races or ethnic’groups
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Non-specific Recurrence and
symptoms chemoresistance

Late diagnosis

Fig. 1.1 Schematic diagram of obstacles to epithelial ovarian cancer treatment succe@ser
two (2) decades now, theygar survival rate of ovarian cancer patients is still less than 50%.

This is primarily due to late diagnosimn-specific symptoms, recurrence and chemoresistance.



Table 1.1Risk factors for EOCs

Increased Decreased Indeterminate
Hereditary Reproductive Fertility drugs
AFamily history of Aviultiparity

ovarian cancer
APersonal history of

breast cancer
Aalteration in BRCA1/2
ALynch syndrome

Reproductive
A Advanced age
A Nulligravida
A Infertility

Hormonal

AEarly age at menarche

ALate age at natural
menopause

AHormone replacement
therapy

AEstrogen

AAndrogens

Inflammatory
APerineal talc exposure
AEndometriosis
APelvic inflammatory
disease

Lifestyle
AObesity

Geography
AExtremes in latitude

ABreastfeeding

Hormonal
£Oral contraceptives
AProgestrins

Surgery
AHysterectomy
ATubal ligation

Exercise

Cigarette smoking

Cited and modifiedfrom Hidetaka KatabuchiFrontiers

Springer.

in Ovarian Cancer Scienc017,



In approximately 60% of all cases, the cancer would have metastasized to other orbarirsites

15% of all patients, the cancer is confined to the ovary or primary site although in 19% and 6%
of all cases, the cancer would have spread to regional lymph nodes or reméaggedirisot

enough information to indicate a stage) respectivelyrhis is as a result of nespecific
symptoms presented by the disease which are difficult to detect at an early stage hence, most
cancer metastasize by the time patients are diaghbgeig. 1.1). Symptoms may present as
unexplained fatigue, increased abdominal size and pain, eating disorders, bowel inconsistencies
as well asurinary disorderS. The five year survival rate for patients with localized, regional,
distant and unstaged diseases are 92.1%, 73.1%, 28.8% and 24.2% respecliely, the

more localized the tumum, the more likely the survival of the patient will be prolonged.

1.2 Risk factors of ovarian cancer

The risk factors for OVCA are multactorial. These include genetic, biological and
environmental factord (Table 11). These factors could have a decreased, increased or
intermediary effect on the development of OVCA. Factors that increase the risk airtumo
development include hereditary [breast carstesceptibility gene (BRCA) 1/2 mutation, history
of breast cancer, familial OVCA], hormonal (Increased levels of estrogen and androgen, early
age at menarche, hormonal replacement therapy, late age at menarche), lifestyle (increased
cholesterol intake, olséy), inflammatory (endometriosis and pelvic inflammatory disease),
reproductive (advanced age and infertility), geographic locations (extremes in latitude) and
increased exposure to carcinogens (talc and asb@sfosHysterectomy, breastfeeding,

multiparity, intake of oral contraceptives and tubal ligations contribute to the reduction of OVCA



risk'®™ Intake of fertility drugs and cigarette smoking moderately affect the risk of OVCA

developmerif**

1.2.1 High-risk genetic alterations in ovarian cancer
A family history of the disease presents as a strong risk to developing OVCA
suggesting the presence of a hereditary compoiiéhtsn all OVCA cases reported, genetic
inheritance accounts for approximately 26896. Although more than 20 turnp suppressor and
oncogenes are imphted in hereditary OVCA, mutations of the BRCA1/2 genes account for 65

i 75% of all cas€é'®

1.2.2 BRCA1/2 mutations

BRCAL and 2 genes are tumasuppressor genes located on chromosomes 17 and
13 respectively and are involved in the repair of doslbianded DNA damages and the
regulation of cell cycle checkpoirtfs”. There are mutations that are specific to various ethnic
populations. 187delAG and 5385insC mutations in BRCA1 and 617delT mutations in BRCA2
are predominantly found in the Ashkenazi Jewish population whereas the L@BRIBAX
mutations in BRCA1 are mostly found in the Japanese populdiomenwho inherit a BRCA1
mutation (72%) and BRCA2 mutatior(69%) will develop breast cancer by the age of 80. By
contrast, it is 44% of women who inherit a BRCA1 mutation and about df7women who
inherit a BRCA2 mutation will developvarian cancer by the age of 83°.

BRCA1/2 mutations in OVCA are mostly associated with high grade serous
carcinoma, although other histologic subtypes such as clear cell and endometrioid carcinomas

have been reportetb have BRCAL/2 related mutatidhé®. In rare cases, the mucinous



histologic subtypes mighalso contain BRCA1/2 mutatioffs® However, borderline epithelial
and norepithelial OVCAs are not significantly associated with BRCA1/2 mutafibr@VCA
patients with higher BRCA1/2 mutational loads [BRCA1, HR = 0.78 (95% CI,i0@G89), P <
0.001 and BRCA2, HR = 0.61 (95% CI, 0:8(066), P < 0.001] have prolonged survival
compared with RCA1/2 mutatiomegative patients with BRCA2 mutations, having the best
survival impact’. The prolonged survival impact of BRCA mutation carriers is as a result of
increased sensitivity to platinubased cytotoxic chemotherapy compared with -camier
patient8®. This is due to the inability of turncs with BRCA mutations to repair doukdéranded
DNA breaks caused by platindbased cytotoxic drugs; a process that is fully functional in the
noncarrier patienf€?. The homologous recombination repair deficiency makes BRCA1
mutation carriers more sensitive ppoly (ADP-ribose) polymerase (PARP) inhibitors and other

DNA-damaging chemotherapeutic agéhts

1.2.3 Mismatch repair genes

Other than BRCA1/2 mutations, germline mutations of mismatch repair genes
[Lynch syndromehuman mutL homolog (MLH}), MLH3, mutS homolog (MSH2, MSH6 and
postmeiotic segregation increased (PMS2)] are also involveaeiaditary OVCA’. Lynch
syndrome increases the risk of OVCA by 24% and accounts for approximatéb?d @f all
hereditary OVCA"*2 Mutation of the mismatch repair (MMR) genes results in the formation of
microsatellite instability (MSI) which could be accumulated in both oncogenes andirtumo
suppressor genes, a condition that drives ovdtiarorigenesi&. Lynch syndrome are mostly
associated with endometrioid and clear cell carcinoma with better prognosis since most tumors

are diagnosed with low grade and at an early 3tage
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ngh grade

Fig. 1.2 Histologic subtypes of epithelial ovarian cancer (EOC)EOCs are categorized based

on their histologic subtypes. There are serous (low grade and high grade), endometrioid,

mucinous and clear cell histologic subtypes of EOCs.



Table 1.2 Genetic alterations in epithelial ovarian cancer

Gene Copy Copy OVCA Histologic
mutation number number loss Type representation
amplification
High-grade TP53, CCNEL1, PTEN, RB1, Typell Solid growth with slitlike spaces
serous (HGS) BRCA1/2 MYC, NF1 abnormal cell nuclei and hyper
MECOM proliferation of the cells.
Clear cell ARID1A, MYC, SMARCA4, Type l Hyaline bodies, densely hyaline
carcinoma PIK3CA ZNF217, RB1, SMAD4 basement membrane and multi
(CCQ) ERBB2, complex papillae.
STATS3,
HNF1B,
PPM1D
Endometrioid CTNNB1, Low grade- Glandular formations
carcinoma PIK3CA, Type |
(EC) KRAS, High grade-
PTEN Type I
Mucinous KRAS, ERBB2 Type | Atypia, stratification, papillae,
carcinoma TP53, loss of glandular architecture,
(MC) BRAF, necrosis. Loss of mucin staininy
RNF43, in the cytoplasm.
CDKN2A
Low-grade KRAS, CDKN2A/2B, Type | Low mitotic activity, papillary
serous (LGS) BRAF miR-34a structures and relatively uniforn
and small nuclei in the tumor
cells.

TP53 Tumaur protein p53CCNEZ Cyclin E1,MYC, Myelocytomatosis oncogenglECOM
MDS1 and EVI1 complex locu®B2, Retinoblastoma INF1; Neurofiboromin 1ARID1A AT-
rich interactive domakntontaining protein 1AZNF217 Zinc finger protein 217STAT3 Signal
transducer and activator of transcriptioHBJF1B; Hepatocyte nuclear factorldeta,PPM1D;
Protein Phosphatase Mg2+/Mn2+ Dependent3MARCA4SWI/SNF related matrix
associated actin dependent regulator of chromatin subfamily A memBBtAD4 Mothers
against decapentaplegic homolodrF43 Ring finger protein 43CDKN2A/2B Cyclin

dependent kinase inhibitor 2A/2B



1.2.4 Homologous recombination deficiency (HRDYelated genes

HRD-related proteins interact with BRCAL1/2 to repair dowgilanded DNA
damages as well as maintain genomic staBiligxamples of these proteins include Checkpoint
kinase 2 (CHEK2), radiation repair gene 51 paralog C (RAD51C), radiation repair gene 51
paralog D (RAD51D), meiotic recombination 11 (Mrell), BRCA1/2, ataxia telangiectasia
mutated (ATM), partner and latzer of BRCA2 (PALB2) radiation repair gene 5(RAD50),
Nijmegen breakage syndrome 1 (NBS1) aB&CAl-interacting protein 1 BRIP1)"*%.
Alterations of these genes could be detected in approximately half of all high grade serous
OVCAs and increases the risk of OV&A’ OVCA patients with mutations in HREzlated
proteins have improved survival rates due to their increased sensitivity to chemotherapeutic

agents, responses similar to that of BRCA1/2 mutation c&i&rs

1.3 Epithelial ovarian cancer (EOC)

Epithelial OVCAs comprise of approximately 95% of all OVCA caSe&sing
molecular, morphological and genetic profiling, EOC is classified into five (5) histologic
subtypeqFig. 1.2; Table 1.2): high grade serous (704%), low grade serous (10%), clear cell
(10-26%), endometrioid (10%) and mucinous3®) carcinomds’. EOCs are categorized into
two main types based on clinical, morphological and molecular pathogenesis: type {°and II
Type | EOCs are genetically stable, share lineages with benignrgmexiand borderline
malignant tumars, slow growing tumars that are detected mostly at early stages and include
low grade serous, low grade endometrioid, mucinous and clear cells carcihdmasw grade
serous carcinomas (LGSC8)raf murine sarcoma viral oncogene homolBRAF), Kirsten rat

sarcoma viral oncogene homolog (KRAS) aadjthroblastic oncogene BZERBB2) are



predominantly altered whereas low grade endometdardinomas (ECs) harbour mutations in
phosphatase and tensin homolggTEN), phosphatidylinositet, 5bisphosphate -Rinase
catalytic subunit alpha (PIK3CA) arwtenin (cadherimssociated protein) beta CTNNBLY*.

Clear cell carcinomas (CCCs) harbour PIK3@¢tivating mutations while most of the mutations

in mucinous carcinomas (MCs) are related to KRAS. The Type | carcinomas rarely contain TP
53 mutation¥’.

In contrast, the type Il are very invasive, fast growing, detected at advanced stages,
genetically unstable compared with the type | and do not have defined preturfhese
include, high grade serous, high grade endometrioid, casarammas and undifferentiated
carcinoma¥. The Type Il EOCs especially high graderous carcinomas (HGSC) are
characterized by mutations in TP53 and BRCA1/2 wumsmppressor gengs TP53 mutations
are detected in about 90% of all Type Il carcinoma cases andsarsighificantly associated

with chromosomal instabiliy.

1.3.1 High grade serous carcinomas (HGSC)

HGSC accounts for approximately-7@% of all EOCs and is the most fatal of all
subtyes’. HGSC are very invasivand are predominantly diagnosed in advanced stages where
the tumar would have metastasized to distant organs with or without &stife®st of the
HGSC cases are detected in posnopausal women with few cases identified in- pre
menopausal woméh Histologically, HGSCs are characterized by solid growth withlikbt
spaces, abnormal cell nuclend hypeiproliferation of cell§". TP53 is frequently mutated in
more than 95% of HGSCs cases wiBRCAl1 mutations and chromosomal instability

representing 3@5% and 100%, respectivéfif. Although other tumar suppressor genes and
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oncogenes such as RB1, BRIP1, RAD51, PALB2, CDK12 and NF1 are also mutated in HGSCs,
their mutation frequencies are consideredfdt% Genetic alterations in PT53 and BRCA1/2
result in the deficiency of the homologous DNA damage repaisggtem leading to
chromosomal instability and copy number chadg&s* CCNE, MYC and MECOM are each
amplified in 20% of all HGSCs although MYC is the most frequesthplified”** (Table 1.2).

Until 2001, HGSC was considered to solely originate from the ovatidiace epithelial
(OSEf°*® There is however, increasing evidence to demonstrate that the secretory cells of the
mucosa of fallopian tubes significantly contribute to the pathogenesis of {&SSmall non
invasive lesions in the oviductal fimbrial mucosa of BRCA1 mutation carriers share similar
characteristics with serous carcinofffa3he lesions developed in the oviductal fimbrial mucosa
are termed as serous tubal intraepithelial carcinomas (STf€gJells releaseftom the STICs
during ovulation are deposited on tnarian surface epitheliuf©SE) and form the precursors
for the development of serous ovarian carcindfids Genetic screening and mutational
profiling have indicated that approximately 60% of all HGS@sderived from STICE*?

Since STICs are ndbund in 100% of all HGSCs, it suggestive that other alternative
mechanisms are involv&t The importation of fimbrial epithelium fragments into the ovarian
stroma, a process called endosalpingiosis is considered as a likely source due to the dktection
benign tubatype epithelium cysts in the ovarian stréfhas to whether and hothis ectopic
tubal epithelium wagmported remain to be determined. Also, it is yet to be determined if these
ectopic tubalepithelia undergo neoplastic transformations. However, there are increasing
evidence that ectopic OSked cysts in the ovarian stroma could undergo neoplastic

transformation and become positive f@aired box gene 8@AX8), oviductspecific glycoprotein
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1, cilia and epithelial cell adhesion molecule (Epcam) as well asxgeess calretinin and

PAX8>%>1

1.3.2 Low grade serous carcinoma (LGSC)

LGSCs are Type | EOCs which are not frequently diagnosed as HGSCsarkhey
slow growing and rarely diagnosed at early stage with poor overall survival. LGSCs are mostly
chemoresistant when diagnosed at advanced stages and typically express the transcription factor
PAX8°%°% LGSCs account for about-8% of all EOCs and are derived via a stepwise
transformation from benign serous cystadenomas tausdvsorderline tumors (SBTS), serous
tumaurs of low malignant potential (LMP serous tums) and then to LGSES LGSCs are
genetically stable and histologically characterized by low mitotic activity, papillary structures
and relatively uniform and small nuclei in the tumaells>> There are frequent mutatis of
KRAS (19%), BRAF (38%) and ERBB2 but not TP53 and BRCA1/Phe activating mutations
of KRAS (codon 12 or less frequently codon 13) or BRAF (codons 599 and 600) result in hyper
activation and théransmission of growth signals via the rat sarcoma (RAS)/ rapidly accelerated
fiborosarcoma (RAF)/ mitogeactivated protein kinase kinase (MEK)/ extracelkdmmnal
regulated kinase (ERK)/ mitogeactivated protein kinase (MAPK) signalling cascade leatbng
neoplastic transformation and tumorigen¥si§ Interestingly, mutations in LGSCs are mutually
exclusive; tumars with KRAS mutations do not have mutations in BRAF and vice Yetsa

(Table 1.2).
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1.3.3 Endometrioid carcinomas (ECs)

ECs are derived from the malignant transformation of ovarian endometriosis or
endometriotic cysts and account for 10% of all EE&f¢sAlthough patients diagnosed at an early
stage have better survival, those diagnosed at advanced stages haveypaprsivival
outcome8*’. Increasing evidence suggest endometriosis as a significant risk factor for
developing EC¥*° Endometriosis is caused by retrograde menstruation where epithelial and
stromal cells from thendometrium are transported from the uterus via the oviduct to the ovary,
leading to the formation of an endometriotic &sThe ironrich cystic fluid causes oxidative
stress and hypoxia leading to DNA damage and the accumulation of mutations, a phenomenon
that serves as a driving force for oem endometrioid cancérs? Histologically, ovarian ECs
are characterized by glandular formatitnicreased risk of ECs is significantly associated with
Lynch syndrome, microsatellite instability and mutations in the following genes: PTEN (16%),
KRAS (30%), ARID1A (30%), PIK3CA (40%) and protein phosphatase 2 scaffold subunit A
alpha (PPP2R1A) (16%%) Unlike ARID1A and PIK3CAthat are mutated in both ECs and clear
cell carcinomas (CCCs), CTNNB1 is predominantly mutated in ECs but rare in other
subtype&® Endometriotic lesions may occur in various sites in the pelvis, however, those

resident on the ovaries are likely to progressarcinom&’ (Table 1.2).

1.34 Clear cell carcinomas (CCCs)

CCCs are the second most abundant OVCA cases after HGSCs and with a higher
frequency in Asian population compared with Caucasians as well as account for approximately
5-26% of all EOC®®® The cells of CCC have clear cytoplasms due to the upregulation of

hepatocyte nuckr factorl beta (HNF1 b ) whi ch regul at es t he gl
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metabolism; a process that leads to the accumulation of glycogen and the clear appearance in the
cell’®® CCCs are characterized by hyaline bodies, densely hyaline basement membrane and
multiple complex papilla€®® CCCs patients in advanced stages have the worst prognosis
compaed with other EOCs of similar stages due to chemoresistance andrtrenorrencé™.

Like ECs, CCCs have a significant association with endomeffidSisAside endometriosis

being a causal factor of CCCs, there are significant evidence showing¢héstace of CCCs

with benign tumars known as adenofibrom/@s?® Molecular profiling has demonstrated that
CCCs are negative for BRCA1/2 mutations but positive for ARID1A and PIK3CA mut&fions

7> Alterations in PPP2R1A, KRAS, TP53 and PTEN have also bestified in CCCs but with

lower frequencies compared with E€S. Increased PIK3CA mutations lead to hypetivation

of the phosphoinositid& kinase(PI3K)/ protein kinase B (PKB; AKT)/ mammalian target of
rapamycin complex (mTOR) signalling cascade, resulting in malignant transforfii4tion

(Table 1.2).

1.35 Mucinous carcinomas (MCs)

MCs represent about2% of all EOC&>’". Most MC cases diagnosed are benign
with a few being borderline malignanci&&’. The overall prognosis of patients at all stages is
relatively good; however, patients with advanced stages have very poor overall survival
compared with advanced serous carcindfa&tudies have indicated that MCs are not primary
to the ovary but rather metastasized from the gastrointestinal (Gl) tract, endometrium and
endocervix®. However, differentiating li@een primary MCs from metastatic MCs is not clearly
demonstrated. Primary (ovarian) MCs are cytokeratin (CK) 7 positive whereas metastatic MCs

from colorectal adenocarcinoma sites are CK7 negative but CK20 pb5ifRegjardless of the
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tissue of origin, MCsexpress mucin genes such as MUC2, MUC3 and MUC17 as well as
intestinal differentiation markers such as cattglpe homeobox transcription factors CDX1 and
CDX2 and Lectin galactosiddinding soluble 4 (GALS4; an intestinal surface adhesion
moleculef®. Cells in MCs have palstaining of mucin in the cytoplasm which increasingly
depletes with tumar advancement. In MCs, there are mutations in KRAS, TP53 and ERBB2

although thalterations in KRAS and ERBB2 are mutually exclu$i¥#&(Table 1.2).

1.4 STAGES AND GRADES OF OVARIAN CANCER
1.4.1 Ovarian cancer staging

Staging describes the amount of tum@resent and how far it has spread in an
individual. This is done after surgical resection of the wm®umaur staging provides useful
information which is able to guide physicians
an intervention that couldugely impact the survival of patients. Ovarian cancer is primarily
staged using the guidelines provided by the International Federation of Gynecology and
Obstetrics (FIGO) using physical examination and clinical ¥&$tsThe FIGO system of staging
uses information regarding the size of the tumbow localized the tumwo is in the ovaries as
well asmetastasis to distant organs. OVCA could be classified under 4 main®$ta¢eable

1.3):

Stage 1:the tumarr is localized in one or two ovaries tiwbut any spread outside the ovaries.
These patients have the best prognosis of all stages witrearSurvival rate of 90%. Patients
diagnosed with stage 1 respond very well to treatment; however, only 15% of OVCA patients are

diagnosed at this stage.
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Stage 2:the tumarr is found in one or two ovaries and has extended to the pelvis. About 19% of
all cases are diagnosed with stage 2 and these patients hayeaa $urvival rate of 70%.

Patients generally have good prognosis compared with those with advanced stagdiseasee

Stage 3:the tumair is found in one or two ovaries, has spread beyond the pelvis to other parts of
the abdomen and lymph nodes. Stage 3 patients represent 60% of all cased diagnosed and have

poor survival with a B/ear survival rate of 39%.

Stage 4:this is the most advanced form of OVCA. This is when the turapreads beyond the
abdominal cavity to distant organs such as the lungs, skin, brain and liver. These patients have

the worst survival with a-year survival rate of 17%.

1.4.2 Ovarian cancergrading

Tumaur grading describes how healthy the cells in the wmase compared with the
cancerous cells. Unlike staging which is judged macroscopically, grading is defined under the
microscope as to whether a tumnds well or poorly differentiated, @ondition that could
determine how aggressive a cancer coufiHeThis could inform the physician as to whether a
cancer is likely to spread as well as guide treatment plan. drgmould be graded as follows:
GX: this is when the tumo cannot be evaluated or graded.
GB: tumours that have low malignant potential (LMP) as well as borderline are graded as GB.
G1: this is when a tum is well differentiated and with large proportion of healtbgking
cells.
G2: tumaurs graded as G2 have moderately differentiated cells witthé&althylooking cells.

G3 and G4: these turars are poorly differentiated with no healttopking cells present.
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Table 1.3 FIGO Stages of epithelial ovarian cancer

Stages

Stage | IA'T The cancer is confinec
to one ovary only.

Stage I IIA T Cancer extends to the
uterus or fallopian tube.

Stage llI IIA T Cancer cells are
detected in the upper
abdominal cavity or lymph
nodes.

Stage IV IVA T Cancer metatasized
to the lungs and found in
fluids around thdungs.

IB 1 The cancer is founih
the two ovaries.

IIB i Cancer extends to the
pelvis.

IlIB i Cancer in upper
abdominal cavity measures
less than 2 cm in size.

IVB i Cancer presentin
lung tissues and spleen.

IC T The cancer spreads
outside the ovaries.

[IIC i Cancer in upper
abdominal cavity measures
above 2 cm and also
present on the liver surface
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15 OVARIAN CANCER SCREENING AND DIAGNOSIS

Ovarian cancer screening is key to determining -higk patients as well as early
stage disease patients even before they exhibit symptéffextive screening ensures cost
effective treatment and management of patients leading to the improvement in the overall
survival of patients. Ovarian cancer screening is mostly tailored for postmenopausal women who
are mostly considered high riskUp-to-date, serum markearancer antigen 126CA125) and
transvaginal sonography (TVS) still present as the conventional strategies for screening the

general populatich

1.5.1 CA125
CA125, a high molecular weight transmembrane mucin (MUCL16), is the most widely

used tumar marker for EO&®® Serum CA125 was originally developed to monitor patients
who have already being diagnosed with ovarian cancer and is elevated in the serum of about 90%
of all patients with advanced E¥. Cancer cells upon stimulation by tummecross factor
(TNF) alpha and interferon (IFN) gamma release CA125 into the Hloatthough helpful,
CA125 alone is not recommended as a screening test in asymptomatic patientssdiogvttest
accuracy. CA125 has been shown to blevated in about 50 60% of stage | disease, ovarian
cysts, hepatic diseases, endometriosis, adenomyosis, renal dysfunction and uterine fibroids
suggesting that serum CA125 is not a reliable marker for screening ovarian®*tdndéwus,
multi-analyte panel of biomarkers instead of single biomarkers are recommended to ensure
effective screening of ovarian cancer patients. With the excepfiaiear cell carcinomas,
CA125 is elevated in all types of EOCS Instead of CA125, serurtissue factor pathway

inhibitor 2 (TFPI2) is the marker elevated in patients with cleslr carcinoma¥. With the low
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sensitivity of CA125 cmbined with the nosspecific symptoms exhibited by ovarian cancer
patient$**! novel markers with reliable test acacies are needed to improve patients

screening, treatment success and overall survival.

1.5.2 Transvaginal sonography (TVS)

TVS is an imaging modality that uses pattern recognition technique andagiey
ultrasound to detect and evaluate adnexal massveithhigh specificity and sensitivity>“ In
the first Kentucky study conducted in the year 2000, involving 14,469 asymptomatic subjects,
TVS achieved a sensitivity, specificity, positive predictive value (PPV) and negative predictive
value (NPV) of 81%, 98.9%, 94 and 99.97%, respectivéfy In 2007, a second Kentucky
study was conducted with 25,327 asymptomatic wofdie use of TVS annually recorded a
sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of
85%, 98.7%, 14% and 99.9%, respectiVehAlthough the use of TVS provides promising
results, its detection accuracy could be further enhanced when combined with other markers in a
two-stage strategy. This will be significantly helpful in asymptomatic women with normal

ovarian volume.

153 Combining CA125 with TVS in ovarian cancer screening

The sequential or concurrent use of CA125 and TVS in the screening of ovarian
cancer provides émnced diagnostic accuracy compared with individual matkef#is is
clinically beneficial in therapeutic success and impropeal t | sunvivak I a London study,
the combimtion of TVS and CA125 showed a specificity of 99.8% compared with CA125

combined with pelvic examination (specificity; 99%)n a second London study by Jacobs and
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colleagues, the median survival of postmenopausal women screened with the combination of
TVS and CA125 was 72.9 months compared with the control groups which were’41r8%
other trials organized in the US, Japan and UK, the combination of CA125 and TVS provided
enhanced test accuracy compared with the individual mark@uggesting that including more
novel markers to CA125 and TVS could further increase the sensitivity and specificity of

screening ovariamcancer patients.

1.6 TREATMENT STRATEGIES FOR OVARIAN CANCER

Ovarian cancer is the most lethal gynaecological cancer due to late diagnosis, tumo
recurrence and chemoresistaticEor the past decade, the/&ar survival rate has not been more
than 50% partly due to treatment A@sponsiveness™ The primary standard of care treatment
regimen for OVCA is surgical intervention to debulk the tuanp platinumtaxanebased
chemotherapeutic agents and then optimal follpastrategies™® Recently, there have been
treatment revolutions where other molecular targeted therapies and immunotherapies have shown

therapeutigpromise in the treatment of OVCA patietits

1.6.1 Surgical intervention
In the treatment of OVCA patients, surgical intervention is crucial to debulk the
tumaur and provide definite staging according to the International Federation of Gynecology and
Obstetrics guidelines, an intervention that is key for effective trealfi&htin early staged
OVCA, optimal stage laparotomy which includes total hysterectomy, bilateral salpingo

oophorectomy, peritoneal cytology, omentectomy, pelvichparéic lymph node dissection
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(biopsy) and abdominal cavity biopsies are needed to reveal occult advanced disease as well as
provide useful information for subsequent treatrfent?
In advanced staged OVCA, a maxingigbulking surgery is recommended to completely
remove any visible residual tissue or tum8. No residual tumar is significantly associated
with prolonged patient survivaf. Surgical debulking outcomes could be classified into three (3)
main categori¢§*%®
I.  Complete residual disease/surgery: No detectable residualutubyo macroscopic
examination.
II.  Optimal residual disease/surgery: maximum residual tmwith a diameter < 1 cm.
lll.  Suboptimal residual disease/surgeanaximum residualtumw wi t h a di amet er
In most cases, a primary debulking surgery (PDS) is neededmpletely remove all
tumaurs before other treatments are initidt#4'% In advanced stages, interval debulking
surgery(IDS) could be recommended if there is an extensive metastasis and complete resection
is almost impossibfd®*% IDS is caried out after chemotherapy to remove completely the
tumaur as a secondary procedtr8urgical debulking is therefore key to the overall survival of

the patients.

1.6.2 Frontline chemotherapy

1.6.2.1 Standard chemotherapy

The standard frontline chemotherapy is administered in two main forms: conventional
and doselense chemotherahyThe conventional treatment involveke administration of
paclitaxel followed by carboplatin on day 1 and then every 3 weeks for 6 cycle®(Tkbe

dosedense TC treatment involves the administration of paclitaxel via i.v for 1 h plus carboplatin
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(i.v) for 1 h'°® The dosalense treatment is administered for 6 cycles every 3 Wéeksa trial
(JGOG3016) comparing these two forms of treatments in advanced staged OVCA péagents, t
dosedense treatment was associated with significant progreBsiersurvival (PFS) and overall
survival (OS) compared with the conventional treatment reditheFhe setback was the higher
toxicity observed with the dos#ense treatment, a potential obstacle that will warrant the

discontinuation of such treatments.

1.6.2.2 Intraperitoneal chemotherapy

Intraperitoneal (IP) chemotherapy is recommendeddvanced stage diseases after
surgical debulking although there are associated risks involved such as abdominal pains,
infections and abdominal discomfotf®. Regardless of these complications, IP chemotherapy
has shown a significant survival advantage with less than 1 cm residual tissue as demonstrated in
the Gynecologic Oncology Group 172 (GOG172) ttfalOther randomized controlled trials
have also observesignificant survival advantages of IP chemotherapy especially in advanced
stages EOCS. Thus, IP chemotherapy remains promising regardless of the associated
complications. Efforts in reducing these complications will be favourable for patients with

advanced staged EOCs.

1.6.3 Targeted molecular therapy and tiemotherapy

Targeted molecular therapy is widely used in the treatment of cancer and has also
shown therapeutic promise in ovarian cafic€here are two types of targeted therapy that are
used in ovarian cancer: aangiogenic target agents and poly (ADBose) polymerase (PARP)

inhibitors. Vascular endothelial growth factor (VEGF) and its receptor (VEGFR) are involved in
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neovascularisation leading to tummgrogression and metastdsfs Upregulation of VEGF and
VEGFR is sgnificantly associated with ovarian cancer progression, poor patient survival and
development of ascit&s. Developing monoclonal antibody (bevacizumab; BEV) to block the
action of VEGF has shown therapeutic success in lung, breast, colon and ovarian cancers. In two
separate clinical stuels (GOG218 and ICON7), administering BEV together with TC therapy
provided a significant improvement in the PFS (GOG218; 3.8 months, ICON7; 1.7 months) of
the patients compared with the control grddp'? However, adverse siekffects were observed

in the patients treated with BEV such as gastrointestinal perforation, haemorrhage, proteinuria,
thromboembolismand hypertensidi®*'* Upon further investigation, it was shown that
gastrointestinal perforation was significantly associated with patients who had intestinal
obstruction or had been exposed to radiation at their abdomen/pelvic'tégibri is therefore
important to carefully select patients and scrutinize their treatment history before administering
BEV. Inhibiting the action of VEGFR withytosine kinase inhibitor (TKI; nintedanib) has also
shown therapeutic promise in the treatment of ovarian cancer in a phase Il clinicafstudy.

PARP is a DNA binding protein involved with the repair of dotdilanded DNA
damagé'®. Thus, inhibiting the function of PARP is key to killing tumaells and enhancing
patient survivaf®. Tumaurs with BRCA1/2 mutation are more susceptible to PARP inhibitors
compared with nowarrieré®**” In a randomized doublelinded clinical studies of
chemosensitive ovarian cancer patients, olaparib (the first PARP inhibitor to be developed)
treatment was associated wittolenged PFS compared with the placebo group (8.4 months vs.
4.8 months; 0.38% Upon further stratification, patients with BRCA1/2 mutation had a marked
improvement in PFS compared with the rzaarier group (11.2 months vs. 4.3 months; HR =

0.18)*°. Another PARP inhibitor, veliparib, has also demonstrated significant therapeutic
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success in recurrent EOCs and with acceptableedfdets®®. These suggest that the use of
PARPInhibitors in combination with chemotherapy is an effective treatment option for advanced

stage patients especially S®carrying BRCA1/2 mutations.

1.6.4 Immunotherapy of ovarian cancer

The standard treatment of ovarian cancer for the past two decade®rsgins
surgical debulking and cytotoxic chemotherapy (carboplatin plus paclftakisiyvever, the 5
year survival rate still remains below 588 This has resulted in the development of novel
therapies that harness the immune system to fight cancer. Examples of immunotherapies tested in
ovarian cancers include peptidlased vaccines (peptides from MUC1, p53,-Wand CA
125)**1%4 immune checkpoint blockers [anttytotoxic T-lymphocyteassociated protein 4
(CTLA-4; ipilimumab andtremelimumab) and anti programmed cell death protein 1/
programmed deatligand 1; (PD1/PEL1; nivolumab, pembrolizumab and atezolizum&b){®
and adoptive T cell theraffy. These treatments have achieved marginal therapeutic advantages

hence novel approaches are required to increase their treatment outcomes.

1.7 CHEMORESISTANCE IN OVARIAN CANCER

Although ovarian cancer patients initially respond to standard treatments, 55% of the
patients relapse in 2 years with over 70% recurring within 5 $2&ts or two decades, the 5
year survival rate for OVCA patients still fall below 50% despite tremendous efforts in
investigating the cellular and molecular basis of OV&AClIinically, progressiosiree interval
(PFI) is the most reliable indicator forstratifying patients in chemosensitive or

chemoresistaht® !
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Fig. 1.3 Contributing factors of epithelial ovarian cancer chemoresistanceChemoresistance

in EOCs is multifaceted. This could be contributed by genetic mutation of tumor suppressor
genes (p53), upregulation and activation of oncogenes (AKT), BRCA1/2 mutations, increased
metabolic activities (HKII), tumor microenvironment (immune cell suppoeysand over

expression of gelsolin.
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PFI is described as the interval between the completion of an initial treatment and the beginning
of another treatment regimen due to recurréficéd’ Chemoresistance is classified as PFI < 6
months, partially chemosensitivity is classified as PFI wifiinl2 months and chemosensitivity
classified as PFI over 12 montfs'** Depending on the study, chemoresponsiveness could be
defined as 6 < PPFHI G 61%3motnfitsh sellular ardd rolecular

basis of chemoresistance is attributed to the dysregulation -suprival (such as PI3K/Ak{}*

135 and preapoptotic (such as p53) signalling casc¢ad&®, epigenetic modificationsDNA
methylation and histone modification, protein ubiquitination and degradation, and microRNA
regulation}****!, metabolic activities [hexokinase Il (HKII), hypoxiaducible factor lalpha

( HI F ¥3%, increasedexpression of multidrug resistance putips®® and enhanced DNA

damage repait*?

(Fig. 1.3). Also, accumlating evidence has shown that the twmo
microenvironment regulates the sensitivity of OVCA cells to chemotherapy tredtfteéhiThe
key players in determining the fate of ovarian cancer cells in the TME include-apppiotic
and presurvival genes in the cancer cells ii) dysregulation of immune pelts increased
expression of chekpoint proteins(PDL1 and PDB1)], and iii) soluble factors and extracellular

vesicles that promote crosstalk between the OVCA cells and the neighbouring target cells. Such

mechanisms could act independently or mitependently to orchestrate their effect

1.7.1 Mechanism of cisplatin action and chemoresistance
Cisplatin fis-Pt (I1) (NH3),CL;; cis-diaminodichloroplatinum; (CDDP)] consists of a
central platinum ion bound to two amino groups (NH2) and two chloride ions (Cl) icighe
configuration(Fig. 1.4). Thecis configuration is critical for the antumaur functions of CDDP

since itstransisomer does not provide any biological effétts

26



1 Cl NH Cl
\Pt/ 3\Pt/
AN
NA,  NH, c1/ \NH3
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Fig. 1.4 Chemical structure of platinum. (A) Cisplatin and itstrans sterecisomer(B)

transplatin.
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CDDP crosses the cell me mb r a fiogizediy a rmativengiatee d |
CDDP upon entering the cell reacts with water, a reaction that leads to chloride ion loss and a
positively charged electrophile.

This enables the platinum atom hind to negatively charged molecules such as DNA
to form inter and intratrand DNA crosslinks between adjacent guaniié¥. Also, CDDP
agents are transported into cells via active (copper transporter, CTR1simegasnsport after
which they bind to the nuclear DNA forming intserand (most abundant ~70%) and irggand
crosslinks®®. These adducts result in DNA conformational changes as weithtabit DNA
unwinding and synthesis, processes that damage the DNA leading to the initiation of apoptotic
signalling or DNA damage repair mechanistsAtaxia telangiectasia mutated protein (ATM),
ataxia téangiectasia and Rad3elated protein (ATR) and their downstream effector checkpoint
kinases 1 and 2 (Chkl and Chk2) act as Cbhizldced DNA damage sensors that trigger the
activation of p53, leading to apoptosfs Aside DNA damage, CDDP treatment also inflict

deleterious damages to mitochondria, alters chemotherapeutic agent célaraport

mechanisms as well as decreases the expression of ATPase, ATPase copper transporting alpha

and beta (ATP7A and ATP7B). ATPase, ATP7A and ATP7B sequester and block CDDP from
interacting with the nuclear DNA*'®2 The initial response rate (RR) to platiniased
chemotherapies is about 70%; however, 70% of the patients relapse after8 y&afsimaur
recurrence could be due to genetic modification of wmuells to acquire a chemoresistant
staté®. The underlying mechanisms of OVCAarhoresistance could be grouped into 3 main
categories: mechanisms inhibiting the formation of lethal Bxigblatin adducf®, mechanisms
attenuating the initiation of apoptotic signalling after DNA damad& and mechanisms

involving antitumaur cells in theTME%17°,
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1.7.2 Multidrugresi st ance oOopdmps6é ( MDRs

MDRs are proteins that are involved in the efflux of chemotherapeutic agents from
cells, a mechanism that reduces drug concentration in its target cells as well as minimizes its
efficacy"*’. Examples of these proteins include ABiRding cassette stfamily B member
1 (ABCB1) or pglycoprotein, ABC subfamily C member 1 (ABCC1/MRP1l) and ABC
subfamily G member 2 (ABCG2$"'™ The downregulation of -glycoprotein by cisplatin
renders ovarian cancer cells sensitive cisplmituced apoptosi&. Overexpression of -p
glycoprotein in chemosensitive ovarian cancer aelfglered them resistant to cisplatwluced
deatft’”®> MRP1 shares 15% amino acid sequence witilypoproteirt’*!’® however, their
resistance profiles overl&3*"® Although MRP1 is resistant to anthracyclines and methotrexate
but not taxanes and CDDP -gpycoprotein and MRP2 on the other hand are resistant to taxanes
and cisplatih®’. Thus, the type of MDR expressed on OVCA cells could also determine the type
of chemotherapeutic drug the cell is resistant to. Although this information could help physicians
select the appropriate chemotherapeutic agent for OVCA patiealso iaddresses the point that
MDRs alone are not adequate to indicate chemoresistance. MRP1 is involved in the
transportation of glutathione (GSH) and glucoronate conjugates, a process that is key to phase I
metabolism and cellular detoxificatitdA*’® In addition to ovarian cancer, MRP1 has been
reported to be highly expressed in breast cancer, prostate canesmalbeell lung cancer and
haematological cancéfa'’*'® MRP1 expressions in these cancers are significantly associated
with poor therapeutic outcom@s Murine ovarian cancer cells when cultured with ascites
exhibited increased expression MRP1 and breast cancer related protein {BCRRis

attenuated the sensitivity of these cells to paclitindliced death. Taken together, these results
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suggest that the aberrant expression of multidrug resistant proteins plays a key role in human

ovarian cancer chemoresistance.

1.7.3 Drug Detoxification

Glutathione (GSH) is an important antioxidant that is involved in the detoxification of
chemotherapeutic drugs including CDBP®2 GSH binds covalently with CDDP to form GSH
CDDP complex via catalytic reaction with glutathie®é¢ransferase (GST) or neanzymatic
reaction$’® Upon complex formation with GSH, CDDP is refluxed from the cells by an-ATP
dependent transporter 6§ a mechanism that reduces the intracellular accumulation of
CDDP'""178183 |ncreased expression of GSH and/or GST render(s) ovarian cancer cells resistant
to CDDRinduced death; however, their cellular depletion makes ovarian cancer cells more
susceptible to CDP-induced deati?!®* Primary cells derived from ovarian cancer patients
treated with chemotherapy revealed increased expression of GSH, a phenomenon that was
significantly associated with multidrug resistatfceTaken together, &se findings suggest that
chemotherapeutic drug detoxification and efflux is a key determining factor of drug resistance in
ovarian cancer. The role of the tuananicroenvironment in the regulation of GSH and other
antioxidants is not well established. Fiblastderived GSH confers resistance in ovarian cancer
cells by reducing the intracellular accumulation of CDDP in the "€&lIFhis reduces the
cytotoxic effects of CDDP on the ovariamancer cells.GSH synthesis in OVCAand its
interaction with immune cells is less establishdd.to whether immune cells modulate the

expression of antioxidants in cancer cells remains to be investigated.
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1.7.4 DNA damage repair

DNA damage repair involvethe use of excision damage repair mechanisms that
replace damaged nucleotides with healthy nucledfideEnhanced DNA damage repair has
been reported to be associated with chemoresidtificEhis is as result of increased repair of
DNA damages inflicted by chemotherapeutic agents. There are five (5) types of DNA repair
mechanisms whichnclude base excision repair (BER; repairs single nucleotide damages),
nucleotide excision repair (NER; repair§ 30 bases of nucleotide damages), mismatch repair
(MMR; repairs mismatched nucleotides resulting from errors generated by DNA band
recombindéion) and homologous recombination (HR) and 4hemologous end joining (NHEJ)
for double strand break&.

In cancer cells, there are high replication rate and defective DNA repair mechanisms
which result in genomic instability, a mechanism that is frequently observed in high grade
serious ovarian cancéf. BRCA1 and 2 are key proteins involved in the DNA repair
mechanism. Mutations of BRCA1/2 are associated with approximately 10% dG&8l EOC
cases and 2.1% of all endometrioid EOC c&%é¥ Although defective repair mechanisms
promote oncogenesis due to the accumulation of mutations, they also render cancer cells
sensitive to chemotherapeutic agents which are the caBROGA1/2 mutations’. Increased
expression othuman apurinic/apyrimidinic endonuclease (APEA)key protein of the BER
complex, is associated with platinum resistance, pogiclroutcome and poor overall survival
in EOC patients,gastreoesophageal and pancreatlmbary cancers, making it a suitable
candidate for targeted therdpy Increased expression excision repair crossomplementing 1
(ERCC1) renders ovarian cancer cells resistant to chemotherapeutic agents; however, ERCC1

downregulation sensitized ovarian cancer cells to Ci¥dlced cytotoxicity”. Understanding
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the DNA damage repair mechanisms and their pathogenesis in ovarian cancer will enable the

development of novel tgets for effective and successful therapeutic outcomes.

1.7.5 Signalling cascades involved in ovarian cancer cell chemoresistance

Genes such aBP53 Akt/PI3K and gelsolin control cell cycle, proliferation, apoptosis
and surviva*t3®L192 Alterations in these genes could potentially result in cancer cell
aggressiveness and chemoresistance. Some of these gene products act in isolation or in
partnership with other proteins or RNAs to execute their influence. The ovarian cancer cell

develops smamechanisms to dysregulate these genes and to favour its survival.

1.7.5.1The PI3K/Akt signalling and chemoresistance

Phosphatidylinositol &inase (PI3K)/Akt pathway is an intracellular signalling
cascade that is mainly involved in the regulation of the malle thus, participating in cellular
quiescence, proliferation and carcinoger@€dig* This pathway is mostly activated in response
to growth factors and cytokines; PI3K phosphorylates and activates Akt which in turn leads to a
number of downstream effects such as inhibition of-p2ihd cAMRresponse element binding
protein (CREB)®. It also affects the localisation dbrkhead box O(FOXO)**"in the
cytoplasm and activation of mTOR®’ PI3K consists of two main subunits, namely the
regulatory (p85) and catalytic (p110) subutiftsAkt, also known as protein kinase B (PKB) is a
downstream protein target of PI3R As a serine/threonine protein kinase, Akt has three
i soforms (Akt/ AKT1/ PKBU, AKT2/ PKBb armdhalAKT3/ P
85922290201 Akt contains an Merminal PH domain which binds to PI3K, at&@minal rich in

serine and threonine that is phosphorylated for kinase activation, and a central kinase domain.
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Akt is phosphorylated by phosphoinositidependent kinase 1 (PRXK), integrated linked kinase
(ILK) and MAP kinaseassociated protein kina@e (MAPKAPK2)?%%?% put is negatively
regulated by SH2 domaitontaining inositol phosphatase (SHfP¥* and phosphatase and
tension homolog (PTENY"**®which are known tumour suppressor genes mostly mutated/down
regulated in cancers, including ovarian cancer. The PI3K/Akiadling pathway is critical in the
regulation of ovarian cancer cisplatin sensititity® Akt is overexpressed, activated and
functionally altered at the DNA or mRNA levels in primary ovarian cafiteBvarian canae
cells overexpressing a constitutively active Akt or amplified AKT2 are resistant to cisplatin
induced apoptosis compared to cells expressing low Akt fé¥eRI3K/Akt pathway interacts
with other proteins such as HKIX-linked inhibitor of apoptosis protei(XIAP), gelsolin and
p53 to regulate ovarian cancer chemosensititity*%? This implies that, the mechanism of
ovarian chemoresistance is multifactorial hence, atiolgproach should be considered in its

strategic management.

1.7.5.2 p53 and chemoresistance

p53, a tumour suppressor, i's considered
cell replication to initiate DNA repair upon sensing DNA dan3yelt also acts as a
transcription factor involved in the expression of genes responsible for cell cycle arrest

regulation and apoptos$i§1%2!

p53 activation and upregulation is associated with the
attenuation of cellular proliferation and induction of apoptosis depending on the severity of the
DNA damagé*?

Murine doubleminute2 ( MDM2) or ités human homol ogue (

targets it for proteasomal degradation, a process that regulates p53 content an&-ackivity
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Serine (Ser) and Threonine (Thr) sites in the MDM2 binding pockets of p53 are phosphorylated
following stres&. This attenuates MDMthediated p53 ubiquitination and proteasomal
degradation, a process that leads to p53 activation, stabilization arebulatiod™®. p53
mutation and downregulation have been recorded in a high percentagemai cancers
including ovarian canc&?. The activation of p53 is required to sensitize cancer cells to DNA
damaging chemotherapeutic agents such as CDDP. Thus, inactivation of p53 in ovarian cancer
cells results in the development of resistance to cisplatin tredfthep3 is activated in
response to cisplatimduced genetic insults by DNA damaging protein sensorsiaatax
telangiectasia mutated protein (ATM) and ataxia telangiectasia an@ Raated protein (ATR)

and also through serine phosphorylation (S15 and S20) by the G2 checkpoint kinase 1 (Chk1),
preventing its ubiquitination and proteasomal degradation whdeeasing its prapoptotic
propertie§™%".

P53 is involved in the upregulation of papoptotic proteins [Phorbdl2-myristatel3-
acetatenduced protein 1 (NOXA), p58pregulated mediator of apoptosis (PUMAJpoptotic
protease activating factdr (Apaf-1), Bcl2-associated X proteirBax) and Bcl2 antagonist of
cell death (Bad)] and death receptors (DR4, DR5 and Fas). Cisplatin also caudepgrient,
ltch-mediated Flicdike Inhibitory Protein (FLIP) degradation at the plasma memBrah&2*®
222 1n addition to the transcriptional action of p53, it is also involvedhitochondria dynamics
by interacting with prohibitin 1 resulting in metalloendopeptidase Gmediated processing of
optic atrophy 1 (OPA1) and CDBiRduced apoptosi&® p53 is accumulated in the mitochondria
upon CDDP treatment, an action that results in the release of second mitochondria derived
activator of caspases (Smac), cytochrome c (Cyt c), human high temperature requirement protein

A2 (HtrA2/0mi) and apoptosis in chemosensitive OVCA ¢&lldn response to cisplatin, p53
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binds to the voltagdependent anion channel (VDAC) of the mitochondrial outer membrane in
chemosensitive ovarian cancer cells to induce releas@r@ipoptotic factors such as
cytochrome c (cyt c), apoptosis inducing factor (AIF) and $hac

Protein phosphatase magnesidependent 1 D (PPMID) expression has been implicated in
many types of cancers including ovarian caffééf> Its expression is directly correlated with
poor prognosi€*??> PPM1D regulates p53 activation through ataxia telategéa mutated
(ATM), Chk1 and Chk%®?’ It also regulates p53 stabilizatithrough mouse double minute 2
homolog (MDM2§*3?142283nd MDMX [a.k.a MDM4 (Mouse double minutehbmolog]?2%#%°
As a potent oncogene, the primary function of PPM1D is to inhibit cell cycle checkpoints, DNA
repair and cellular apoptosis thus, leading to oncogenic transformation, cancer cell proliferation

and chemoresistanf?2>:22%

1.8 TUMO UR MICROENVIRONMENT AND CHEMORESISTANCE

The tumarr microenvironment (TME) modulates the responsiveness of cancer cells to
treatment, a process that could result in tummogression, chemoresistance and poor patient
survival®®1®71% The tumour microenvironment entails a plethora of interactive cells that
communicate with each other via eedlll contactor the soluble factors that modulate the
behaviour of the tumour@ig. 1.5). Although immune cells such as T cells, B cells, natural
killer (NK) cells and macrophages are programmed to kill cancer cells, theituartir

properties could be suppressedaeour tumarr growth and recurrent®-23%23!
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Fig. 1.5 Multifactorial roles of the tumour microenvironment on epithelial ovarian cancer
chemoresistance. Immunostimulatory nutrients, immunosuppressive metabolites, {ro
tumaurigenic cytokine milieu and intracellular signaling proteins regulate the behavior of OVCA
cells and T cellsd functions cont fumbuigenicng t o
tumaur infiltrating lymphocyteqTILS) deplete immunostimulatory nutrients meant to boost the
functions of T cells. Immunosuppressive metabolites are produced by the OVCA cells -and pro
tumorigenic TILs after consuming the nutrients which further promote T cell dysfunction. APC,
antigenpresenting cell; MDSC, myeloiderived suppressor cell; IL, interleukin; T reg,
regulatory T cell; PGE2, prostaglandin E2; TiGFansforming growth factebb Adapted from

Daniel .E. Speiseet al, 2016 and modified.
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Fig. 1.6 Schematic diagram ofcancer immunc-editing. There are three (3) phases of cancer
immuneediting: elimination phase, equilibrium phase and the escape phase. The elimination
phase is when the tumois overwhelmed with functional immune cells leading to tumzell

death. A sta of dormancy where turap expansion is controlled is achieved when the twmo

and immune cells reach a phase of dynamic equilibrium. The escape phase is whanoanti
immune responses are curtailed leading to twmexpansion.Diagram designed using

biorender
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1.8.1 Tumour infiltrated lymphocytes (TILS)

TILs are immune cells that home from the circulation and are presented in the tumour
stroma as well as parenchyma. They consist of the members from both innate (macrophages and
natural killer celly and adaptive (T and B cells) immune systefns Although the normal
physiological function of these immune cells shouldubedto recognize and kill tumour cells,
they are-engldaleley efivme to hel p ¥P&MB(Eig 160 ¢nvae | o p me
functional immune system, tumour antigens should be sampled by antigen presenting cells
(APCs) such as dendritic cell (DCs) and macrophages, after which they are processed and
presented to T cells tactivate cytotoxic T cells for eradication of the tumour cells. This is
known in the TME as thelimination phasé®’ (Fig. 1.6). The antigens could also be presented
to helper T cells to get activated for prdlammatory and immunstimulatory cytokines
secretion that potentiates immune response. Tumour cells in their quest to combat the immune
response may secrete inhibitory akines (TGFb , -10) land chemokine ligand 2 (CCL2) to
downregulate the cytotoxic functions of CD8+ T cells and CD4+ T helper cells. This counter
attack mounted by the tumour cells are in balance withtamiour attack hence, creating an

equilibrium phase®®’

(Fig. 1.6). Although most tumour cells wilbe killed by the effector T
cells, some of the antigens in the tumour cells are mutated hence acquire resistance to tumour
killing. This period of evading immune attack is referred to astvape phasgé’ (Fig. 1.6). At

this phase, the tumour becomes resistant, malignant, and metastasizes easily.

1.8.2 Tumour-associated macrophages (TAMS)
TAMs are phagocytic immune cells derived from monocytes that could either

stimulate anttumour function or promote tumour growth, depending on the local signal
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networks to which they are exposed. Circulating monocytes could be committed to either M1 or

M2 macrophages depending on the cytokine stimul&ffotupon lipopolysaccharide (LPS)

and/or interferon gamma (IFbl ) stimul ati on, monocytes coul d
macrophages that are responsible for Heytel IL-12 and 11-23 secretion but low levels for 1L

107* On the other hand, veh monocytes are stimulated by4l_they are differentiated into M2
macrophages, which secrete highel IL-10, TGFb  a n-4lbutllolxlevel IL-12°*% TAMs are

mostly M2 macrophage populations that secrete immunosuppressive cytokines to promote
tumour growth, invasion, anggenesis, metastasis and chemoresist&t¢é?*> The immune

suppressive role of TAMs has been reported in different types of cancers including ovarian
cancer, where increased TAM population is associated with poorer patient outcome, tumour

aggressiveness, and chemoresistafice

1.9 CROSSTALK MOLECULES IN THE TUMOUR MICROENVIRONMENT
AND CHEMORESISTANCE

Intercellular communication is a fundamental process not only in the tumour
microenvironment but also in the metastatic dissemination of tumour cells and chemoresistance.
Crosstalk between cancer cells and neighbouring cells could beateedihrough several
mechanisns’#*® namely(Fig. 1.5): (1) direct celcell contact, (2) cytokine/receptor interaction
and (3) vesiclemediated interaction. As to whether thasechanisms act independently or
dependently still remain a puzzle to be solved. Nevertheless, with the exception of the vesicle
mediated mechanism, they have been extensively studied especially in the tumour

microenvironment.
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1.9.1 Characteristics of extracelldar vesicles
A plethora of extracellular vesicles are released by tumour cells into the TME which

modulate neighbouring target cells to favour tumour growth, angiogenesis and
chemoresistané®?*° These tumour cell secreted vesicles are heterogeneousagnihclude
small extracellular vesicles (SEVs; mostly called exosomes), large extracellular vesicles (IEVs;
mostly called microvesicles/microparticles), and apoptotic bodies. Regardless of the fact that
these vesicles share some common features, thiey dyf their sizes, mechanism of formation,
characteristic structural and molecular features, and compositions (proteins, nucleic acids and
lipids, etc.F*"**® These distinctive features provide information about the cell of origin.
Amongst these vesicles, SEVs and #afe the most studied in the context of tumour growth and

chemoresistanég)141:240243

1.9.2 Small extracellular vesicles (Exosomes)

Exosomes are vesicles measuring fromi3@50 nm indiameter formed within
endosomes by membrane invagination leading to the formation of multivesicular bodies
(MVBs)?*#2* Upon fusion with the plasma membrane, the SEVs are reldasedthe
extracellular space. Proteins such as A2-{hteracting protein X 2 (Alix2), endosomal sorting
complex required for transport (ESCRT), tumour susceptibility gene 101 (Tsg101), CD63, heat
shock proteins(Hsps) and major histocompatibility complexXMHC class 1l) are highly
contained in exosomes hence, used as markers for detection after sedimenting at 100,000 g from

appropriate samples (culture media and biological flef¢&3® 24
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1.9.3 Large extracellular vesicles (Microparticles)

Microparticles are 150 1000 nm in diameter and formed by the outwalebbing of
plasma membrane mostly under stress condffarisEVs sediments at 20,000 g and is positive
for Annexin V and other ceBpecific surface markers?%2* |EVs, just like SEVs, shuttle
proteins, lipids and nucleic acids that are involved irulegg tumour proliferation, invasion

and chemoresistarféé?*

194 Cancer cellderived extracellular vesicles (EVs) and chemoresistance

EVs-mediated drug resistance is frequently classified into three mechanisms: (1)
Neutralization of antibodypased drugs, (2) export siall molecular drugs, and (8ansfer of
biologically active materials (proteins, lipids and miRNA55*°%*®. Exosomes released from
chemoresistant OVCA cells contain approximately 3 folds masplatin compared to the
exosomes from their sensitive counterparts, suggesting that cancer cells utilize exosome transport
system for drug expdft. It has also been demonstrated that cisplatiistant OVCA cells
release exosoes that contain biologically active miR-3p which targets the neuron navigator
3 gene (NAV3) in the chemosensitive cells, rendering them resistant to cisplatin tré&trirent
functional studies, miR1 was observed to be carried in exosomes released from cancer
associated adipocytes or cancer associated fibroblasts to ovarian cancer cells. These functional
exosomes suppressed paclitaxeluced apoptosis in OVCA thugh their direct interaction with
Apaf1**’. EVs derived from cisplatin resistant OVCA cells contain neat&MAD4 that confers
resistance of naive A2780 (cisplatiansitive) recipient cellgia endocytosiend is associated
with epithelial to mesenchymal transition (EM¥) The efficacy of most immunotherapy has

been compromised due to the ability of carberived exosomes to bind and inhibit therapeutic
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antibodies such as trastuzumab and rituxfffalCancerderived EVs have also been shown to
downregulate the cytotoxic functions of immune cells thus, enabling cancer cells to evade anti
tumour responsé&-?°?2 The underlying mechanism behind the transfer of EVs and selective
uptake by immune cells are still largely unknown. Understanding how canceledeid EVs

modulate immune cells to facilitatenbwur escape is key to developing novel cancer therapies.

1.10 GELSOLIN AND CHEMORESISTANCE

1.10.1 Gelsolin biology and function

Gelsolin (GSN), an 80 84 kDa protein, exists as both cytoplasmic (cGSN) and

secretory (pGSN) isoforrfi®"®* It also has other isoforms which are less characterized and
mainly expressed in the nervous system. Both isoforms are encoded bglea ggne on
chromosome 9 anderived fromalternative splicing and different transcriptional initiation sites
(Fig. 1.7)*>*%% All gelsolin isoforms bind, sever and cap actin filanféits> They differ by an
N-terminal 25amino acid signaling peptide and a cystinddwss disulfide borfd®#*> cGSN
has been implicated in cytoskeletal remodeling, cell growth and proliferation, cell motility and
apoptosi&®. cGSN also exists in the mitochondria and preserves mitochondrial integrity by
blocking the loss in mitochondrial membrane potential and apopttsfs

GSN plays an important role in the regulation of gynecologiaater cell fate as reflected in
dysregulating their chemosensitivit§, Chemoresistant cancer cells exhibit higher intact cGSN
and lower cleaved cGSN contenia OVCA cell lines compared to their sensitive
counterpart§??*” cGSN expression in higgrade serous OVCA is significantly associated with

tumour progression, progressitnee and overall survivaf
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€GSN 5'-end | UT, Exon 1and 2

m The rest sequence of gelsolin gene

pGSN 5-end | | Signal peptide |  Plasma extension
ut Exon 3

1 730
I cGSN protein |

— ot |

1 25 755

Fig. 1.7 The structure of gelsolin.Both isoforms of gelsolin (cytoplasmic; cGSN and secreted,
pGSN) are encoded by a single gene on chromosome 9 in humans. Transcription at exon 1
produces cGSN mRNA whereas transcription at exon 3 produces pGSN mRNA. pGSN protein
has an additional 25 amirazids sequence at itst®rminal region which is absent in the cGSN.

UT, untranslated sequence; cGSN, cytoplasmic gelsolin; pGSN, plasma gelsolin.
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cGSN undergoes CDDiRduced, caspas&mediated cleavage between residues®&sp
and GIy*® resulting in the formation of ®rminus (GcGSN; 41KDa) and Nerminus (N
cGSN; 39KDa) fragments and ultimately apoptosis in chemosensitive but not in chemoresistant
cancer cell§% Forced expression of-€GSN and its sufragments sensitize chemoresistant
ovarian cancer to cisplatiim vitro through caspas&mediated cleavage and apoptd&is
CDDP downregulates FLIP in chemosensitive OVCA cells thereby increasing apoptosis; this
effect does not happen in chemoresistant OVCA 2&II€DDP dissociates cGSN from the
GSN-FLIP-Itch complex in chemosensitive cells, thereby inducingPFubiquitination and
degradation, activation of caspa®eand -3, caspas@-mediated cleavage of cGSN, and
apoptosi&™. In the chemoresistant OVCA cells, CDEfis to dislodge cGSN from the complex

and hence CDD#hduced apoptosis is attenuat&d

1.10.2  Plasma gelsolin (pGSN) and chemoresistance

pPGSN, asecretory/soluble form of gelsolin, differs from the cGSN by-tefkhinal
25-amino acid signalling peptide and a cysteine residue disulfide bond between positions 188
and20ldesi gnated as t he ?FpiFagslMaThemajoresites for@@SN s i gn
synthesis are the skeletal, cardiac and smooth muscles instead of the liver cells, which is a major
organ that contributes to most circulating prot€ih$* pGSNis an extracellular actin scavenger
which prevents actin toxicity and further lifiereatening conditiod’. Such risk may present in
an array of clinical conditions such as acute respiratory distress syrfdtéthesepsi&®:2%®
major traum&?°*%*° malarig®®**" and liver injury®®. GSN expression has been studied in

breast®, gastrié’®, eosophagedl', osteosarcont& and livef*? cancers and appeared regulated

by BRCA1/2 and AKT sigrliing?®®?"% methylatioi’”®, and mir200a targeting? and have been
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implicated in TGF/EM transitiocfi®. Total GSN overexpression in gynaecologic cancers is
significantly associated with chemoreaiste, poor prognosis, aggressive behavior and cancer
deathshoweverthe role of pGSN (secreted form of GSN) remains eld&v2’

Elevated pGSN levels in the blood of colorectal patients and tissues of prostate cancer
patients are significantly associated with distant organ mettStamid disease progresstéh
respectively. However, the mechanisms behind these phenomena have not been explored.
Although pGSN is distributed by by fluids, little is known about its expression, secretion and
interaction with immune cells in the tumour microenvironment. Despite the observation that
pPGSN interacts with cell surface proteins such as int€gridetail interactions and resulting
effects are yet to be studieflithough the levels of pGSN are inversely proportional to T cells
levels in the plasma of patients with burns, thaited mechanism has not been demonstrated.

As to whether pGSN promote OVCA cell survival and chemoresistance as well as suppress the

functions of immune cells in the OVCA microenvironment remain to be determined.
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CHAPTER 2 - RATIONALE, HYPOTHESIS AND OBJECTIVES
2 Rationale and background
OVCA is the most lethal gynecological cancer, dwainly to late diagnosis,

recurrence and chentesistance®. The standard first line treatment for OVCAaisombination
of surgical debulking and chemotherapy with cisplatin (CDDP) and taxane derivatives
Although theg are successful initially, chemoresistance is a major hurdle for long term
therapeutic success, and there have not been significant change igeiduesbirvival ratever
the past 30 yeatS. The molecular mechanism of chemesistance is mulfiactorial and is
associated with evasion of apoptosis and impaired immunological re3flof®¢CA is
considered a cold turo hence has poor immune cell infiltratin Thus, immunotherapy has
failed to be effectivdo date. Theres still more to learn about the molecular contributors to
chemoresistanda OVCA to afford new diagnosis and treatment

Although gelsolinoverexpressiofis significantly associateaith chemoresistance, poor
prognosis, aggressive behavior and cancer deaths, the role of (88#%ted form of GSN)
remainselusivé’®. Elevated levels of pGSN in the plasma of colorectal and-aeddeck
cancersare significantly correlatedwith tumaour recurrence and pogrognosig; however, the
mechanism involved has not been reported. Although pGSN is distributed by bodylitiieds
known aboutheregulation of its expression/secretids to whether pGSN expression is key to
ovarian cancer chemoresistance remainetddiermined.

TME is a strong contributing factor for chemoresistantreaddition to tumaor cells, the
TME entails variouscell types, including immune cell®ue to the coldness of OVCA (low
infiltration of immune cells), patients are unresponsive to immunotherapy although melanoma,

breast cancer and lung cancer patients respond{élhere is an urgent need for alternative
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immunotherapies that targaovel pathways responsible for the coldness of OVCA. Although
PGSN is secreted into the blood during the normal physiologic state, its interaction with
neighbouring immune cells remains to be examined. Whether there is a dysregulation in its
interactionwith cells which further contributes to OVCA progression and drug resistance is yet
to be unveiled. We have yet to investigate the mechanistic role of pGSN in inhibiting the anti
tumaur functions of infiltrated T cells and macrophages in OVCA chemoresestaiie expect

that pGSN expression could serve as a novel target for elucidating the coldness of OVCA and
also provide alternative means to improve patient survival.

Extracellular vesiclesplay a key role in celtell communication through surface
interadions and transfer of proteins or nucleic acaiwl are involvedin cancer progression,
survival and metastadfs*; however, theiidentity and precise rola OVCA chemoresistande
not well establishedlhe secretion of extracellular velgisfrom cancer cells couldegulate the
functions of neighboring cellsncluding immune celf§'>. We have yet to demonstrate if and
how sEMpGSN regulate immune cell functions such as T cells and macropimagd® and

how this dysregulation contributes to OVCA chemoresistance
2.1 Overall objective

The overall objective of the proposed study is to determine if and ho@SN

regulates chemosensitivity in OVCA.
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2.2 Overall hypothesis
1. pGSN contributes to OVCA chemoresistance by;
a. autoregulating its own gene expression in an autocrine and paracrine
manner;
b. downregulating theanti-tumor functions of immune cells
2. pGSN is a biomarker for early detection of OVCA and prognostic marker for residual
disease and patient survival.
2.3 Specific Hypothesesand specific objectives
1. Hypothesis:pGSN promotes OVCA cell survival through bothamine and paracrine
mechanisms that confers CDDP resistance to chemosensitive OVCA cells.
ObjectivesTo determine whether

a. PGSN gene expression in OVCA cells is m
signaling cascade;

b. HI F1U binds t o regoeof PASN to prmotentbet eadogenous
expression of pGSN in OVCA cells;

c. pGSN is secreted via small extracellular vesicles (SEVS);

d. Chemoresistant OVCA cetlerived sEVs induce CDD#fsistance in otherwise
chemosensitive OVCA cells via the activation otth U5b1 i nt egri n/ Al
signaling cascade.

2. Hypothesis:;pGSN inhibits CD8+ T cell function and regulates GSH production to confer
chemoresistance in OVCA.

Objectives:To determine whether
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a. sEVs containing pGSN induce the production of GSH which attenuafePc
induced death in OVCA cells;

b. Increased expression of pGSN in OVCA tissues is associated with poor anti
tumors effects of infiltrated CD8+ T cells;

c. Chemoresistant OVCA cetlerived sEVs containing pGSN induce casgase
dependent apoptosis in activat€D8+ T cells, a process that decreases its
producti.on of | FND

3. Hypothesis: pPGSN modulates ovarian inflammation and confers chemoresistance in
OVCA by resetting the relative abundance and function of macrophage subtypes.
ObjectivesTo determine whether

a. Increased expression of pGSN in OVCA tissues is associated with poer anti
tumour effects of infiltrated M1 macrophages;

b. Chemoresistant OVCA cetlerived sEVs containing pGSN induce casgase
dependent apoptosis in M1 macrophages as well as decrease thersaxret
i NOS and TNFU

4. Hypothesis:Preoperative circulating pGSN is a favourable and independent biomarker
for OVCA prognosis
ObjectivesTo determine whether
a. Increased levels of circulatory pGSNrslicative of early stage OVCA;

b. Increased levels dfirculatingpGSN is predictive of subptimal residual disease.
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ABSTRACT

Ovarian Cancer (OVCA) is the most lethal gynecological cancer, due predominantly to late
presentatiophigh recurrenceateandcommonchemoresistancagevelopmentThe expression of

the actinassociated protein cytosolic gelsolin (GSidygulates the gynaecological cancer cell
fate resultingin dysregulation in chemosensitivityn this study, we reporthat elevated
expression oplasma gelsolin (pGSN), secretedsoform of GSNandexpressed from the same
GSN gene correlates with pooreoverall suvival and relapsdéree survival in patients with
ovarian cancerin addition, it ishighly expresse@nd secreteth chemoresistant OVCA cells
than its chemosensitive counterparts. pGSN, secreted and transported via eX&sgnaESN)
up-reguates HIA UmediatedpGSN expression in chemoresistant OVCA cells in an autocrine
manneras well asconfers cisplatin resistance in otherwise chemosensitive OVCA Gélese
findings support our hypothesthat exosomal pGSNoromotesovarian cancer cellsurvival
through both autocrine and paracrine mechanisms which transform chemosensitive cells to
resistant counterpartsSpecifically, pGSN transported via exosomes is a determinant of

chemoresistance in OVCA.

KEY WORDS

Plasma gelsolin (pGSN), ovariaancer (OVCA), cisplatin (CDDP), chemoresistance, exosomes
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INTRODUCTION

Chemoresistance israajor obstacle in the treatment of ovarian cancer, one of the most
fatal gynaecological cancers. Althoughost patients initially respond tglatinum based
chemotherapy about 70 i 80% of the tumour relapses and become resistanttreatment
especially with the high grade serous (HG8$tological subtypé. The HGS subtype is
considered the most fatal with the worst mortality compared to the other sdbfagmum or
taxanederivativescombined withcytoreductionare standardfirst-line treatmentstrategy for
ovarian cancer; however, thdras beemo significant change in-$ear patient survival ratedue
to high rate of tumourecurrence andhemoresistanéelt is therefore urgent to inséigate novel
targets and markers that are involved in OVCA recurrence and chemoresistance and how these
affect patient survivalThe molecular and cellular mechanisms underpinning chemoresistance is
multifactorial, as it involves apoptosis evasion, abetraxpression and activation of survival
factors, dysregulation ofumour suppressors and impairment of the immunological defence
systent®.

Gelsoln (GSN), an 801 85KDa calciumdependent multifunctional actisinding
protein has twowell characterizedsoformsi cytoplasmic gelsolin (cGSN) and plasma gelsolin
(pPGSNY. There are other isoforms which are less charactefTebe isoforms are encoded by a
single gene on chromosome 12 as a result of alternative gphcid different transcriptional
initiation site§. The extra 25 amino acid sequence at thersinal of pGSNs one of the main
architectural differences that distinguish it from cGSBISN forms a complex witRLICE-like
inhibitory protein ELIP) and ltch and stabilizes FLIP in a netress statewhereas cisplatin
(CDDP) dissociates GSN from the cdew in chemosensitive cells, thereby facilitating FLIP

ubiquitination and degradation, casp&sactivation, and GSN cleavdgaVe have recently
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shown that cGSN overexpression correlates with chemoresistance, poor prognosis, aggressive
behaviour and cancer de3tivhereas theole of pGSN remainslusive

pGSNis an extracellular actin scavenger wah average concentration -at200-300
ug/ml, which is mostly produced by the muscle and distributed by body it pGSN has
been implicated in various inflammatory disorders, injuries and bacterial inféctfafthough
its mechanistic involvemeims$ poorly understoadHigh levels of pGSN have als@én detected
in the plasma/serum and tissues of headneck, colorectalprostate and breast cancérs
however, the exact mechanism is largely unknown. Although pGSN has been shown to interact
with U 5 fintegrin'®, the detailed interaction aris consequencen chemsensitivity in OVCA
are yet to be studied. To date, there is no data on the possible p&d&Nfin OVCArecurrence,
suboptimal surgical debulking astiemoresistance.

Extracellular vesicles (EVs) play a key role in @#@ll communication through surface
interactions andhe transfer of proteins, nucleic acids and fatty acids Exosomes (Es) are
vesicles of approximately 3000 nm in size and formed within endosomes by membrane
invaginations whereas microvesicleMy/s) range from 0.1 to 1.0 um and are produced by
membrane blebbingn cells under stres§'® The secretion of ¥s or MVs from cancer cells
could regulate the functions of neighbouring gétisluding non-cancerousr immune cell&'*®
2L EVsare believed to play a role tancer progression, survival and metastakfoughtheir
participation in cellular basis @hemoresistance in OVCA remains largely unkntwwhether
exosomesontaining pGSN (EpGSN)may be important in the regulation diemosensitivity
in neighbouring OVCA cells has not been repartedthis study, wereport for the first time

pGSNsecretiorand transport via exosomeést s f uncti onal I artaatocanet i on

mannerandconferring ofcisplatin resistance in otheise chemosensitive OVCA cells.
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RESULTS
PGSN expression in ovarian cancer patients predicts clinical outcomes.

Using metaanalysis, we assessed tepressiorof pGSNwith the 200696 _s_ at probe
(Supplementary Tables 1 and iR) primary ovarian tumour (serous and endometriandjhe
cont ext o f clirtichl eutcpneedby ieterrbgatsg publiy availablegene expression
datasets on an online KaplMeier plotter ovarian cancer survival analysis

(www.kmplot.com?. pGSN gene expressiomas stratified by histological subtype (serous;

serous and endometrioid), chemotherapeutic agents (platinum or platinum + taxol) and
suboptimal surgical debulking (Fig. 1A) andorrelated with progression free survival (PES)
In serous patients with treatments containing platinum derivatives, elevated expression of pGSN
was significantly (p = 0.044) associated with shorter time for tumourresme (16.6 months)
compared with patients with lower pGSN expression (18.27 months) (Fig. 1B). The tumour
recurrence trend was similar in serous patients with treatments containing both platinum and
taxol agents although the difference was not signifigarnt 0.069; low pGSN, 17.38 months;
high pGSN, 14.9) (Fig. 1B). Analysis of serous patients with suboptimal surgical debulking
revealed that increased pGSN expression was significantly correlated with shorter time for
tumour recurrence irrespective ofdtment component [(platinum, P = 0.024; low pGSN, 15.01
months; high pGSN, 13 months), (platinum and taxol, P = 0.0055; low pGSN, 15.01 months;
high pGSN, 11.93 months)] (Fig. 1C).

Our interrogation of both serous and endometroid datasets revealedtibatspaeated
with platinum and taxol compounds and had elevated expression of pGSN experienced
significantly shortened progressifmee survival (P = 0.0z3ow pGSN,18 months; high pGSN,

14.87monthg (Fig. 1D). However, no significant difference wdsserved in the same datasets
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with treatments containing only platinum derivatives (B.£3; low pGSN, 19 months; high
pPGSN, 19.3 months) (Fig 1D). When the datasets (serous and endaietere stratified using
suboptimal surgical debulking and treatmecontaining platinum and taxol, there was
significantly shorter time to occurence in patients with elevated levels of pGSN (P = 0.0025; low
pPGSN, 15.01 months; high pGSN, 11.93 months) (Fig. 1E). In the context of patients treated
with platinum derivative, we observed that elevated pGSN expression was associated with
shorter PFS (14.9 months) compatedhose with lower pGSN expression (PFS; 16.83 months)
although the difference was not significant (P = 0.16) (Fig. TEg beeswarm plot further
provided a visual view of the relative expression of pGSN in ovarian cancer patients
dichotomized as either high or low (FiyB-E; bottom panels Although not shown by any
figure, there were no significant differences betweearaV survival (OS) and pGSN levels
irrespective of stratification. We therefore decided not to present the OS data in the current

study.

pPGSN content and secretion ardnigher in chemoresistant OVCA cells and are associated
with decreased CDDHnducedapoptosis.

To examine the mechanistic action of pGSN in the regulation of chemosensitivity in
OVCA cells, wecompare the influence of CDDP on pGSN legeih chemosensitive and
resistantOVCA cells of HGS subtypewith various p53 mutational status and extehtleese
investigations to include the OVCA of the endonwtt subtypes (see Supplementaible 3.

HGS [chemosensitive (OV2295 and OV4453) ahdmoresistant (OV90, OV866 (2) aHey]
and Endometoid [chemosensitive A2780s and PAl) and chemoresistanA2780cp and
SKOV-3)] OVCA cells were culturedwith or without CDDP (10 uM; 24 hand cellular and

conditioned media contents of pGSN were assessed by WB and ELISA
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Supplementary Table3.1: Target sequences for 200696 _s_at probe and GSN transcript
variant 1; mRNA (Isoform a; pGSN) sequence.

Probe Set Name¢ Probe X | Probe Y Probe Interrogation Probe Sequence Target
Position Strandedness
200696_s_at 310 575 2122 TGCTTCTGGACACCTGGGACCAGGT Antisense
200696_s_at 702 477 2137 GGGACCAGGTCTTTGTCTGGGTTGG Antisense
200696_s_at 451 343 2190 GAAGCCTTGACTTCTGCTAAGCGGT Antisense
200696_s_at 613 621 2207 TAAGCGGTACATCGAGACGGACCCA Antisense
200696_s_at 375 569 2266 TGAAGCAAGGCTTTGAGCCTCCCTC Antisense
200696_s_at 509 297 2299 GCTGGTTCCTTGGCTGGGATGATGA Antisense
200696_s_at 528 551 2321 TGATTACTGGTCTGTGGACCCCTTG Antisense
200696_s_at 334 607 2398 TCACCGGTCAGTGCCTTTTGGAACT Antisense
200696_s_at 611 229 2421 CTGTCCTTCCCTCAAAGAGGCCTTA Antisense
200696_s_at 59 63 2436 AGAGGCCTTAGAGCGAGCAGAGCAG Antisense
200696_s_at 204 381 2455 GAGCAGCTCTGCTATGAGTGTGTGT Antisense

Homo sapiens gelsolin (GSN), transcript variant 1, mRNA (Isoform a); probe target

sequences are highlighted in yellow.

1 ccaccatggc tccgeaccge cecegegeceg cgetgetttg cgegetgtee ctggegetgt

61 gcgegctgte getgeeegte cgegeggeca ctgegtegeg gggggcegtee caggeggggyg

121 cgccecaggg gegggtgece gaggegegge ccaacagceat ggtggtggaa caccccgagt

181 tcctcaaggc agggaaggag cctggectge agatctggeg tgtggagaag ttcgatctgg

241 tgcccgtgec caccaac

ctt tatggagact tcttcacggg cgacgcctac gtcatcctga

301 agacagtgca gctgaggaac ggaaatctgc agtatgacct ccactactgg ctgggcaatg

361 agtgcagcca ggatgagagce ggggceggeeg ccatctttac cgtgecagcetg gatgactacc

421 tgaacggceg ggecgtgcag caccgtgagg tccagggctt cgagtcggec accttectag

481 gctacttcaa gtctggectg aagtacaaga aaggaggtgt ggcatcagga ttcaagcacg

541 tggtacccaa cgaggtggtg gtgcagagac tcttccaggt caaagggegg cgtgtggtec

601 gtgccaccga ggtacct

gtg tcctgggaga gettcaacaa tggegactge ttcatcctgg

661 acctgggcaa caacatccac cagtggtgtg gttccaacag caatcggtat gaaagactga

721 aggccacaca ggtgtccaag ggcatccggg acaacgageg gagtggeegg geccgagtge

781 acgtgtctga ggagggcact gagceccgagg cgatgctcca gg

841 ctctgectge aggtaccgag gacaccgeca aggaggatge ggccaaccge aagetggeca

901 agctctacaa ggtctccaat ggtgcaggga ccatgtcegt ctcectegtg getgatgaga

961 accccttcge ccagggggcec ctgaagtcag aggactgctt catcctggac cacggcaaag

1021 atgggaaaat ctitgtctgg aaaggcaagc aggcaaacac ggaggagagg aaggctgece

1081 tcaaaacagc ctctgacttc atcaccaaga tggactaccc caagcagact caggtctcgg

tgctggge cccaagecgg
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1141 tccttcctga gggeggtgag accccactgt tcaagcagtt cttcaagaac tggcgggacc

1201 cagaccagac agatggcctg ggct tgtcct acctttccag ccatatcgec aacgtggage
1261 gggtgcectt cgacgecgece accetgeaca cetcecactge catggecgece cagcacggea

1321 tggatgacga tggcacaggc cagaaacaga tctggagaat cgaaggttcc aacaaggtgc
1381 ccgtggaccc tgccacatat ggacagttct atggaggcga cagctacatc attctgtaca
1441 actaccgcca tggtggecge caggggcaga taatctataa ctggcagggt geeccagtcta

1501 cccaggatga ggtcgcetgcea tetgecatec tgactgcetca getggatgag gagetgggag

1561 gtacccctgt ccagagcecgt gtggtccaag gcaaggagcc cgcccaccte atgagcctgt

1621 ttggtg  ggaa gcccatgatc atctacaagg gcggeacctc ccgcgaggge gggcagacag
1681 cccctgecag caccegecte ttccaggtce gegecaacag cgetggagece accecgggctg

1741 ttgaggtatt gcctaaggct ggtgcactga actccaacga tgcctttgtt ctgaaaaccc

1801 cctcageegce ctacctgtgg gtgggtacag gagccagega ggcagagaag acgggggcecc
1861 aggagctgct cagggtgcetg cgggeccaac ctgtgcaggt ggcagaagge agcgagecag
1921 atggcttctg ggaggcecectg ggcgggaagg ctgectacecg cacatcccca cggetgaagg

1981 acaagaagat ggatgcc cat cctcctcgcc tetttgectg ctccaacaag attggacgtt

2041 ttgtgatcga agaggttcct ggtgagctca tgcaggaaga cctggcaacg gatgacgtca

2101 tgcttctgga cacctgggac caggtctttg tctgggttgg aaaggattct caagaagaag
2161 aaaagaca ga agccttgact tctgctaage ggtacatcga ga cggaccca gccaatcggg
2221 atcggcggac gcccatcacc gtgg tgaagc aaggctttga gcctccctc c tttgtgg gct
2281 ggttccttgg ctgggatgat gattactggt ctgtggaccc cttg gacagg gccatggctg
2341 agctggctgc ctgaggaggg gcagggccca cccatg tcac cggtcagtgc cttttggaac

2401 tgtccttcce tcaaagaggc cttagagcga gcagagcagc tetgctatga gtgtgtgt gt

2461 gtgtgtgtgt tgtttctttt tttttttttt acagtatcca aaaatagccc tgcaaaaatt
2521 cagagtcctt gcaaaattgt ctaaaatgtc agtgtttggg aaattaaatc caataaaaac
2581 attttgaagt gtgaaaaaaa aaaa aaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa

2641 aaaaaaaaaa aaaaaaaaaa aaa
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Supplementary Table3.2: Target sequences for 214040_s_at probe and GSN transcript
variant 4; mRNA (Isoform f) sequence.

Probe Set Nam¢ Probe X | Probe Y Probe Interrogation Probe Sequence Target
Position Strandedness
214040_s_at 136 103 262 ACAGCATGGTGGTGGAACACCCCGA Antisense
214040_s_at 627 313 265 GCATGGTGGTGGAACACCCCGAGTT Antisense
214040_s_at 615 535 311 TGGCCTGCAGATCTGGCGTGTGGAG Antisense
214040_s_at 407 319 317 GCAGATCTGGCGTGTGGAGAAGTTC Antisense
214040_s_at 55 549 329 TGTGGAGAAGTTCGATCTGGTGCCC Antisense
214040_s_at 360 235 353 CGTGCCCACCAACCTTTATGGAGAC Antisense
214040_s_at 156 175 359 CACCAACCTTTATGGAGACTTCTTC Antisense
214040_s_at 104 141 408 AAGACAGTGCAGCTGAGGAACGGAA Antisense
214040_s_at 153 105 411 ACAGTGCAGCTGAGGAACGGAAATC Antisense
214040_s_at 433 23 433 ATCTGCAGTATGACCTCCACTACTG Antisense
214040_s_at 377 573 436 TGCAGTATGACCTCCACTACTGGCT Antisense

Homo sapiens gelsolin (GSNJranscript variant 4, mRNA (Isoform f) ; probe target

sequences are highlighted in yellow.

1 ggaaccagct gagcgcagct ggacccagca gecgcetgtct ccagtgeege agcageaggt

61 agtgctcata getctctitg tccagtgett cggecttggt cccagegect tcccacggag

121 cagcactctt caccctgeac agecttgtta ggagaagggyg atgaatgaat acaggactta

181 cgcgtetgct gtggeccagc tggcettcecag atggtgacat gagccaccca cagecggage

241 tgttcctctt tcccaaagct cagecca aca gcatggtggt ggaacacccc gagtt cctca
301 aggcagggaa ggagcc ~ tggc  ctgcagatct ggcgtgtgga gaagttc gat ctggtgcc  cg
361 tgcccaccaa cctttatgga gacttctte a cgggcgacgc ctacgtcatc ctg aagacag

421 tgcagctgag gaacggaaat ctgcagtatg acctccacta ctggct

481 gccaggatga gagcggggceg gccgccatct ttaccgtgea g

541 gccgggecgt gcageaccgt gaggtccagg gettcgagte ggecacctte ctaggetact

601 tcaagtctgg cctgaagtac aagaaaggag gtgtggcatc aggattcaag cacgtggtac

661 ccaacgaggt ggtggtgcag agactcttcc aggtcaaagg gcggegtgtg gtecgtgeca

721 ccgaggtacc tgtgtcctgg gagagcttca acaatggcga ctgcttcate ctggacctgg

781 gcaacaacat ccaccagtgg tgtggttcca acagcaatcg gtatgaaaga ctgaaggcca

gggc aatgagtgca

ctggatgac tacctgaacg

841 cacaggtgtc caagggcatc cgggacaacg agcggagtgg ccgggeccga gtgcacgtgt
901 ctgaggaggg cactgagccc gag gcgatge tccaggtget gggecccaag ceggctetge
961 ctgcaggtac cgaggacacc gccaaggagg atgcggecaa ccgcaagetg gecaagctet
1021 acaaggtctc caatggtgca gggaccatgt ccgtctccct cgtggetgat gagaacccect
1081 tcgeeccaggg ggecctgaag tcagaggact gettcatcct ggaccacgge aaagatggga

1141 aaatctttgt ctggaaaggc aagcaggcaa acacggagga gaggaaggct gccctcaaaa
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1201 cagcctctga cttcatcacc aagatggact accccaagcea gactcaggte tcggtecttc

1261 ctgagggcgg tgagacc cca ctgttcaagc agttcttcaa gaactggcgg gacccagacc
1321 agacagatgg cctgggcttg tcctaccttt ccagccatat cgccaacgtg gagegggtge

1381 ccttcgacgc cgccaccctg cacacctcea ctgecatgge cgeccageac ggeatggatg

1441 acgatggcac aggccagaaa cagatctgga gaatcgaagg tt ccaacaag gtgcccgtgg
1501 accctgccac atatggacag ttctatggag gcgacagcta catcattctg tacaactacc

1561 gccatggtgg ccgccagggg cagataatct ataactggca gggtgeccag tctacccagg

1621 atgaggtcgc tgcatctgcc atcctgactg ctcagctgga tgaggagctg ggaggtaccc

1681 ctgtccagag ccgtgtggtc caaggcaagg agcccgecca cctcatgagc ctgtttggtg

1741 ggaagcccat gatcatctac aagggcggca cctcccgega gggegggeag acageccctg

1801 ccagcacccg cctcettccag gtccgegeca acagegetgg ageccaccegg getgttgagg

1861 tattgcctaa ggctggtgca ctga actcca acgatgcctt tgttctgaaa accccctcag
1921 ccgcctacct gtgggtgggt acaggagceca gcgaggcaga gaagacgggg geccaggage
1981 tgctcagggt gectgcgggece caacctgtge aggtggcaga aggcagegag ccagatggct

2041 tctgggaggc cctgggeggg aaggetgect accgeacate cccacggetg aaggacaaga
2101 agatggatgc ccatcctcct cgcctctttg cctgctccaa caagattgga cgtttigtga

2161 tcgaagaggt tcctggtgag ctcatgcagg aagacctggc aacggatgac gtcatgcttc

2221 tggacacctg ggaccaggtc tttgtctggg ttggaaagga ttctcaagaa gaagaaaaga

2281 cagaag cctt gacttctgct aagcggtaca tcgagacgga cccagccaat cgggatcggce

2341 ggacgcccat caccgtggtg aagcaaggct ttgagcctcc ctectttgtg ggcetggttce

2401 ttggctggga tgatgattac tggtctgtgg accccttgga cagggccatg getgagetgg

2461 ctgcctgagg aggggcaggg cccacccatg t caccggtca gtgccttttg gaactgtcct
2521 tccctcaaag aggccttaga gcgagcagag cagctctgct atgagtgtgt gtgtgtgtgt

2581 gtgttgtttc tttttttttt tittacagta tccaaaaata gececctgcaaa aattcagagt

2641 ccttgcaaaa ttgtctaaaa tgtcagtgtt tgggaaatta aatccaataa aaacattttg

2701 aagtgtg
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Fig. 3.1 High pGSN expression is associated withumour recurrence in patients with
ovarian cancer. (A) Ovarian cancer public data sets were stratified using histological subtype
(serous and endomadid), chemotherapeutic agents and suboptimal surgical debukapdari

Meier survival analysis and beeswarm plots with optimal cutoff values of pGSN expnesse®
performed or(B) only serous patient$C) serous and endomadid patients(D) serous patients
with suboptimal surgical debulking ar{@) serous and endometroid patients with suboptimal
surgical debulking with treatments containing either platimurplatinum + taxolP-values were

calculated by the Idgank test.
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Supplementary Table3.3 Information on OVCA cell lines

Cell line Tumour origin TP53 status Other e
Chemosensitivity
A2780s Ovarian endometroid Wild type PTEN/ARID1A Sensitive
adenocarcinoma
A2780cp Ovarian endometroid Mutant PTEN/ARID1A Resistant
adenocarcinoma V127F, R260S
SKOV3 Ovarian endometroid Null PI3KCIA/ARID1A Resistant
adenocarcinoma
PA-1 Ovarian endometroid Wild type None Detected Sensitive
adenocarcinoma
Hey Ovarian serous cyst Wild type KRAS Resistant
adenocarcinoma
0OV2295 High grade serous ovarian cancer Mutant Non Detected Sensitive
11e195Thr
0OV4453 High grade serous ovarian cancer Mutant None Detected Sensitive
Splice
OVvoo High grade serousvarian cancer Mutant None Detected Resistant
Ser215Arg
OV866(2) High grade serous ovarian cancer Mutant None Detected Resistant
Arg249Trp

Information on OVCA cell lines: The characterization of these cell lines haen verified in
previous literature (Anglesiet al,2013; Leroyet al, 2014; Provencheat al, 2000; Fleuryet

al., 2015; Letourneaet al, 2012).



Cellular andsecreted pGSN in the resistant HGS cells (OV90, Hey, OV3866we)¢ not
affected by CDDP treatmeumithoughtheir contents decreased in the chemosensitive HGS cell
lines (OV2295, OV4453jFig. 2A, Fig. S1A. CDDP induced apoptosis in the chemosensitive
HGS cells but not the resistant phenotypes (Fig. Bify. S1A. Likewise,pGSN contenin

OVCA cells of endometroid subtypesas expressed and secreted in larger amounts in the
chemoresistant cells than their sensitive counterparts, irrespective of their p53 status (Fig. 2B,
Fig. S1BC, Fig. S2). CDDP decreasecellular and secrete¢ggGSN contents in the CDBP
sensitive cells but not in the resistant cdlisg. 2A-B, Fig. S1, Fig. S2. CDDP induced
concentratiordependent apoptosis ahemosensitiveells but not in the resistacells (***p <

0.00) (Fig. 2A-B, Fig. S] suggesting possible association between pGSN overexpression and

OVCA chemoresistance

pGSNisinvolved in theregulation of CDDPsensitivity in OVCA cells.

To further examine wheth&@DDP responsiveness of OVCA cells is regulated by pGSN,
chemoresistant OVCA cel[©V866 (2) (Fig. 2C)Hey (Fig. S3A) and A2780cp (Fig. 2D Fig.
S3B)were transfected with eith@GSN or scramble (control) small interfering RNAs (SiRNA;
50 nM; 24 h) and treatedith CDDP (0 and 10 pM; 24 hjo determine if pGSN knockdown
would sensitize the chemoresistant OVCA cells to CbBiféiced apoptosipGSN knockdown
resulted in the sensitization of the resistant cells to GididBced apoptosis (10 uM; Fig. 2T,

Fig. S3B; ***p < 0.001). Moreover,chemosensitiv®V2295and A2780s cellgransfected with
pPGSN cDNA (empty vector as control; 1 ug; 24 h) and subsequently treated with CDDP (0
and10 pM; 24 h) exhibited significant attenuation in CBID&uced apoptotic responsefy <

0.001; Fig. 2EF). A2780cp cells treated with GSN siRNA (known to demegulate both cGSN

and pGSN) was reconstituted with rhpGSN and then treated with CDDP. pGSN content in
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A2780cp cells was significantly decreased (both in the cells and conditinedid) by GSN
siRNA and also sensitized the resistant cells to Cidolced apoptosis (10 uM; ***p < 0.001,
Fig. 2G). rhpGSN reconstitution QuM; 24 h) attenuated CDDBiRduced apoptosis in A2780cp
cells in which GSN was knocked down (F&f5), suggestig that the antapoptosis response of
GSN was primarily that of the pGSNaken together, these findings suggest that pGSN plays a
key role in OVCA responsiveness to CDDP aitsl downregulation may present as an

opportunity to sensitize chemoresistant GV€ellsto CDDRinduced apoptosis

pPGSN is transported by exosomes which ato pr egul at e pGSN content

integrin signaling.

To investigate the mode of secretion and extracellular transport of pGSN, chemosensitive
(OV2295, OV4453, A2780s, RA) and chemoresistant (OV90, OV866(2), A2780cp, Hey)
OVCA cells werecultured in the absence and presence of CDDRIKL024 h) and extracellular
vesicles (exosomes and microparticles) in conditioned media were isolated and chardmyerized
WB, NTA, and iEM Although both the sensitive and resistant cells secreted both types of
extracellularvesicles (Fig. 3AC, Fig. SIA-B), the resistant cells secreted significantly more
exosomes compared to their sensitive counterpdig. 3D-E); regardless of the CDDP

sensitivity of the cells.
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Fig. 32 pGSN regulates CDDHnduced apoptosis in OVCA cells.(A and B) CDDP
decreased pGSN content and induced apoptosis in chemosensitive (OV2295, OV443, A2780s)
but not chemoresistant (OV90, OV8a8§(A2780cp) OVCA cells. OVCA cells were cultured
with or without CDDP (10 puM; 24 h)C, D) Silencing pGSN in OV866(2) and A2780cp cells
sensitized them to CDDRduced apoptosis. OV86692) and A2780cp cells were transfected with
PGSN siRNA (50 nM, 24 h; tich specifically knocked down pGSN but not cGSN) and then
treated with or without CDDP (10 uM; 24 i, F) Overexpression of pGSN cDNA attenuated
CDDP-induced apoptosis in OV2295 and A2780s cells. OV2295 and A2780s cells were
transfected with pGSN cDNA2 pg; 24 h) and cultured with or without CDDP (10 uM; 24 h).
(G) A2780@ (with total GSN knocked dowmwere cultured with rhpGSN (10 puM; 24 h) before
treatment with CDDP (0 and 10 pM; 24.lp GS N, ¢ G Stibulim (oddingb control)
contents were assessby Western blotting (WB) and apoptosis determined morphologically by
Hoechst 33258 DNA stainingA, (a; ***p<0.001 vs b, ¢ and d)B, (a; ***p<0.001 vs b);C,

(a; ***p<0.001 vs b and c);D, (a; ***p<0.001 vs b);E, (a; ***p<0.001 vs b and ¢)F, (a;

***n<0.001 vs b and ¢)G, (a; ***p<0.001 vs b and c);]N = 3.
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Fig. 3.51 CDDP decreases pGSN content in the chemosensitive cells but not their resistant
counterparts. (A1 C) Hey, PA1 and SKOV3 cells were cultured with or without CDDP (10
uM; 24 h). pGSN contents in conditioned media and cell lysates were assessed yNMBINn
was used as a loading contr@DDP-induced apoptosis was analysed morphologically using

HoechstDNA staining.[B, (a; ***p<0.001 vs b, cand d)]N =3
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Fig. 3.53 GSN knockdown sensitizes chemoresistant cells to CDBRduced apoptosisHey
(A) and A2780cp(B) cells were transfected with total pGSN siRNA (50 nM; 24 h) and then
cultured with or without CDDP (10 pM; 24 h). Cell lysates and conditioned media were
cdlected and pGSN anf-tubulin (loading control) contents assessed by WB. CiidRced
apoptosis was analysed morphologically using Hoechst DNA stajinga; ***p<0.001 vs b);

B, (a; **p<0.001 vs b)].N =3
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Exosome secretion was not affected by GOPBig. 3GE). Microparticles blebbed from
the cell membrane with an average size of 500 nm whezgasomes were formed in
multivesicular bodies with anvarage size of 100 nm. pGSN was detected in both exosomes and
microparticles usingl8nm colloidal gold particles (Fig. 3G)Xhemoresistant ceHderived
exosomes contained increased levels of pGSN compared with microparticles (Fig. 3F).
Exosomal pGSN was secreted in greater amounts in the resistant cells compared to their sensitive
courterparts (Fig. 3F).

Despite the observation that pGgitheiand er act
how this interaction regulates chemosensitivity in OVCA remains to be demonstrated. To
investigate this possibilityA2780s cells were treated withe UBb1 integrininhibitor ATN 161
(0 and 40 pM; 3 h) or FAK siRNA (0Oand 20 pmol; 24 h) before treaent with exosome
containing pGSNEx-pGSN 40 ug; 24 h or exogenoubuman recombinamGSN ¢hpGSN;10
MM; 24 h) (Fig. 4A-C). Ex-pGSN and exogenous pGSN significantly increasedctintents of
endogenous pGSN athese redddorisds Westtehuate ley the presence of the
UBb1 integrin receptoantagonisand FAK downregulation (Fig. 4AC). The downregulation of
endogenous pGSN also resulted in decreased levedeanéted pGSN (Fig. 48). This is
suggestivethat theUBb1 integrin signaling pathway is involved in the autocrimediated up

regulation of endogenous pGSN content.
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Fig. 3.3 Extracellular vesicle characterization and CDDP effect on vesicle size distribution.

HGS chemosensitive and resistant cells secrete exos@esnd microparticles(B) as
confirmed by nanoparticle trackin¢C) A2780s and A2780cp cells secrete both exesand
microparticles. OVCA cells were cultured with or without CDDP (10 uM; 24 h). Exosomes and
microparticles were isolated from their conditioned media by ultracentrifugation and
characterized by Nanoparticle Tracking Analy$Brand E) The exosom¢o-microparticle ratio

is higher in chemoresistant cells compared to chemosensitive cells; their concentrations were not
affected by CDDP treatmer(f) pGSN is predominantly identified in the exosomes compared to
microparticles of A2780s and A2780cp; howevaBSN content is higher in the A2780cp cells
compared to A2780s cells. Exosomes and microparticles were isolated as described above and
pPGSN andCD63 (exosome marker) conterissessed by WEBG) Electron micrograph showing

pPGSN in microparticles (mp) andultivesicular bodies/exosomes (mb); white and black arrows
showing pGSN in mp and mb respectively. pGSN in fixed A2780cp cells was immunostained
with 18nm colloidal gold particles, observed and photographed with a Jeol JEM 1230
transmission electron miescope. Scale bars, 500 nm (a), 100 nm (b, c, d, e) and 20 i, (f).

(a; **p<0.01 vs b);E, (a; **P<0.01vs b)] N=3
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Fig. 3.54. pGSNis detectable in both chemosensitive and chemoresistant OVCA cell lines
and could be successfully knockedown (KD) in exosomes from chemoresistant cells. (A)
PGSN in A2780cp cells was transfected with siRNA (50 nM; 24 h) cultured with and without
CDDP (10 pM; 24 h). pGSN knock down was confirmed using WB) Exosomes from the
conditioned media of PA, A2780s, A2780cp and Hey cell lines were isolated and characterized

as previously described. Exosome marker (CD63) and pGSN contents were assessed by WB.
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Akt and H| F Ligdregulation promotes the expression andanti-apoptotic action of pGSN
on CDDP-inducedapoptosis

As observed wiwashlsolpgBlpeaxpresddd ifrthelesistant cells compared
to their sensitive counterpart<CDDP decrease#i | F todtentand induced apoptosis in the
CDDP-sensitive but not resistant ce(Big. 4D).H | F 1 U -rebjolation by SiRNA (200 pmol;
24 h) decreased pGSN content in A2780cp cells and sensitized them teiG@BEd apoptosis
(P < 0.001) (Fig. 4E)We furtheranalyzed the possibility that the expression andapuptotic
action of pGSN may bmediated byAkt and HIFL Triple mutant dominant negative AKDK-
Akt), A2780cpand A2780s cells constitutively expressing an activated AkAKt) and their
respectivecontrol cells with empty vectomsere cultured witrand withoutCDDP (10uM; 24 h)
to examine the regulatory role of Aktkhl F dntd pGSN contents, as well as apoptotic response
to CDDP. Upregulating Akt function in the chemosensitive cellsy forced expression of
activated Akt significantlyi ncr eased content s atfenuatttd ERDP an d
induced apoptosi@=ig. 5A). In contrast Akt downregulaton in the chemoresistant cebly DN-
Akt expression resulted idecreased pGSN aridil F tobtentsand facilitatedCDDP-induced

apoptosigFig. 5B).

CDDP-induced proteasomaldegradation of HIFI Uregulates thepGSN content.
To demonstratdéf ¢ han ge s stabilityknbyFidfluencethe regulation of pGSN
content, we treated A2780s cells wite proteasomabegradationnhibitor epoxomycin (10
nM; 3 hprior to CDDP treatmehtor goH | FCDNA [with the degradation domain mutatéd
Mg; 24 h) and then treatedwith or without CDDP (10 uM; 24 h). I nhi bition of
degradation by Epoxomycin (Fig. »©r forced expression of nahe gr adabl e mut ant

(Fig. 5D)in the chemsensitive cellsesulted inincreased pGSN conteahdattenuated CDDP
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induced apoptosis. Whed | F Was$ downregulatedin the resistant cell§A2780cp) inthe
presence ot-methylPA (10 uM;3h)a phar macol ogi cal i n,p@SNer of
content waseduced antheresistancellswere sensitizetb CDDRinduced apoptosig-ig. 5E)
These findings suggest that CDP#yulates the pGSN conteantd theresponsivenesst OVCA

cells by modul at idegmdagon ot eas o mal HI F1U

Chemoresistantcellsderived exosomesnduce CDDP resistance to chemosensitive OVCA
cells by upregulating pGSNcontents.

We have examined the possibility that pGSN in chemoresistantdegli'ed &osomes
induces CDDP resistance in chemosensitive OVCA c&##1380s, OV2295 and OV4453 (target
cells) were coeculturedwith chemosensitivand chemoresistant OVCA ce{€DDP; 10 uM,;

Fig. 6A), conditioned media (Fig. 6B; 3 ml, 24 h) or exosomes (FigG640 |ug/400,000 cells,

24 h) Chemoresistarderived conditioned media and exosomes induced upregulation of pGSN
content and CDDP resistance in chemosensitive OVCA dellundluorescem studieswith
A2780s (target cells) tagged with PKH26 (redluorophorg and exosomegagged withGFP
indicatedthat exosomeswvere taken up by the cells irrespective of the chemosensitivity of the
OVCA cellsfrom which the spent media or exosomes were derived, indicating that the observed

phenomenomvas not due tdifferential uptake of thexosomes (Fig.B-G).
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Fig. 3.4 The integrin signalling pathway is involved in the autocrine upregulation of pGSN

content by pGSN.(A & B) The U5b1 integrin receptor- block
regulation of pGSN by ERGSN(A) and rhpGSNB). A2780s cells were treated with atiti5 b 1

integrin (40 uM; 3 h) followed by A2780egerived ExpGSN (40 ng/400,000 cells; 24 h) or

rhpGSN (10 uM;24 h).(C) Knockd own of FAK resulted in the do
pGSN contents. A2780s cells were transfected with FAK siRNA1 and siRN2Q pbnol; 24 h)

before culture with A2780cderived ExpGSN (40 pg/400,000 cells; 24 hD) pGSN and

HIF1-U contents were higher in A2780cp cells compared to A2780s cells; CDDP reduced their
content in A2780s but not in A2780cp cells. CDDHBuced apoptosis in A2780cp cells was

higher than that in A2780s cells. A2780s and A2780cp cells were cultured with hmutvit
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CDDP (10 pM; 24 h).(E) HIFI-U si |l encing reduced the <conter
A2780cpcellstoCDDP nduced apoptosis. A2780cp cells we
and siRNA2 (200 pmol; 24 h) before culture with or without CDDP (10 uM; 2p@FEN, FAK,

Hl F 1 U -tebulin (loéding control) contents were assessed by WB and apoptosis determined
morphologically by Hoechst 33258 DNA staining. pGSN levels in the conditioned media were
assessed by sandwich ELIFA, (a; ***P<0.001 vs b, c, d)B, (a; ***P<0.001 vs b, c, d);C,

(a; **P<0.001 vs b, ¢, d)D, (a; ***p<0.001 vs b);E, (a; **p<0.001 vs b)].N =3
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Fig. 35 pGSNme di at ed OVCA chemoresistance i(Avolves

Activation of Akt in chemosensitive cells inc

them resistant to CDDRduced apoptosis. A2780s cells constitutively expressing an activated
Akt (A2780sA-AKT) and its scrambled control cells (A27803L) were cultured with or
without CDDP (10 uM; 24 h)B) pGSNa n d

HI F1U -iaduced decr e

contents
apoptosis enhanced in chemoresistant cells when Akt function isdguiated. A2780cp cells
constitutively expressing triplenutant dominant Akt (A2780ePN-AKT) or scrambled control

(A2780cpCTL) cultured with or without CDDP (10 puM; 24 hjC) Inhibition of proteasomal
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degradation of HI' F1U in chemosensitive cell s
CDDP-induced apoptosis. A2780s cells were-peated with epoxomycin (10 nM; 3 h) and

cultured wth or without CDDP (10 uM; 24 h) in the presence of the inhibi{®y) Forced

expression of a proteasomal rdre gr adabl e mut ant of HI F1U inc
inhibits CDDRinduced apoptosis in chemosensitive cells. A2780s cells were transfected with

@HI F1U ¢cDNA (1 Og; 24 h) and tr e¢)leddctiondft h or
proteasomal HI F1U degradation in chemoresist:
them sensitive to CDDhduced apoptosis. A2780cp cells were-peated wih the proteasome

activator tmethyl PA (10 uM; 3 h) and then cultured with or without CDDP (10 pM; 24 h) in

the presence of t he a dubdlinv ((joadmg contrg)Genkéents were F 1 U
assessed by WB and apoptosis determined morphologicalljobghst 33258 DNA staining.

[A, (a; ***p<0.001 vs b); B, (a; ***p<0.001 vs b); C, (a; ***p<0.001 vs b); D, (a; ***p

<0.001vs b)E, (a; ***p<0.001 vs b)]. N = 3.
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These findings suggest that chemoresistant -delived EXs are capable of inducing
CDDP resistance in chemosensitive OVCA cells. The exosoawated induction of resistance
in chemosensitive cells was markedly suppressed when the pGSN in the exosomes isolated from
chemoresistant cells was knocked doaiRNA; 50 nM, 24 ). This suggestthat the attenuation
of CDDP-induced apoptosis in the chemosensitive cells was a result of pGSN in the exosomes
from chemoresistant OVCAells (Fig. 6G). In reciprocal studies (as control experiments),
exosomes from chemosensitive cells failed to aher responsiveness of chemoresistant cells
(A2780cp) to CDDP (Fig. S5A). In addition, to validate the above p@&fé&tt, we knocked
down pGSN (siRNA) in A2780cp cells (target cells) armicultured with EXpGSN from
A2780s and A2780cp cells before CDDP tmeent (10 uM; 24 h). pGSNcontent in pGSN
depletedA2780cp cells was restored after -cdgture with exosomes derived from
chemoresistant but not chemosensitive cells; the former response was associated with significant
attenuation of CDDfnduced apoptosis (Fig. S5B).

In order toi nvestigate whet her -inddctod of p@siNdweat e s
exami ned by ChlP assay the potenti al transc
expression in A2780s and A2780cp cells treated with or without CODP NI AR h; Fig 6H)
and ExpGSN Fi g 61 ) . HI F1U binding to the pGSN D
chemoresistant OVCA cells compared to their sensitive counterparts (Fig. 6H). Although CDDP
treatment failed to significantly decrease HI
signi fi cant apoptosis was observed (Fig. 6 H) . C
chemoresistant cells although that was not significant (Fig. 6H); a response that was associated
with attenuation of CDDnhduced apoptosis. Chemoresistant edésved exosomes enhanced

H 1 F binding to the pGSN promoter in the chemosensitive cells; CDDP treatment failed to
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induce apoptosis in these cells (***p < 0.001) (Fig. 6l). Taking together, our findings suggest

significant evidence to support a direct regutatole ofH | F dnpGSN autanduction.

DISCUSSION

Although pGSN has been implicated in various inflammatory disordejsries and
bacterial infectionS, whether and how it is involved in the regulation of chemosensitivity in
OVCA is not known Our present study has demonstrated that pGSN levels are higher in
chemoresistant than chemosensitive OVCA cells and are reduced in the presence of CDDP in the
sensitive but not the resistant cefisvitro. Gain and lostof function studies support thtion
that pGSN confers CDDP resistance in OVCA cells. Secreted by exosome, pG8jllapes
its own expressi eFAK-AKi-Hal Fdigdalingpmthwiay andinhibits CHDP
induced apoptosis. pGSN in chemoresistant ckdlived exosomes indes resistance in
chemosensitive cellshrough exosomal uptake and the upregulation of pGl&Naddition,
increased expression of pGSN in ovarian cancer patients significantly correlateshovitned
progressioffree survival

To our knowledge, the praste communicationis the first report on pGSN gene
expression in human cancer patients and their application for predicting clinical outcomes.
Suboptimal surgical debulking is a key determinant of tumour recurrence and chemoré8istance

hencewe examined its aesiation with pGSN expression.
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Fig. 3.6 Chemoresistantcellsi er i ved exosomes enhance HIF1U bi
region and induces CDDP resistance in chemosensitive OVCA cel(®) Chemosensitive

OVCA cells (target cells; OV4453, OV2295) wereadtured with chemoresistant OVCA cells
(OV90, OV866 (2)), chemosensitive OVCA cells (OV2295) and p&8obLtked down OV866

(2) cells followed by CDDP treatment (10 pum; 24 h). Chemoresis2vi®(Q and OV866(2)) but

not the chemosensitive OVCA cells conferred CDDP resistance to chemosensitive OVCA cells.
0OV866 (2) cells whose pGSN was knocked down failed to protect OV4453 and OV2295 against
CDDP-induced apoptosigB, C) Conditioned media and esomes from chemoresistant OVCA

cells but not the chemosensitive cells increased pGSN content and conferred CDDP resistance to
chemosensitive cells. A2780s cells were treated with conditioned mggdia ml; 24 h) or
exosomes @-G, 40 pg/400,000 cells; 24) derived from cultures of A2780s, PIA Hey,
0OV2295, OV866 (2), OV90 and A2780cp cells and then cultured with or without CDDP (10
MM; 24 h). Exosomes were tagged with pCD63-GFP (1 pg; 24 h) and their uptake by
recipient cells (A2780s, labeled with PRBired fluorescent dyes) was assessed b{eland F)
Exosomes from chemoresistant cells depleted of pGSN failed to upregulate pGSN content and
facilitated CDDRinduced apoptosis compared with exosomes with pGSN. Exosomal pGSN
from chemoresistant OVCA dslconfer resistance in OV2295 and OV4453 cé(®. A2780s

cells were cultured with exosomes (40 ug/400,000 cells; 24 h) derived from A2780s, A2780cp
and A2780cp following pGSN knoettown (A2780cppGSNKD) afterwhich they were treated

with or without CDDP( 1 0 O M; 2 4  h-ubulin gdat®s (leadiry cdmtrol) were
examined by WB(H) H1 F-pG$N promoter binding is higher in A2780cp than A2780s cells.
A2780s and A2780cp cells were cultured- with

pPGSN promoter biding was assessed by CHIP asggyChemoresistant celderived exosomes
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i ncr eas ®GSN Iplerotér binding and attenuate CDiDBuced apoptosis in
chemosensitive cells. A2780s cells were cultured with A2780cp-adetiged exosomes (40
Hg/400,000 ced ; 24 h) and then cultured wi tpGSNr
promoter binding was assessed by ChiR.(a; ***p < 0.001 vs b);B, (a; ***p<0.001 vs b and
c); D, (a; ***p<0.001 vs b and c)E, (a; **p<0.001 vs b); F, (a; **p<0.001 vs b); G, (a;

***P<0.001 vs b);H, (a; *P<0.01 vs b);l, (a; *P<0.01 vs b)] N = 3.
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Fig. 3.S5. Chemoresistant cellslerived exosomes induce CDDP resistance to pGS{\D -
chemosensitive OVCA cells(A) Chemosensitive cells (A2780dgrived exosomes did not alter

CDDP responsiveness in A2780cp cells. Exosome uptake was assessed by IF and apoptosis
analysed morphologically using Hoechst DNA stainirf§) pGSN content in A2780cp
previously treated with siRN (A2780cpKD-pGSN) was upregulated after being treated with
A2780cpderived exosomes, a response associated with attenuation of-@Bdfed apoptosis.
A2780-KD-pGSN cells were treated with exosomes (40ug/400,000 cells; 24 h) derived from
A2780s and A278p cells before CDDP treatment (0 anq@@; 24 h).Exosome uptake, pGSN
content, b-tubulin (loading control) as well as CDB#Rduced apoptosis were assessed as

previously describedA, (a; ***p<0.001 vs b)].N =3
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Our observationindicates that elevated expression of pGSignificantly correlate with
poorer PFS in serous OVCA patients as well as those with suboptimal surgical debulking
irrespective of chemotherapeutic compositiBir.S is suggestive of the time frame for tumour
recurrenc®? and directly reflects the biology of the tumour henplays a key role in
chemoresistanceVi t h  t he medi an survi val kelyhe patiente d i n
under study are largelglinically platinum sensitive (PFS of at least more than 6 montlag3.
of effective palliative treatmenexist to manage this patient group thus, not surprising that no
significant OS differences postecurrencewas observedThis could in part explain why the
levels of pGSNassociate with a relatively minor impact on PF8evalue of the marker could
help to stratify different levels of platinum sensitivities to further refine treatment
recommendations and used a prognostic marker for counselliagd follow up of these
patients. In patient cohorts with more resistant tumours, pGSN is likely to have a major impact
on PFS and thus could therefore serve as a potential therapeutic candidate for further ncechanisti
studies which could provide information to enhance patient survival. When serous patients were
combined with endometroid patients, clinical significance was only observed in those treated
with taxol and platinum derivatives. This observation is congist&h the heterogenous nature
of OVCA cells and combinational treatments are more beneficial to OVCA patients than
platinum aloneAlthough this observation is the first for pGSNisitin support of the notion @t
prognostic significance of total GSNession in pancreatic canc&rgynecological cancets
colorectal cancet? and heaeandneck cancefd. The findings in these clinical datasets are
consistent with the obervation that chemoresistant OVCA cells express higher levels of pGSN

compared to their sensitive counterparts. The expres$§ip@SN at diagnosis could therefore be
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used as gossiblepredictive marker for patient outcomes as well agogential target for
personalized therapeutits chemoresistant OVCA

Exosomal transport have emerged as key mechanism -afetieiommunictions " *®and
with its secretiomof Annexin A3, miR200b andmiR-200c significantly associated with FIGO
stagé®, lymph metastasi® and platinum resistante Cancer associated adipocytes and
fibroblasts secrete exosomal mR which attenuates CDBRduced apoptosis and promotes
CDDP resistance in ovarian cancer cells by targeting ABAFNAV3 is also a targetof
exosomal miR21-3p in promoting CDDP resistari¢esuggestingin important role of exosomes
in cell-cell communication in the development of drug resistance in a plethora of cancers,
including ovarian cancer. Regardless, targeting these deasegielded no improvement in
patient survival. There is ¢nefore the urgent need to investigate other exosuetiated
mechanisms that could play an etiologic role in CDDP resistance. Here, we demonstrate a novel
mechanism through which exosomal pGSN induces CDDP resistance in ovarian cantsr cells
upregulating pGSN contemm chemosensitive OVCA cells. The secretion of p&®MNtaining
exosomes by chemoresistant OVCA cells may represent an interesting opporturtiyuatat
CDDP resistance in OVCAy inhibiting the transfer of exosomal pGSN. Unlikéher proteins
and nucleic acid83**, pGSN promotes its own expression through exosomal transport, thus
making it a unique and reliable candidate for therapeutic targistnovel phenomenon could be
exploited to reversthe sensitivity of chemoresistanct cells.

Aside the exosomahediated paracrine role of pGSN in CDDP resistance, exosomal
pGSNcanactinnlaut ocri ne manner to induce its own ex
previous r epor t grn eipressioneisasiyeifitantly GsBotiated withéncreased

OVCA progression, residual disease, surgical stage and drug resi$tancereased secreted
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phosphoprotein 1 (SPP1) al so activated i nte
proliferation, migration and invasidh Although pGSNi nt er acti on wi th U5b1
fibronectin has been shown in vivo assay’, how this receptor signals in pGShHuced
chemoresistance in OVCA cells is yet to be demonstrated. Results from the current study support
the hypothesis that high levels of exosomal pGSN-autoce endognous pGSN contents and
promote CDDP resistance in OVCA cells by act
ti me, we have shown that exosofmhI| i pPtGSANr iamds ir¢
cascade, induce endogenous pGSN conterasd inhibit CDDP-induced apoptosis in
chemosensitive cells. This autocrine signaling cascade serves as a positive feedback mechanism
to increase pGSN production, thus resulting in the resistance of the cells to CDDP. This
phenomenois consistent with the observationn at OVCA patients with in
expression respond poorly to treatmiéftand support the notion that
expression together with abundant supply of pGSN could fuel the proposed positivacteed
mechanism of pGSN and protects cells from CEBdical cell death. Antagonising tHé 5 b 1
integrin could also provide therapeutic benefits to patients since its binding to potential ligands
such as pGSN, osteopontin and SPP1 will be abrogated. Cantbyridocking the release of
exosomal pGSN and other ligands that stimuate this signaling cascade in a similar manner could
provide additional therapeutic advantages.

Since U5bB1 integrin is known to be mediat
includ ng FAK/ ERK/ MAPK, -datani/ aNdFRAR/Crk/JW&d ¢ it i$ possible
that these pathways might be affected and thus the fate of thevbeid) 561 i nt egr i n ac
is suppressed. These possibilities need to be investigated. Moreover, the possibility that the target

cells for pGSN could take ugxosomal pGSN via receptdependent andindependent
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endocytosis to modulate their cellular fate could not be excluded and is a subject for future
investigation (Fig. 7).

The activation of U5b1 integrin cascade b
|l evel s of HI F1U content. Al t h-expression is aissociadd | e st
with OVCA tumour aggresiveness, progression and metaStdsis i nhi bi ti ng HIF
therapeutic option has yielded no sucted@revious study detected by-precipitation suggées
that HIF1U binds to gelsolin complex although
been establishéi We have demonstr atdewh decreasds thél toRtdntUof k n o ¢
pPGSN and sensitizes chemoresistant cells to CiidRced death. Taking together, we
hypohesized that autmductionofp GSN i s medi ated via HIF1U. We
HI F1pPpGs8N DNA promoter region in OVCA cells an
PGSN promoter and is involved in pGSituced pGSN expression/secretibhl F dctlpancy
was higher in the chemoresistant cells compared to their sensitive counterpara &vViess
Al t hough HIF1U occupancy was not significant/
cells, it was enough to induce apoptosis in these cells. Chemoredstaetd exosomal pGSN
however,i ncr e a s ebidingdih Eheribsensitive cells wh rendered them resistant to
CDDPi nduced d-e@SNindindgdrhdifd ate currently being investigated to develop
inhibitors that will distrupt their interaction and reduce pGSN production and increase
responsiveness to CDBIRduced death.

In the present study we further investigated the role of Akt in p&&diated OVCA
chemoresistance. We and others have previously demonstrated the the important role of Akt in
cell survivaP***? protein synthest&*>and cell cycle progression and proliferafiH, although

whether Akt activation regulates pGSN production is not knawnregulating Akt functionn
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the chemosensve cells significantly increased pGSN and HIFtontents and attenuated
CDDP-induced apoptosjgesponses not observed in the resistant cells when Akt function was
downregulated. In contrast, Akt activation in chemosensitive cells promotesUriiEtiatel
autoinduction of pGSN and CDDP resistance. These findings are consistent with the
observation that cancer patients with increased Akt activation respond poorly to
chemotherapeutic agents and have worst survival outédf&linical trials with Akt inhibitors
are currently in progress to determine its therapeutic efficiency in patients with chemoresistant
OVCA** although the role of pGSN remains uncertain. There is currently no evidence to
indicate HIFUis a substrate of Akt argkquence analysisof HIFU i ndi cates the ab
consensus sites We therefore envisage that Akt activates HIF1 i ndi rectly via o
such as CkiSer247, G S8e&b62!, CKII-Thr796", Erkl-Ser64%" and PKASer643’,
possibilitiesworthy of future investigation.

In conclusion, we have shown for the first time the dual functions of pGSN and that
pGSN tranported via exosomes is a determinant of chemoresistance in OVCA cells. We have
demonstrated that the autocrine action-of exo
H| F-mediated autinduction of pGSN, a response promoted by Akt activatiwhrasulted in
CDDP resistancéFig. 7). In addition, chemoresistant cetlerived exosomes confer CDDP
resistance in a paracrine manner to otherwise chemosensitive OVCA cells by increasing
endogenous pGSN contenthese findings support our hypothegisat exosomal pGSN
promotes cancer cell survival through both autocrine and paracrine mechanismsnaioss
resistantphenotype in theehemosensitive cell§Fig. 7A). To our knowledge, this is the first
study to demonstrate tihmtte prGSMN F AsK/iAkwvtd IH eFdl Ui/ |

cascaddFig. 7A). Further studies are however, needed to examine other mechanisms that could
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be potentially implicated in pGShediated chemoresistance (Fig. 7B). It is also possible that
PGSN bound t ocouldbeirternalinetl ang exosorpabSN released and secreted

via transcytosis (Fig. 7B). pGSN could also be released from the exosomes in the cytosol and
trigger signaling cascade resulting in pG8idiated chemoresistance (Fig. 7B). Cancer cells
may alsouptake exosomgdGSN in a receptandependent manner, release pGSN into the
cytosol to activate chemoresistant signaling pathways (Fig. AlB)ough increased expression

of pGSN in the ovariatumourmicroenvironment correlates with poorer survival, thiee it has

a suppressive effect on atdimourcells is currently under investigatiofxosomal pGSN could

be a clinically useful prognostic marker in the tumour microenvironment as well as offer novel

insights into developing individualized treatmentsdbemoresistant OVCA patients.

MATERIALS AND METHODS
Ovarian Cancer Survival Analysis.pGSN gene expression analysis was performegriomary
ovarian cancedatasetsising the 200696 _s_at probe specific for pPGSN (Supplementary Table 1)

available publicly onvww.kmplot.conf? Patients were stratified using the following clinical

parameters: histological subtypes (serous; serous and endometroid), treatments containing either
platinum agents or platinum and taxol derivatives and suboptimal surglmalkihg. Kaplar

Meier survival analysis was used to correlate pGSN gene expression with progression free
survival (PFS)and overall survival (data not shownying optimal cubffs in each case.
Statistical parameters were calculated byragk. Beeswarnplots were used to visualize gene

expressionn each stratified parameter.
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Fig. 3.7 Hypothetical models illustrating the autocrine and paracrine mechanisms of Ex

pGSN in OVCA chemoresistance. (A) Chemoresistant cells (CRlerived ExpGSN
autoregulates its own gene expression and induces CDDP resistance in chemosensitive OVCA
cells (CS) i n a paracrine manner by activat
pathway. (B) Aside the direct activatin of t he U5b1/ FAK/ Akt / HI F1U/ p
it is also possible that exosomal pGEN6 b1 i ntegrin could be inter
release of pGSN which further activates (2) signaling cascades resulting in chemoresistance.
Upon internaliziion, exosomapGSN could be released from the endosomes and secreted via
transcytosis (3); a phenomenon that could propel the autocrine and paracrine mechanisms
described in fig. 7A. There is also the possibility that exosgu@8N could be uptaken and

pPGSN released to activate (4) signaling cascades resulting in chemoresistance.
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Kmplotter Analysis. We interrogated all data sets available on kmplotter using only the
200696_s_at probe regardlesstamour stage, grade or p53 statuses. This probe specifically
targets 11 sequences on the transcript variant 1 (mRNA) of GSN isoform a ;(pGSN
Supplementary Table) but not any other isoforrfSupplementary Table 2)sing the optimal

cut off point, the patients eve dichotomized into low pGSN and high pGSN groups with no
specific followrup threshold selected. The analyses were restricted to either serous or all (serous
+ endometroid) histological subtypes available. All databases were included in the analyses with
biased array excluded. The analyses were limited to patients treated with either platinum or
platinum + taxol. Unless otherwise stated (suboptimal debulking), all patients who underwent
debulking surgery were included in the analyses regardless of tidealedisease. Patients

surviving over the specific thresholds were censored instead of being excluded.

Reagents. Cis-diaminedichloroplatinum (CDDP) phenylmethylsulfonyl fluoride (PMSF),
aprotinin, dimethyl sulfoxide (DMSO), sodium orthovanadate;¥/la) and Hoechst 33258
were supplied by Sigmgbt. Louis, MO) GSN siRNA and scrambled sequence siRNA (control)
were purchased from Ambion (Burlington, Canada) and Dharmacon (Colorado, USA)
respectively.coH | FcDNA was purchased from Addgene (Cambridge, USA®nethytPA,
PKH67 and PKH26 Fluorescent Cell Linker Kits ae@oxomycinwere purchased from
MilliporeSigma (Canada)s i RNAs f or FAK, lafdltHeirsaambled sequence siRNA
(control) were supplied from Santa Cruz (Mississauga, Canada). Recombimmaah lplasma
gelsolin (rhpGSN) was purchased from Cytoskeleton, Inc, &SN cDNA and 3.1A vector
plasmidswere produced in the lab of Dr. DBin Shieh, National Cheng Kung University
Hospital, TaiwanpCT-CD63GFP was purchased from System Biosciencés;.LATN 161

was from R & D Systems (Minnesota, USA). Sandwich pGSN ELISA kits were from Aviscera
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Bioscience, Inc. CA. See Supplementary Tables 4 afat 8Betails on antibodies and pGSN
specific siRNA sequences, respectivelfhe Dominant negative Akt (DXkt) and
constitutively active Akt (AAkt) adenoviruses were generous gifts from Dr. Kenneth Walsh
(Boston University School of Medicine, Boston, MA) and have been routinely used in our
laboratory**®> The DNAKt is a triplemutant with a dea#tinase [with an alanine at the Thr308
and Ser473 (required in phosphorylation for Akt activafisfiand at Lys179 (within the kiase
domain and required for phosphate traréfeiThe active Akt is a meristoylated AktThe
availability HA-tagged DNAkt and HAtagged AAkt virus allows for easy confirmation of

their expression by western blot.

Cell Lines and Cell Culture. Chemosensitiveand chemoresistant OVCA cell lines of high
grade serous (HGS) and endometroid histologic subtypes and with various p53 status were tested
in the present studies: HGOV2295 (p53mutant sensitivg, OV4453 (p53mutant sensitive,

OV0 (p53mutant resistant OV866(2) (p53mutant resistant Hey (p53wt, resistanf and
Endometroid A2780s (p53wt, sensitivg, PA-1 (p53wt; sensitivg, A2780cp (p53mutant
resistant),SKOV-3 (p53null, resistanf. The OVCA cell lines were cultured in Du#bc c 0 6 s
modified Eagle medium (DMEM)/F12 and RPMI 1640 as previously repgbtiedall
experiments were carried out in serin@e media. See supplementary Tabldo8 details on

cells.

RNA Interference. Cells were transfected (8200 nM, 24 h) with siRNAs for total GSN
[ (Ambi on and Dhar ma Santa CrujHor thelir $crambledl coRtmlising(
lipofectamine 2000and were subsequently treated with CDDP (10 uM; 24 h)hamgested for
analysis, as previously descriB&d siRNA against total GSN targets the C terminal region

which is shared by both cGSN and pGSN. However, siRNA against pGSN specifically targets
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and degrades pGSN mRNA without affecting that of cGSN. Twderéiit SiIRNAs
(Supplementary Table 5) were used for each target to excludargét effects. Successful
knockdown was confirmed by Western blottihhdSee Supplementary Tablefdr details on

antibodies).

Transient Transfection. Cellswer e transfected with pe&®N and
vectors (empty vector as controlg$inglipofectamine 2000and were then cultured with CDDP
(10 pM; 24 h) and harvested for further anal§/8is> Successful overexpression was confirmed

by Western blotting (See Supplementary Tabdaantibodies).

ChIP Assay.Chromatin immunoprecipitatiofChlP) assays were performed on human ovarian
cancer cellsas previously describdd The antibodies andrimers used for verifying the
occupacy of HIFla on thepGSN promoterare shown in the Supplementary Tableandl 6,
respectively Sequence3000 base pairs upstream of TSS was analyzed for potential promoter
and based on the score of the promoter strength, primers were designed to deé#dfhine

binding Supplementary dble6).

Extracellular Vesicle Isolation and Characterization. Serumfree conditioned media from
cultured cells were used for extracellular vesicle isolation and characterization, as d¥scribed
Total EV concentration was determined by BCA Protein Assay Kit (Thermo Fisher Scientific).
When fresh exosomes (40 ug/400,000cells) were not required, they were suspended in PBS and

stored at80°C for subsequent analysis.

Nanoparticle Tracking Analysis (NTA). EVs in PBS were analyzed, using tAetaView

PMX110 Multiple Parameter Particleacking Analyzer (Particle Metrix, Meerbusch, Germany)
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in size mode using ZetaViewoftware version 8.02.2&s previously describ&d® EVs were

captured at 11 cameepositions at 2C and pellet size and concentration evaluated.

Transmission Electron Microscopy (TEM). OVCA cell were pelleted (4000 g; 20 min) and
processed, as previously describedResin gctions were stained with uranyl acetate and lead

citrate solutions and examined witleol JEM 1230 transmission electron microscope (Japan)

Immunoelectron Microscopy (iEM). Cell pellets (4000 g; 20 min) were processed as
previously described The grids were washed three times in PBST, immunostained with anti
pGSN antibody (Supplementary Tablg rinsed in distilled water, stained with uranyl acetate
and lead citrate, and photographeth a Jeol JEM 1230 transmission electron microscope

(Japan).

Exosome Labeling, Uptake and Fluorescent Microscopybonor cells were transfected with
pCT-CD63GFP to label the exosomes (1 pg; 24 h) while recipient cells were labeled with
PKH26 redfluorescent dyes (Sigmaldrich, MO), as previously describ®f® Nuclei were
counterstained with DAPI, cells were mounted onto coverslips and exosome uptake examined, as

previously described>®

Protein Extraction and Western biot Analysis. Western blotting (WB) was carried out as
previously describe®*® Membranes containing transferred proteins were incubated with
primary antibodies (1:1000) in 5% (wt/vol) Blotto and subsequently with the appropriate
horseradish perosase (HRRfonjugated secondary antibody (1:2000) in 5% (wt/vol) Blotto
(Supplementary Tablé for details on antibodies). Peroxidase activity was visualized on a film
with the Enhanced Chemiluminescent Kit (Amersham Biosciences) and signal intensity
denstometrically determined (Image J software).
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ELISA. pGSN contents in ceffee conditioned media and lysates from OVCA cells were
assayed by sandwich ELISA (Aviscera Bioscien

instructions.

Assessment of ApoptosisCDDP-induced apoptosis was assessed morphologicallysing
Hoechst 33258 nuclear stain. Using a random selection of fieldsimum of 400 cells with
typical apoptotic nucleamorphology (nuclear condensatj@hrinkageand fragmentatiornyere
counted in eachgroup and expressed as the percentafetotal cells AiBl i ndedd coun

approach was used to prevent experimental bias.

Statistical Analyses Results are expressed as the mean = SD of at least 3 independent
experiments. Statistical analysis was carried out by onéwo-way ANOVA and differences
between multiple experimental groups was determined by Bonfgoasthoc test, using the
PRISM sdtware (Version 7.0; GraphPad, San Diego, CA). Statistical significance was inferred
at p < 0.05. Statistical parameterf®r KaplanMeier survival analysisvere calculated by leg

rank
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Supplementary Table3.4: Antibodies used in the present studies

Primary Antibodies

Secondary Antibodies

Application | Target Antibody Company Catalog # Dilution Antibody Conjugate Company Catal | Dilution Note
og #

wB pGSN Anti-pGSN Goat | Antibodies ABIN1019662 1:1000 Dnk HRP Abcam Ab97 1:2000
polyclonal online(Atlanta, polyclonal to (Toronto, 110

USA) Goat IgG Canada)

wB cGSN Anti-GSN mouse| MilliporeSigma | G4896 1:1000 Goat Anti HRP Bio-Rad 170 1:2000

monoclonal (Oakville, mouse IgG (Mississauga,| 6516
Canada) (H+L) Canada)

wB I LCM Ant-l LCwmh MilliporeSigma | H6536 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
mouse (Oakville, mouse IgG (Mississauga,| 6516
monoclonal Canada) (H+L) Canada)

wB CD63 Anti-CD63 Abcam Ab193349 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
mouse (Toronto, mouse IgG (Mississauga,| 6516
monoclonal Canada) (H+L) Canada)

wB FAK Anti-FAK mouse | MilliporeSigma | 396500 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
monoclonal (Oakville, mouse IgG (Mississauga,| 6516

Canada) (H+L) Canada)
wB HA Anti-HA mouse | SantaCruz Se805 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
monoclonal (Mississauga, mouse IgG (Mississauga,| 6516
Canada) (H+L) Canada)
WB i- Anti- 1 -tubulin MilliporeSigma | SAB4200715 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
tubulin | mouse (Oakville, mouse IgG (Mississauga,| 6516
monoclonal Canada) (H+L) Canada)

ChIP I LCwM Anti-1 LCmh MilliporeSigma | H6536 5ug N/A Used
mouse (Oakville, in Fig.
monoclonal Canada) 6H.

ChiP I LCM Ant-l LCwmh Novus NB100105 5 ug N/A Used
mouse Biologicals in Fig.
monoclonal (Oakville, 6l.

Canada)

iEM pGSN | Anti-pGSN ABGENT (San | AM1936a 1:100 Goatanti- Colloidal Jackson (PA, | 115 1:50
mouse Diego, US) mouselgG gold USA) 215
monoclonal 068
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Supplementary Table3.5: Customized siRNA oligonucleotide duplexes

Product Target Species Company Catalog # Target sequence Anti-sense sequence Position on mRNA
siRNA 1 pGSN Human IDT (lowa, USA) N/A GCGACCCGAGGCCGCGG|  AGCCGCGGCCUCGGGUC 12
siRNA 2 pGSN Human IDT (lowa, USA) N/A UGCCCGAGGCGCGGCCC| UUGGGCCGCGCCUCGGG 192
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Supplementary Table3.6: primer sequences for amplifying the gelsolin promoter.

HIFla_pGSN FP:GGCCCATGTATATGTCCTGA

HIFla_pGSN RP:AGTTTGGGCTTCAGCAACAG
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ABSTRACT

Although initial treatmentof ovarian cancer (OVCA) is successful, tumors typically
relapse and become resistant to treatment. Due to poor infiltration of effector T cells, patients are
mostly unresponsive to immunotherapy. Plasma gelsolin (pGSN) is transported by exosomes
(SEV) andplays a key role in OVCA chemoresistance, yet little is known about its role in
immunosurveillance. Here we report the immunomodulatory roles ofgESN in OVCA
chemoresistance. In chemosensitive conditions, secretion ep&SN was low, allowing for
opt i mal CD8+ T cell function. This resulted in
intracellular glutathione (GSH) production and sensitized chemosensitive cells to cisplatin
(CDDP}induced apoptosis. In chemoresistant conditions, increaseetisacof SEVpGSN by
OVCA cell s induced apoptosis in CD8+ T cells.
in high GSH production and resistance to CBD&uced death in OVCA cells. These findings
support our hypothesis that sEMGSN attenuates imunosurveillance and regulates GSH

biosynthesis, a phenomenon that contributes to chemoresistance in OVCA.

SIGNIFICANCE

Findings provide new insight into pGSNediated immune cell dysfunction in OVCA
chemoresistance and demonstrate how this dysfunction k& exploited to enhance

immunotherapy.

KEY WORDS: Plasma gelsolin, ovarian cangersplatin (CDDP), chemoresance, CD8+ T
cells
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INTRODUCTION

Ovarian cancer (OVCA) is the fifth most commonly diagnosed but most fatal
gynecological cancer worldwide. In the US, one out of 95 women will die as a result of OVCA.
Ovarian cancer originating from the epithelial cells comprises of 90% of all repories ayad
approximately 70% of these are high grade serous subtype ({>3he standard treatment for
OVCA is a combination of cytoredtiee surgery and chemotherapeutic treatment with platinum
and taxane derivativegl). Although treatment is initially efficient, the tum relapses and
become resistant to treatment. The mechanisms involved in OVCA chemoresistance are multi
factorial with mutation of tumor suppressor genes, activation of oncogenes, dysregulation of
apoptotic signaling and immusseippression playing key es(2). OVCA is considered a cold
tumor hence has poor immune cell infiltration. Thus, immunotherapy is relatively ineffective to
date(3-5). There is still more to learn about the molecular contributors to chemoresistance in
OVCA to afford new diagnosis and treatment.

The tumor microenvironment (TME) is a strong contributing factor for chemoresistance
(2). Both cytolytic(CD8+, CD4+, granzyme b,and IFN) and s uplpile, €B826«w e ( PD
FoxP3+ TFregs, PDL1+ and CTLA}) subsets are docalized in OVCA, resulting in an
immunological stalemate and net positive association with sur(®a). Thus, multipronged
approaches for immunotherapy are needed for effectiveness and should be tailored to the
baseline features of the TME. Although colamelanoma and lung cancer patients respond well
to immunotherapy, OVCA patients are unresponsive due in part to the coldness of @QMVZA
6). There is tha an urgent need to explore and target novel pathways responsible for the
coldness of OVCA in order to make them more receptive to the immune system to enhance the

efficacy of alternative immunotherapies.
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Plasma gelsolin (pGSN) is the secreted isoform of the gelsolin (GSN) gene and a
multifunctional actin binding protei7, 8) Total GSN forms a complex with Fassociated
death domaiike interleukin1bi converting enzyme (FLICH)ke inhibitory protein (FLIP) and
Itch which regulates caspa8eactivaton and chemoresistance in gynecological cancer (&lls
10). Small EVs (sEVs; mostly called exosomes) are vesicles of approximat&§030n in size
and formed within endosomes by membrane invaginations, whereas large EVs (IEVs; mostly
called microvesicles) range from 0.1 to 1.0 um and are produced by membrane blebbing by cells
under stresg11, 12) We have previously demonstrated that pGSN is highly expressed and
secreted in chemoresistant OVCA cells compared to its chemosensitive coun{@®)ap&SN
is transported via exosomes (SEVs) andragulates HIFIi mediated pGSN expression in
chemoresistant OVCA cells in an autocrine manner, and confers cisplatin resistance in otherwise
chemosensitive OVCA cell§l3). We hae also shown that elevated circulating pGSN is
associated with higher levels of residual disease after surgery and allows for detection of early
stage ovarian cancét4). However, little is known about its interaction with immune cells in the
tumor microenvironment (TME). Whether pGSN contributes to imnmsureeillance escape in
the tumor microenvironment remain to be examined.

Glutathione (GSH) and the nuclear factoyteroid 2related factor (NRF2)lependent
genes help to maintain homeostasis in normal cells but can also provide a huge advantage to
cancer cells to become CDDP resistant and escape imsauvellance (1517). NRF2
activation results in elevated levels of intracellular GSH which inactivates and efflux toxic
therapeutic agents from cancer cells as well as increase DNA (&pdir). However, it has not
been demonstrated if and how pGSN induce GSH production in OVCA cell lines. Also, as to

whether NRF2, an antioxidant transcription factor, is involved is yet to be investigated in the
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context of pGSNmediated OVCA chemoresistand@8). NRF2dependent genes such as
cystine/glutamate transporter (xCT) and glutantgfseine ligase regulatory subunit (GCLM)

are associated with drug resistance in ca(i®f0). xCT is a membrane amiraxid transporter

that regulates the flux of cysteine and the efflux of glutamate. GCLM regulates the first step of
GSH synthesis from Lysteine and iglutamate. Although suppressing GSH biosynthesis has a
potential of enhancing tumor killing, no significant clinical advantage has beewedt(ié-17).
Exogenous pGSN treatment increases GSH levels in the blood which mitigates radiation induced
injury in mice (21) although the exact mechanism has not been investigated. As to whether
pPGSN regulates GSH biosyntlesis not known. The purpose of this study is to investigate the
immuncinhibitory and GSH regulatory role of pGSN in OVCA chemoresistance.

We hypothesized that increased pGSN will suppress CD8+ T cell function as well as
promote GSH production, an outne that contributes to OVCA chemoresistance. For the first
time, we report in this study that in chemosensitive condition, OVCA secrete low levels-of SEV
pPGSN which is unable to suppress the functions of CD8+ T cells. Thus, optimal secretion of
| FNo ts thehpgroduction of GSH in OVCA cells. In chemoresistant conditions, increased
pPpGSN promotes NRF#ependent production of GSH in OVCA cells as well as caspase

dependent apoptosis in CD8+ T cells.

MATERIALS AND METHODS
Ethics Statement and Tissu&ampling

A written informed consent was obtained from all subjects. The study was conducted in
accordance with the appropriate guidelimeg pr oved by t he Centre hospi

Montreal (CHUM) Ethics Committee (IRB approval number; BBOD®) and the Ottawa Health
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Science Network Research Ethics Board (IRB approval number; GREB 199954601H).

Normal and tumor tissues were collected from OVCA patients receiving treatment from 1992 to
2012 at the CHUM, Montreal. 208 formatiixed paraffirembedded HGS and unverified
OVCA tissues as well as 14 normal fallopian tube samples in duplicates were used to build a
tissue microarray (TMA), as previously descril§2d). Details of patient population are outlined

in Supplementary Table S1 Patients were diagnosed, tissues examined and clinical data

gathered as previously descri@@).

Interrogation of OVCA public datasets
Two (2) ovarian serous cystadenasaoma datasets publicly available on chioportal

(https://www.cbioportal.org/ were interrogated: TCGA, Nature 2011 (n=489) and TCGA,

Firehouse legacy (n=530). The mRNA expression patterns of pGSN (GSN), NRF2 (NFE2L2),
xCT (SLC7A1l1), GCL M, Il FN2 (I FNG) , granzyme
evaluated in each patient and presetit as heat maps. Pearsond and
were performed to assess the association between pGSN and the other genes. Significant

correlations were inferred &0 0. 05 .
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Supplementary Table4.1. Epithelial expressions of markers in @ CA patients

Variable Number of Patients Median survival (months

Stage (FIGO)

1 13
2 20
3 153
4 22

Residual disease (RD)
O 1 cm 86
>1cm 109

Overall Survival (OS) 49
Alive 37
Deceased 162

HGSC, high grade serous carcinoma; FIGO, International Federation of Gynecology and

Obstetrics
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Immunofluorescence (IF)

Tissue sections (TMAs) were immunostained using the BenchMark XT automated
stainer (Ventana Medical System Inc. Tucson, AZ), as previously desc(##®)d After
deparaffinisation and antigen retrieval, the tissues were stainkdheit respective antibodies.

Details of staining are described in Bepplementary methods

Immunohistochemistry (IHC).

OVCA cell pellets (TMA) were immunostained using BenchMark XT automated stainer
(Ventana Medical System Inc. Tucson, AZ). After aegffinisation and antigen retrieval, the
tissues were stained with apiGSN and then incubated in a secondary antibody. Details on
tissue staining and antibodies used are described inStigplementary methods and

Supplementary Table S2espectively.

Reagents.

Cis-diaminedichloroplatinum (CDDP), phenylmethylsulfonyl fluoride (PMSF), aprotinin,
dimethyl sulfoxide (DMSO), sodium orthovanadate {i@,), CCK-8 and Hoechst 33258 were
supplied by Millipore Sigma (St. Louis, MO). Two preparations of pGSN siRNA (siRNA1 and
2) and scrambled sequence siRNA (control) were purchased from Integrated DNA Technology
(lowa, USA) and Dharmacon (Colorado, USA), redpely. Human CRISPR/Cas9 KO and
CRISPR activation (OX) plasmid for FLIP (short and long), and their scrambled sequence
SiRNA (control) werepurchasedrom Santa Cruz (Mississauga, Canada). Recombinant human
pl asma gel solin (r hpGpukhased fmoch Cytdskéleton(ImchUSA&hd ) we

Life Technologies, Canada, respectively. pGSN cDNA and 3.1A vector plasmids were
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generouslyprovided by Dr. DaBin Shieh, National Cheng Kung University Hospital, Taiwan.
pCT-CD63-GFP was purchased from Systeno®iiences, LLC. SeSupplementary Table S2

for details on antibodies and other reagents.

Cell Lines and Primary Cells.

Human peripheral CD8+ and CD4+cé€lls were purchased from StegficTechnologies,
Canada. T cells were expanded with ImmunoCult Xkl expansion radia and activated using
ImmunoQult Human CD3/CD28/CD2 T cell activator. Both expansion and activating media
were purchased from Stemcell Technologies, Canada. Chemosensitive and chemoresistant
OVCA cell lines (1.6 x 1®cells) of HGS and etometrioid histologic subtypes were used for all
in vitro studies. The endometrioid cell lines were generously donated by Dr. Barbara
Vanderhyden (Ottawa Hospital Research Institute, Ottawa, Canada) whereas the HGS cell lines
were kindly provided by Dr. Annblarie MesMasson Centre de recherche du Centre
hospie | i er de | 6Uni ver si tCAnadhle CeMimestuse®adre teStEIRE HU M)
Mycoplasmacontamination using PlasmoT&%tMycoplasma Detection kit (Invivogen; catalog
number: reptl), authenticated and continuously monitored for morphological elsaag well
as growth rate for any battb-batch change. Cell lines were maintained between passages 10
and 21 during the study after thawing. Details on the histologic subtypes and mutations of the
cell lines used are describedSapplementary Table S3The HGS cell lines were cultured and
maintained in OSE medium (Wisent Inc.;BBuno, QC, Canada) whereas the endometrioid cell
lines were cultured and maintained in Dulbecco's Modified Eagle Medium (Gibco DMEM/F12;
Life Technologies, NY, USA; catalog numts 10568018/10313021) and/or Gibco RPMI 1640

(Life Technologies, NY, USA; catalog number: 318I¢P), as previously reporte@3-26).
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Media were supplemented with 10% FBS (Millipore Sigma; St. Louis, MO), 50 U/mL penicillin,
50 U/mL streptomycin, and 2 mmol/kglutamine (Gibco Life Technologies, NY, USA). All

experiments were carried out in serinee media.

Gene Interference and Trarsient Transfection.

Cells were transfected (50 nM, 24 h) with CRISPR/Cas9 KO plasmids (2 pg; 24 h) and
siRNAs (empty vector as controls) using lipofectamine 2000. Cells were transfected (2 pg; 24 h)
with pGSN cDNA and FLIP activation plasmid (empty vecésr controls). Cells were then
treated with CDDP (10 pM; 24 h) or sSEpGSN (40 pg/400,000 cells; 24 h) and harvested for
analysis, as previously describ@8, 24, 27) Two different sSiRNAs were used for each target to
exclude offtarget effects. Successful knedkwn/knockout and overexpression were confirmed

by Western blotting9). SeeSupplementary Table SZor details on antibodies.

Extracellular Vesicle (EVs) Isolation, Characterization and Nanoparticle Tracking
Analysis (NTA).

Serumfree conditioned media from cultured cells were used for extracellular vesicle
isolation and characterization, as describé&B). sEVs were isolated by differential
ultracentrifugation: 300 g for 10 min at room temperature (RT) to remove cells; 20,000 g for 20
min, RT to remove large EVs (microparticles) and then 100,000 x g for 90 min at 4°C for SEVs
(exosomes). Details on E¥haracterization and NTA are provided in tBepplementary

methods
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SEV-GFP tagging and uptake.

Chemosensitive and chemoresistant OVCA cell lines (1.6°xcdlls) were transfected
with exosome cytdracer, pCTCD63-GFP (SBI System Biosciences; CYTO1R8-1; 1 ug) for
24 h in serunfree RPM11640. Conditioned media were collected and sEVs isolated. Activated
human peripheral CD8+ T cells were treated with SEA0 ug/400,000 cells; 24 h). Cells were
collected and WB used to assess pGSN and GFP contents. Details on antibodies are described in

Supplementary Table S2

Protein Extraction and Western blot Analysis.

Western blotting (WB) procedure for proteins wexarried out as described previously
(9, 23, 24) After protein transfer, membranes were incubated with primary antib@diE300)
in 5% (wt/vol) blotto and subsequently with the appropriate horseradish peroxidase- (HRP)
conjugated secondary antibody (1:2000) in 5% (wt/vol) blotto.Segplementary Talde S2for
details of antibodies used. Chemiluminescent Kit (Amersham Biosciences) was used to visualize
the peroxidase activity. Signal intensities generated on the film were measured densitometrically

using Image J.

ELISA

Concentrations of H2, TGFb, TNF12,l-4 and | F-iee conditionede | |
media from human peripheral CD8+ and CD4+ T cells treated with sEVs and rhpGSN were
measured by MukAnalyte ELISArray Kit (Qiagen, USA) an@GSN (patient plasma)py
sandwich ELISA (Aviscera Bioscience, Inc. CA), as previously detern(ibdd Details of the

assay are provided in tl&upplementary methods
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Intracellular GSH detection

Intracellular GSH in cell lysates (100 pl) were colorimetrically determined at 450 nm,
using a GSH detection assay kit (ab239727) an
instructions. 1.6 x 10cells [cultured in Dulbecco's Modified Eagle Medi (DMEM)] were

used in each experiment in triplicates. Concentrations were reported as pM/mg protein.

Assessment of Cell Proliferation and Apoptosis.
Apoptosis and cell proliferation were assessedrphologically with Hoechst 33258
nuclear stain and oolimetrically with the CCK8 assay, respectivel y.

approach was used to prevent experimental bias with the Hoechst 33258 nuclear staining.

Statistical Analyses

Statistical analyses were performed using the SPSS software version @5 [P,
Chicago, IL, USA), PRISM software version 8.3 (Graphpad, San Diego,stAlent-test, one
or twoway ANOVA and Bonferroniposthoc tests (to determine the differences between
multiple experimental groupsfwo-sidedPO 0. 05 was i nferredThas st at
relationship of variables to other clinicopathologic correlates was examined using Fisher exact
test, T test and Kruskal Wallis Test, as appropriate. Survival curves (PFS and OS) were plotted
with Kaplan-Meier and Pvalues calculated using the lognk test. Univariate and multivariate
Cox proportional hazard models were used to assess the hazard ratio (HR) for age, residual
disease, stage (FIGO), pGSN and CD8+ T cells as well as corresponding 95%runfid

intervals (CIs).
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Supplementary Table4.2Information on antibodies and reagents

Primary Antibodies

Secondary Antibodies

Application

wB

WB

WB

IHC

wB

WB

WB

WB

wB

wB

wB

WB

WB

wB

wB

T cell

Target

pGSN

i -tubulin

i -actin

pGSN

CD8a

pGSN

Activated

caspase3

Cytokerati
n 8/18
FADD

FLIP

Caspase

Caspas8

Activated

caspase3

NRF2

p-NRF2

Tl H!

Statl

Statkp

GFP

IFNGR1
Blocking
antibody

Antibody/reage
nt

Anti-pGSN Goat
polyclonal

Anti-tubulin
rabbit
monoclonal
Anti-actin
mouse
monoclonal
Anti-pGSN
mouse
polyclonal
Anti-CD8 mouse
monoclonal

Anti-pGSN
mouse
polyclonal
Anti-casp3
rabbit
monoclonal
Anti-KRT mouse
antibody
Anti-FADD
rabbit
monoclonal
Anti-FLIP mouse
monoclonal

Anti-caspases
mouse
monoclonal
Anti-caspase3
rabbit
monoclonal
Anti-cleaved
caspase3 rabbit
polyclonal
Anti-NRF2
mouse
monoclonal
Anti-NRF20S40
rabbit
monoclonal
Anti- | H!
rabbit
polyclonal
Anti-Stat1rabbit
polyclonal

Anti-Statl
pY701 mouse
monoclonal
Anti-GFP
chicken
polyclonal
RhL Cb !

RhpGSN

JAK inhibitor 1

Anti-IFNGR1

ImmunoCult XF

Company

Antibodies
online(Atlanta,
USA)

Abcam
(Toronto,
Canada)
Abcam
(Toronto,
Canada)
Antibodies
online(Atlanta,
USA)

Leica
Biosystems,
UK
Antibodies
online(Atlanta,
USA)

Cell signaling
Technology,
MA, USA
Dako

Cell signaling
Technology,
MA, USA
Santa Cruz
Biotechnology,
USA

Cell signaling
Technology,
MA, USA
Cell signaling
Technology,
MA, USA
Cell signaling
Technology,
MA, USA
Abcam
(Toronto,
Canada)
Abcam
(Toronto,
Canada)
Abcam
(Toronto,
Canada)
Abcam
(Toronto,
Canada)
Abcam
(Toronto,
Canada)
Abcam
(Toronto,
Canada)

Life
technologies
Cytoskeleton
Inc.

Cell signaling
Technology,
MA, USA
R&D Systems,
USA

Stemcell

Catalog #

ABIN1019662

ab179511

ab8226

ABIN659182

NCLL-CD8

4B11

ABIN659182

9661S

EP17/EP30

2782S

sc5276

9746

14220

9661

ab89443

ab76026

ab11174

ab99415

ab29045

ab13970

PHC4033
HPG6

14703

MABG6732

10981

Dilution

1:1000

1:1000

1:1000

1:500

1:50

1:500

1:200

1:200

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

1:1000

Antibody

Dnk polyclonal
to Goat IgG

Goat Antirabbit
1gG(H+L)

Goat Anti
mouse IgG (H+L)

GoatAnti-rabbit
19G (H+L)

Goat Anti
mouse IgG (H+L)

Goat Anti
mouse IgG (H+L)

GoatAnti-rabbit
19G (H+L)

Goat Antirabbit
1gG (H+L)

Goat Anti
mouse IgG (H+L)

GoatAnti-rabbit
1gG (H+L)

Goat Antirabbit
19G (H+L)

Goat Antirabbit
19G (H+L)

Goat Anti
mouse IgG (H+L)

Goat Anti
Chicken IgY
(H+L)

Conj
ugat
[
HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

HRP

Company

Abcam (Toronto,
Canada)

Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)

Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Bio-Rad
(Mississauga,
Canada)
Abcam (Toronto,
Canada)

Catal
og #

Ab97
110

170-
6515

170-
6516

170-
6515

170-
6516

170
6516

170
6515

170-
6515

170-
6516

170-
6515

170
6515

170
6515

170-
6516

ab68

Dilution Note

1:2000

1:2000

1:2000 Fig.
S2A
Fig.
S1A

1:2000

1:2000

1:2000

1:2000

1:2000

1:2000

1:2000

1:2000

1:2000

1:2000

1:2000  Fig.
S2A

117



T cell
activation

Immunocult
Human

Stemcell 10970
technologies,

CD3/CD28/CD2 Canada

T cell activator

BSO

Millipore B2515
Sigma, Canada 500MG
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Supplementary Table4.3 Information on OVCA cell lines

Cell line Tumor origin TP53 status Other Chemosensitivity

A2780cp Ovarian endometrioid Mutant PTEN/ARID1A Resistant
adenocarcinoma V127F R260S

0OV4453 High grade serous ovarian cancer Mutant Not investigated Sensitive

Splice

0OV866(2) High grade serous ovarian cancer Mutant Not investigated Resistant

Arg249Trp

TOV2223G Serouspapillary adenocarcinoma Nonsense Not investigated Resistant

0OV1946 Serouspapillary adenocarcinoma Missense Not investigated Resistant

TOV1369 Serouspapillary adenocarcinoma Missense Not investigated Resistant
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RESULTS
Patientsod6 Characteristics.

Tumor staging and pathologyeveperformed by a certified Gynecologic Oncology team.
The characteristics of OVCA patients (N=208) are describ&lupplementary Table S1 The
median age of patients was 62 years (rang&83Bgears) and classified as FIGO stages 1 (N=13),
2 (N=20), 3 (N=53) and 4 (N=22). Patients in this study received no neoadjuvant chemotherapy
or radiotherapy prior to sample collection at surgery. Eigity patients received
complete/optimal cytoreduction. The median progrestiea survival (PFS) and overall

survivd (OS) were 18 and 49 months respectively.

PGSN expression and CD8+ T cell infiltration in normal fallopian tube and HGS OVCA
tissues.

Although increased pGSN expression renders HGS cancer cell lines resistant to CDDP
treatment(13), the rde of pGSN in the tumor microenvironment is not known. To investigate
this, we first examined pGSN expression and CD8+ T cell infiltration using immunofluorescence
(IF) on a TMA constructed with 208 OVCA specimens (174 HGS, 33 unverified and 1
endometrioigland 14 normal fallopian tube tissu€sg. 1A, Supplementary Table S1)Prior to
the study, staining of pGSN expression was optimized in 9 HGS OVCA cell pellets (WB and
IHC; TMA) as well as a test TMA comprising of 15 HGS OVCA tissues and 7 normalitailop
tube tissues (IFFig. S1A & B). We then determined by digital image analysis and measure of
mean fluorescence intensity (MFI), the relative levels of pGSN expression in the epithelial and

stromal areas of the tissues as well as their prognostic impdle survival of the patients.
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Figure 4.1 pGSN expression and CD8+ T cell infiltration in normal fallopian tube and HGS
OVCA tissues (A) 208 high grade serous ovarian cancer tissues and normal fallopian tubes
were immunestained with antpGSN (red), antCD8 (yellow), anticytokeratin (green) and dapi
(blue).(B) pGSN expression (N=198) and infiltrated CD8+ T cells (N=198) were quardified
compared in the epithelial and stromal components using scatter plots (mean(€)SE3SN
expression in both the epithelial and stroma were correlated with progression free survival (PFS)
time of the patients. Kaplakleier survival curvesvith dichobmized pGSN expression (low and
high group, epithelial MFI cubff = 1141; stromal MFI cubff = 475.4)and log rank test were
used to compare the survival distributions between the grq@yspGSN expressions in
epithelium and stroma were correlated widS. Kaplan Meier survival curvesvith
dichotomized pGSN expression (low and high group, epithelial MFoifut 1141; stromal MFI
cutoff = 475.4)and log rank test were used to compare the survival distributions between the

groups.P-values were calculated by independent sartipdst. N = number of patients in each

group.
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Fig. 4.S1. @GSN expression was validated in HGS OVCA cell pellets, tissues and normal
fallopian tube tissues. (A).9 HGS OVCA cell pellets were immunostaineith antrpGSN
antibody using Western blot and IH®B)15 HGS OVCA tissues and 7 normal fallopian tube
tissues were immunostained with ap@SN (red) and dapi (bluefC) 208 high grade serous
ovarian cancer tissues were immunostained with-caspase3 (green), antCD8 (red), anti

cytokeratin (yellow) and dapi (blue).
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Supplementary Table 44 Epithelial expressions of markers in OVCA patients

Tissue Marker Expression (MFI) Number of Patients

Epithelial pGSN (Cut-off = 1141)
Low 185
High 13

Epithelial CD8+ T cells (Cutoff = 40.64)
Low 173
High 25

Epithelial CD8+ T cells (Cutoff = 40.64)/ Epithelial pGSN (Cutoff =

659) 15
Low pGSN/High CD8+ T cells 10
High pGSN/High CD8+ T cells 120
Low pGSN/Low CD8+ T cells 53

High pGSN/Low CD8+ T cells

IRS, immunoreactive score; pGSN, plasma gelsolin
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pGSN was rarely expressed in epithelial and stromal areas of the fallopian tube tissue
although CD8+ T cell infiltration was detectablEig. 1A; Supplementary Table S4) In
contrast, pGSN expression was clearly detectable in HGS OVCA tissues, with the Exeisal
[mean £ SD (717.4 + 303.4)] being high& £ 0.0001) than the epithelial levels [mean £ SD
(586.9 + 323.2)]. HGS OVCA tissues were positive for CD8+ T cells with stromal localisation
[mean = SD (39.3 £ 35.9 vs. 20.3 + 23.2)] being higfier= 0.001;, Fig. 1B). Increased
expression of pGSN was significantly associated with progre¢sgensurvival (PFS) in the
stroma region R = 0.029) but not in the epithelial regioR € 0.232)(Fig 1C). Patients with
increased epithelial pGSN expression had significantly poorer overall survival (OS) compared
with patients with lower pGSN expressigR = 0.00% Fig. 1D). However, no significant
difference was observed in OS between patients with lowkeh@her stromal pGSN expression

(P = 0.131;Fig. 1D).

Increased pGSN expression is associated with reduced survival impact of tumor infiltrated
CD8+ T cells on patient survival.

After demonstrating in HGS OVCA tissues that patients with increased lgivplSSN
are highly associated with poor chemoresponsiveness and survival, we hypothesized that pGSN
expression may influence the prognostic impact of infiltrated CD8+ T cells. Thus, we analysed
the MFI of pGSN expression and CD8+ T cell density in theéneppd and stromal regions of the
HGS OVCA TMAs and determined the prognostic impact of pGSN and CD8+ T cell co
localisation in HGS OVCA patient$-ig. 2; Supplementary Table S4)pGSN expression and
CD8+ T cell infiltration were clearly detectable in tegithelial and stromal regions of 95% of

the HGS OVCA TMA investigate(Fig. 2A). Chemosensitive patients [progressioee interval
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(PFI) > 12 months; N = 135] had increased CD8+ T cell infiltration regardless of the tissue
location [mean = SD; epithelium?21.8 = 25.6 (chemosensitive) vs. 18.0 = 17.1
(chemoresistance); stroma: 43.5 + 40.0 (chemosensitive) vs. 30.9 £ 23.1 (chemoresistance)]
compared with chemoresistant patients (PFI
only significant in thestromal compartment (epithelium: P = 0.23; strofa 0.03)(Fig. 2B).
Patients with increased epithelial CD8+ T cell infiltration had improved PES0.005) and OS

(P = 0.042) compared with patients with lower CD8+ T cell infiltrat{fig. 2C). Patients with

lower pGSN expression but higher CD8+ T cell infiltration had improved PFS and OS compared
with higher pGSN but lower CD8+ T cell infiltration. Interestingly, increased pGSN expression
appeared to be associated with lower protective effectle@fated levels of CD8+ T cell
infiltration as observed in the O® € 0.05) and DFSKH = 0.019) of patients with high pGSN

and high CD8+ T cellg§Fig. 2C). To determine why most infiltrated CD8+ T cells stained
positive for pGSN and their survival impamt patients hindered by increased pGSN expression,
we immunostained the HGS OVCA tissues for activated cashasenarker for apoptotic cell
death(Fig. S1C).Caspase activation was observed in both CD8 T cells and epithelial cells and
was difficult atributing the caspase activation to only CD8+ T c@fg. S1C) T cells barely
express pGSN at both mRNA and protein le€lg. S2A & B), hence it was surprising that
CD8+ T cells stained positive for pGSN in both the epithelial [N = 195; mean + SD4(Z3
352.7) and stromal regions [N = 196; mean £ SD (798.9 + 336.4)] although there was no
significant difference between the locatiof® = 0.09 Fig. 2D). We further analysed the
correlation between circulatory pGSN and infiltrated CD8+ T cells in piteedium and stroma

(Fig. 2E). Circulatory pGSN of patients were analysed and dichotomized into low and high

groups. The epithelial and stromal CD8+ T cell infiltration were quantitated and compared.
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Figure 4.2 Increased pGSN expression is associatedth reduced survival impact of tumor
infiltrated CD8+ T cells. A) 208 high grade serous ovarian cancer tissues were immunostained
with antrpGSN (red), antCD8 (yellow), anticytokeratin (green) and dapi (blu¢g) CD8+ T

cell infiltration in both the pithelial and stroma compartments were correlated with
chemoresponsiveness [chemosensitivity (PFI >
months), N = 58]. The difference between the two groups was compared using scatter plots
(mean = SD)(C) pGSN expression and infiltrated CD8+ T cells in epithelium were correlated
with PFS and OS. Kaplan Meier survival cureg¢sategorized pGSN expression (low and high
group, MFI cutoff = 659.4) and CD8 density (low and high group, densityofut 40.64)and

log rank test were used to compare the survival distributions between the @ug®O8+ T

cells which stained positive for pGSN were quantified and compared in the epithelial (N=195)
and stromal (N=196) components. The difference between the two graspsompared using
scatter plots (mean + SOJE) Using a cuoff of 79.61, patients were stratified into two groups
(low; N = 68 and high; N = 24) according to their circulatory pGSN levels. Infiltrated CD8+ T
cells in the epithelium and stroma of th@gps were compared and represented as scatter plots
(mean = SD)P-values were calculated by independent sarypdst. N = number of patients in

each group.
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Fig. 4.52pGSN mRNA is barely expressed in CD8+ T cells. (Activated human peripheral

CD8+ T cells were treated with sEVs (40 pg/400,000 cells; 24 h) tagged with-GBBJ1 ug;

24h). Western blot was used to examine the contents of pGSNCGBEB andb-actin. (B)
PGSNmMRNA expression in 79 human tissues were assayed on a genome scale. pPGSN mRNA
expression in T cells (Red box) is barely detectable compared with the ovary (yellow box).
Diagram created bfndrew GNFbased on data froi®u Al, Wiltshire T, Batalov Sgt al(2004).

"A gene atlas of the mouse and human preggicoding transcriptomes”.
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Interestingly, patients with low levels of circulatory pGSN had increased infiltration of CD8+ T

cells compared with patients with higher circulatory pGSN levels in both thieekai [P =
0.026;N=92f mean N SD; 25. 7 &hd&rémal=0/02; NES2{ Imnef nl N. 6)
SD; 47.0 N 42. GompagmertsFig. @E). Nhis2s9pport9 the hypothesis that

secreted pGSN regulates immune cell infiltration and fanct

Prognostic impact of epithelial pGSN and relationship with other clinicopathologic
parameters

The progmstic impact of epithelial pGSN ar@D8+ T cell density together with other
clinicopathological parameters (age, residual disease and stage) were evaluated using uni
multivariate Cox regression analyses, as demonstrat&dipplementary TablesS5 and S6,
respectively. The optimal (ugin Fi s h e r 0 s -ofts fomtle tmarkees sveére used to predict
PFS and OS. From the univariate Cox regression analysis, only stage (FIGO), residual disease
and CD8+ T cell density demonstrated a significant association with B&$pleémentary
Table S5). Unlike PFS, all parameters analysed showed a significant association with OS. In the
multivariate Cox regression analysiSupplementary Table S6), only residual disease (HR,
0.552; CI, 0.359.850;P = 0.007) significantly predicted PFS. In predictingreased risk of
death, only pGSN (HR, 0.185; CI, 0.68873;P < 0.001) was significantly associated with OS

(Supplementary Table S6).
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Supplementary Table 4.S5 Univariate Cox regression analysis for progressicfree and

overall survival

Univariate Analysis

Variable PFS oS

HR 95% ClI P-value HR 95% ClI P-value
Age (years)
062 vs >62 0.887 0.657i 1.197 0.433 0.706 0.5187 0.961 0.027
Stage (FIGO)
02 vs >2 0.342 0.208i 0.556 <0.001 0.418 0.24971 0.702 0.001
RD (cm)
O vs >1 0.392 0.283i 0.542 <0.001 0.525 0.376i1 0.731 <0.001
PGSNEP
Low vs high 0.713 0.4047 1.260 0.244 0.376 0.2067 0.687 0.001
CD8+ T celf”
Low vs high 2.129 1.229i 3.686 0.007 1.726 1.0107 2.949 0.046

HR, hazard ratio; PFS, progressivee survival, OS, overall survival; Cl, confidence interval;

RD, residual disease; pGSN, plasma gelsolin; FIGO, International Federation of Gynecology and
Obstetrics; vs, versus; epi, epithelial

"Estimated from Cox praptional hazard regression model.

"Confidence interval of the estimated HR.
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Supplementary Table4.S6 Multivariate Cox regression analysis for progressioffree and

overall survival

Multivariate Analysis

Variable PFS oS

HR 95% CI P-value HR 95% ClI P-value
Age (years)
062 vs >62 0.909 0.634i 1.303 0.604 0.717 0.492i 1.044 0.083
Stage (FIGO)
02 vs >2 0.625 0.330i1 1.184 0.150 0.744 0.372i 1.487 0.402
RD (cm)
01 vs >1 0.552 0.359i 0.850 0.007 0.675 0.4327 1.055 0.085
PGSNP
Low vs high 0.656 0.3511 1.229 0.188 0.185 0.0897 0.373 <0.001
CD8+ T celf”
Low vs high 1.452 0.7487 2.817 0.270 1.272 0.655i 2.470 0.477

HR, hazard ratio; PFS, progressimee survival; OS, overall survival; Cl, confidence interval;

RD, residual disease; pGSN, plasma gelsolin; FIGO, International Federation of Gynecology and
Obstetrics; vs, versus; epi, epithelial

"Estimated from Cox praptional hazard regression model.

"Confidence interval of the estimated HR.
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SEV-pGSN induces CD8+ T cell death via FLIP dowsregulation and caspase3 activation.

We had earlier detected that elevated pGSN expression in HGS OVCA tissues was
associated with shortened survival of patients with tumors highly infiltrated by CD8+ T cells
(Fig. 2). Although activated caspaS8awas detected in the tissues, it was diffiatttibuting it to
infiltrated CD8+ T cells or the epithelial cellBig. S1C) We therefore hypothesized that sEV
pPGSN induced apoptosis in CD8+ T cells via casfasetivation. Using standanth vitro
techniques, we validated the papoptotic role of @SN in CD8+ T cells as well as the
mechanism involved. Conditioned media from chemoresistant and chemosensitive OVCA cells
were collected and sEVs isolated. SEVs were characterized as previously det€¢i3)jne@SN
knock-down and overexpression in SEVs was confirmed in chemoresistant and chemosensitive
OVCA cells respectivelyRig. S3A & B).

Human peripheral CD4+ and CD8+ T leelvere activated (using Immunalf Human
CD3/CD28/CD2 T cell activator) and expanded (using ImmuittoXfa T cell expansion media
purchased from Stemcell Technologies). Activated CD8+ T cells were treated with exogenous
pPGSN and sEMWGSN derived from chemosensitive (OV2295), chemoresistant (OV90) and
pGSNknockdown (siRNA) chemoresistant (OVWAGSNKD) OVCA cancer cell lines. The
influence of pGSN on apoptotic cell death and cell proliferation of T cells were assessed
morphologically (Hoechst nuclear staining) and colorimetrically (&}Krespectively. Only
exogenous pGSN and chemoresistantaetlved £V-pGSN induced apoptosis and decreased
proliferation in CD8+ T cellgFig. 3A), responses that were concentratitapenden(Fig. S4A)

In contrast, CD4+ T cell survival was not affected by g¥SN treatment irrespective of the
resistance status of doneells (Fig. S4B) however, were polarized into type 2 helper CD4+ T

cells, as evident g SAah&D).eased |1 L4/ 1 FNo2 ratio
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To further investigate the mechanism involved, activated CD8+ T cells were treated with
exogenous pGSN, and CD8+ T cell deand caspase-d&pendent signaling proteins were
assessed upon SEV uptalfgg. S2A) The apoptotic response of CD8+ T to treatment with
chemoresistant cetlerived sV was associated with decreased FLIP content and activation of
caspas& and caspase (Fig. 3B). To demonstrate the role of FLIP in the action of pGSN, this
cell survival protein was foreexpressed or knockeslt in activated CD8+ T cells and then
treated with chemoresistant cdirived sEVs(Fig. 3C & D). Forcedexpression of FLIP
attenugded pGSNinduced apoptosis whereas FLIP KO further sensitized CD8+ T cells topGSN
induced apoptosigFig. 3C & D). Coculturing activated CD8+ T cells wit pPGSNKD-
chemoresistant cells (OV90 and A2780¢aied to induce caspas®activation and apoptosis
(Fig. 3E). pGSNcDNA-chemosensitive cells (OV2295 and A2780sduced caspasé
activation and apoptosis in activated CD8+ T cells aftecutturing for 24 h(Fig. 3F)

suggesting the prapoptotic role of pGSN in activated CD8+ T cells.

Increased pGSNexpression promotes NRF2lependent GSH production

NRF2 is a transcription factor that contro
the production of antioxidant proteins such as GSH and @8Y Elevated GSH production is
associated with CDDP resistance in ovarian and other cancer(iyp&g); however, the role of
pPGSN in regulating NRFBependent GSH biosynthesis is yet to be demonstrated. To investigate
the expression and possible role of GSH in the regulafichemoresponsiveness in OVCA, we
assessed the intracellular GSH production of chemoresistant and sensitive OVCA cells after

treatment with CDDP (10 pM; 24 h).
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Fig. 4.S3 pGSN knockdown and overexpression in seVs (A) Chemoresistant OVCA cells
(A2780cp and OV90) were treated with pGSN siRNA1 and 2 (50 nM; 24 h). (B) Chemosensitive
OVCA cells (A2780s and OV2295) were treated with pGSN cDNA (2 ug; 24 h). Conditioned

media from treated cells were collected and sEVs ishlgg&SN and exosome marker (CD63)

contents were assessed by Western blot.
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Figure 4.3 sEV-pGSN induces CD8+ T cell death via FLIP dowsregulation and caspase3
activation. (A) Activated human peripheral CD8 T cells were treated with human recombinant
(rh) pGSN (10 pM; 24 h), seVs (40 pg/400,000 cells; 24 h) derived from chemosensitive
(OV2295) and chemoresistant HGS OVCA cell lines (OV90) and sEVs (40 ug/400,000 cells; 24
h) deived from pGSN knocked down (KD) chemoresistant cell lines (OV@).Activated

human peripheral CD8+ T cells were treated with Od8@ived sEVs (40 ug/400,000 cells; 24
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h). sEVtdepleted conditioned media was used as cont@)l. FLIPs/| wasforced expessed
(CRISPR/OX, 2 pg; 24h) diD) knock out (CRISPR KO, 50 nM; 24h) in activated CD8+ T cells
and then treated with sEVs (40 ug/400,000 cells; 24H))Activated human peripheral CD8+ T
cells were treated with sEVs (40 ug/400,000 cells; 24 h) derroed €hemoresistant OVCA cell
lines (OV90 and A2780cp) with or without preatment with two different sSiRNAs for pGSN
knocked down (siRNA1 or siRNA2; 50 nM, 24 Ki}) Activated human peripheral CD8+ T cells
were treated with sEVs (40 pg/400,000 cells;4derived from chemosensitive OVCA cell
lines (OV2295 and A2780s) with or without pGSN forced expression (CDNA, 2 ug; 24 h). Cell
proliferation and apoptosis were assessed by 8Gissay and Hoechst staining respectively.
Western blotting was used to exiae protein contents (FADD, FLIP, Caspase 8, Caspase 3 and
b-tubulin). Results are expressed as means = SD from three independent replicate experiments.
[A, (a; **P<0.001 vs b);B, (a; ***P<0.001 vs b);C, (a; ***P<0.001 vs b);D, (a;

*** P<0.001 vs b and ckE, (a; *** P<0.001 vs b)F, (a; *** P<0.001 vs b)].
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Fig. 4.54 pGSN induces CD8+ T cell death whereas sEpGSN polarizes naive CD4+ T
cells towards type 2 helper cells(A) CD8+ T cells were treated with increasing dose of
recombinant human pGSN {020 uM; 24 h). Apoptosis was analyzed by morphologically by
Hoechst staining(B and C) Activated human primary naive CD4+ T cells were treated with
human recombinant (rh) pGSNQ(uM; 24 h), exosomes (40 pg/400,000 cells; 24 h) derived
from chemosensitive (OV2295) and chemoresistant HGSC cell lines (OV90) and pGSN knocked
down (KD) exosomes (40 pg/400,000 cells; 24 h) derived from chemoresistant cell lines (OV90).
(D) CD8+ T cells(400,000 cells) were eoultured with chemoresistant (OV90) cells and OV90
PpGSNKD cells (24 h). k4 and | FNo | evel s wCelpolferatianandr ed b
apoptosis were assessed by C&HKssay and Hoechst staining respectivelyd Bnd IFN levels
were measured using sandwich ELIS®esults are expressed as means + SD from three or more
independent replicate experimen{#A, (a; *P<0.05 vs b), (a; *P<0.01 vs c); B, (a;

*** P<0.001 vs b and c)¢, (a; *** P<0.001 vs b)].
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Chemoresistant OVCA cell lines (OV90 and A2780cp) produced higher levels of intracellular

GSH compared with their sensitive counterparts (OV2295 and A21B@@s)4A & B). This
phenomenon was associated with increased pGSN, total NRF2 and phii®pAgFig. 4A &

B). I ncreased oH2AX (an indicator of DNA dama
CDDP-induced apoptosis were detected in the chemosensitive cells but not in their resistant
counterpartgFig. 4A & B). To investigate the role of pGSN in GSH puotion, pGSN was

knocked down in chemoresistant cell (OV90) using siRNA (50 nM; 24 h) and then treated with
CDDP (10 puM; 24 h). pGSN dowregulation resulted in a decrease in total NRF2, phespho

NRF2 and intracellular GSH as well as sensitized the resisédis to CDDR nduced o H2AX
content and apoptosigFig. 4C). Forced expression of pGSN (2 pg cDNA; 24 h) in
chemosensitive OVCA cells (OV2295) increased total NRF2, phelpti2 and intracellular

GSH; responses that were not affected by CDDP treatm&®Npforced expression also
attenuated CDDP nduced O0H2AX and apopt os(Fig. 4D)mOurt he se
interrogation of cbioportal public datasets (TCGA firehouse legacy) revealed a positive and
significant correlation between pGSN and NFE2LRAR) and SLC7A11 (xCT) involved in

GSH productionKig. 4E & F). Our interrogation of TCGA nature 2011 datasets also revealed a

weak but significant association between pGSN mRNA expression and NFE2L2 (NRF2) and
SLC7A11 (xCT)(Fig. S5A 1 C), providing supprting evidence that pGSN mediates GSH

production via activation of the NRF2 pathway.
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Figure 44 Increased pGSN expression promotes NRF&pendent GSH production (A)
Chemosensitive (A2780s) and resistant (A2780cp) paired cell lines were treated with or without
CDDP (10 pM; 24 h)(B) Chemosensitive (OV2295) and chemoresistant (OV90) HGSC cell

lines were treated with or without CDDP (10 pM; 24 (@) pGSN expressiomichemoresistant

HGSC cell line (OV90) was silenced (siRNA1, 50 nM; 24 h) and treated with or without CDDP

(10 uM; 24 h).(D) pGSN was force expressed in chemosensitive HGSC cell line (OV2295)
(cDNA, 2 ug; 24 h) and treated with or without CDDP (10 uM;4(E) Heat map andF)
Pearsonds/ Spear mands anal ysdependenf mRNAs€NRB2sardo c i a't
XCT) and pGSN mRNA expressio(fs) Chemosensitive (OV2295) and resistant (OV90) cell

lines were primed with CM (3 ml; 24 h) from activated CDB<ells and then treated with or

without CDDP (10 pM; 24 h)(H) Activated human peripheral CD8+ T cells werectttured

with chemosensitive (OV2295 and A2780s) and chemoresistant (OV90 and A2780cp) cell lines

(24 h). mRNA analysis was interrogated usif@GA datasets on cbioportal. Intracellular GSH

was measured by colorimetric assays and Western blotting used to examine protein contents
(0H2AX, pGSN, pNRF2, NRF2 anfi-tubulin). Apoptosis were measured morphologically by
Hoechst staining and | FN2 | eResultssaresespessgdead U S i
means = SD from three independent replicate experimhtga; *** P<0.001 vs b and c)B,

(a; ** P<0.001 vs b),.C, (a; **P<0.01 vs b, a; ***<0.001 vs ¢)D, (a; *** P<0.001 vs b and

c); G, (a; **P<0.01 vs b, a; **<0.001 vs c)H, (a; **P<0.01 vs b, a; **<0.001 vs c)].
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Fig. 4.S5 pGSN positively correlate with NRF2dependent genes. (AHeat map andB and
C)Pearsonds/ Spear mands anal ysdependentfgeneshard p&SNs o c i a
MRNA expression. Data was interrogated from TCGA 2011 and Firehouse legacy datasets

publicly available on cbioportal.
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| FNo secreted byT cells tradwcest @S#H pr@dDdBioh and sensitizes
chemoresistant OVCA to CDDRinduced death.

The functionality of intretumoral CD8+ T cells is central to the efficiency of cancer
treatment(3, 4, 29) Although increased pGSN induces apoptosis in CD&ells as well as
increases GSH production in OVCA cellg. 4 & 5), whether and how decreased viability of
CD8+ T cells affects intracellular GSH production and OVCA chemoresistance is not known. To
examine if intracellular GSH production in OVCA celleutd be altered by CD8+ T cells,
chemoresistant (OV90) and sensitive (OV2295) OVCA cells were cultured with conditioned
media (CM) from activated CD8+ T cells (24 h) and then treated with or without CDDP (10 pM;
24 h)(Fig. 4G). Although treating sensitiv®VCA cells with CM from activated CD8+ T cells
decreased intracellular GSH production, cell death was not obs@figed4G). However, a
significantly greater decrease in intracellular GSH production and a further increase in apoptosis
were noted in thehemosensitive OVCA cells treated with CDDP following-freatment with
CD8+ T cell CM(Fig. 4G). Intracellular GSH remained elevated in the resistant cells regardless
of treatment with CD8+ T cell CM, a response associated with C@BiBtance(Fig. 4G).

CDDP treatment of resistant cells following fireatment with CD8+ T cell CM was associated
with a significant decrease in intracellular GSH and increased GbikRed apoptosigFig.
4G).

To further investigate the factor involved in reducing intrat¢@ilGSH and sensitizing
resistant cells to CDD#duced apoptosis, the cytokine profile in the CM from activated CD8+
T cells was assessed. | FNo2 | evels we2Z kel evat
b, TNRNHR(FIgQLS6A) The functionality of activatec

secretion was tested by-calturing with chemosensitive (OV2295 and A2780s) and resistant
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(OV90 and A2780cp) OVCA cellgFig. 4H). The presence of chemoresistant OVCA cells

mar kedl y r eraductor comgdafed\vath chemosensitive cfflig. 4H), suggesting a

potential immunesuppressive function of pGSN. This phenomenon was validated in OVCA

public datasets (TCGA firehouse legacy and 2011) where negative significant although weak
correlaticm was observed bet ween p GSHYS. $BdD).IUBIMGD mMR N A
heat map presentations, patients with low pGSN mRNA was observed to also express low levels

of key antitumor soluble factors (granzyme b and perforin) derived from activated T8its

(Figs. S6B- D).

| F Nheediated suppression of GSH production is via STAT1 phosphorylation.

Janus kinase/signal transducers and activators of transcription (JAK/STAT) signaling
pat hway mediates <cel |l ul ar (30)eBhpsp wesievastigatea of n | FN
JAK/ STAT1 pat hway -mediatad rsyppréssioa f GSH prdduetddn, using
recombinant human (r h) | Mo 5A). Ghermoeesisdant §GFVO0C D 8 +
and sensitive (0V2295) OVCA <cell s were stimu
treated with or without CDDP (10 OM; 24 h). |
alone reduced intracellular GSH; however, apoptosis avédg observed with treatment with
CDDP Dbut no(Fig. ®A).t hl nl FtNbe chemor esi stant condi't
intracellular GSH production but not apoptogigy. 5A). CDDP and | FN2 togeth
decreased intracellular GSH contamid increased apoptogisig. 5A). In both chemosensitive
and resistant conditions, STAT1 phosphorylation was only associated with eitheF Nho

stimulation alone or in combination with CDDP treatment.

145



>

CD8+T cells

Cytokine level
(pg/ul)

OVCA TCGA firehouse legacy (n=530)

OVCA TCGA 2011 (n=489

OVCA TCGA firehouse legacy (n=530)

D

b
=)

Pearson:-0.12; (p=0.004)
Spearman: ;0.16; (p =0.0003)

w > >
wn o «»

IFNG mRNA expression
w
©

45 6.5 T 85
pGSN mRNA expression

Fig. 4.56 pGSN expressiomegatively correlates with CD8+ T cell antitumor factors. (A)

Human peripheral CD8+ T cells were activated with-@ii3/CD28/CD2 antibody (25 ul; 48 h).

Cytokine levels were measured by ELISB.and C) Heat map representations of pGSN, IFNG,

GZMB and PHR1 mRNA expressiondD) Pear sond6s/ Spearmandés anal ys
between IFNG and pGSN mRNA expressioData was interrogated from TCGA 2011 and

firehouse legacy datasets publicly available on cbiopdr@dults are expressed as means + SD

from three or more independent replicate experiments.
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Figure 45 | fmddated suppression of GSH production is via STAT1 phosphorylation.

(A) Chemosensitive (OV2295) and chemoresistant (OV90) HGS OVCA cell lines were treated
with rhlFNo> (10 pg/ ml; 2 4 (B Activated thumarr perigie@P ( 1 0
CD8+ T cells were préreated with seVs (4069/400,000 cells) derived from chemoséie

(OV2295) or chemoresistant (OV90) HGS OVCA cell lines (24 h). Chemoresistant (OV90) HGS
OVCA cell lines were treated with CM (3 ml; 24 h; collected fromtpeated activated CD8+ T

cells),r h1 FNo (10 pg/ ml; 2 4 h) (C)eChanbesistantG@/DBPand 1 0 O
A2780cp) cell l' i nes were treated with rhlFNOD
inhibitor (5 pM) and/or antiIFNGR1 blocking antibody (2 pg/mL; 24hjD) Chemosensitive

cells (A2780s and OV90) were preated with NAC (200 uM12 h) and then treated with or
without | FNo (10 pg/ml; 24 h), CDDP ELO OM;
Chemoresistant cells (A2780cp and OV90) weretmated with BSO (6uM; 12 h) and then
treated with or without pMRANland Tl GMY3 mkl24h).2 4 h)
(F) pGSN was silenced with two (2) siRNAs (50 nM; 24 h) in OV90 cells and treated with or
without BSO (6 OM; 12 h), 1 FNo (10 pg/ml; 24
24 h). Intracellular GSH was measurbyg colorimetric assays and Western blotting used to
examine protein contents PATL, STAT1 and b-tubulin). Apoptosis were measured
morphologically by Hoechst stainindResults are expressed as means = SD from three
independent replicate experimen{#\, (a; *P<0.01 vs b, a; ***<0.001 vs c);B, (a;

*** P<0.001 vs b and c)C, (a; *** P<0.001 vs b);D, (a; ***P<0.001 vs b and c)E, (a;

*** P<0.001 vs b and c)F, (a; *** P<0.001 vs b, c, d and e)].
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We were also interested to know whether pdfdiced chemmsistance could be
medi ated through suppression of | FNo2 secretio
we primed activated CD8+ T cells with sEVs (40 ug/400,000 cells; 24 h) derived from either
chemosensitive (OV2295) or chemoresistant OVGAsc(OV90) (Fig. 5B). CM from the
primed CD8+ T cells were collected andlOadded
pag/ml; 24 h)and/or CDDP (10 puM; 24 h). CM from CD8+ T cells primed with sEVs from
OV2295 cells failed to decrease intracellular GSH and attenuated apdigsisB). CDDP
treatment alone decreased intracellular GSH which was associated with increased gjfagptosis
5B). Combined Il FNO and CDDP treat ment dr asti
significantly increased apoptosis, responses that were associated with increased STAT1
phosphorylatior{Fig. 5B). Following pretreatment with SEVs derived from chemoresistaiis,
| FNo and CDDP al one fail ed timucedepoptesia was alsont r a c
attenuatedFig. 5B). However, combined treatment with C
decrease in intracellular GSH, increased STAT1 phosphorylation arehsec apoptosigig.
5B).

To further i nvestigate the r oihduiceb@SHI FNGR/
production, chemoresistant OVCA cells lines (OV90 and A2780cpjreated with anti
IFNGR1 blocking antibody (2 pg/mL; 24 h) and/or JAK inhibitbr(5 pmol/L; 24 h) were
treated with either |1 FNo (10 (pig 5CGhlin;bot2GVO0Oh) or /
and A2780cp cel |l l i nes, onl vy combined treat
phosphorylation of STATL, reduced intracellular GSH andeiased apoptos{fig. 5C). These

effects were attenuated in the presence of I
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inhibitor (Fig. 5C),suggesting the possi bl e rinduced GSH | FNG
production.

We extended our study to exsm@ how intracellular GSH regulates the response of
OVCA cell s6 to CDDP and | FNo treatments and h
The GSH precursor {dcetyl cysteine (NAC) was used to promote GSH production in
chemosensitive cells whereas buttine sulfoximine (BSO), an inhibitor of the first rdisiting
enzyme (glutamateysteine ligase) of GSH synthesis, was used to deplete GSH production in
chemoresistance OVCA cells. Cheseasitive cells (A2780s and OV22J9ere pretreated with
NAC(200iM; 12 h) and then treated with or withou
h) or CM from activated CD8+ T cells (3 ml; 24 (fig. 5D). NAC alone significantly induced
intracellular GSH production without increasing apoptosis. CDDP failed to deck&&Se
induced GSH production, a response associated with reduced ap@pipsisD). Combining
Il FNo or CM with CDDP and NAC significantly
apoptosigFig. 5D). GSH production in chemoresistant OVCA cé€#780cp and OVO) were
decreased with BSO (6 OM; 12 h) and then trea
(10 pM; 24 h) or CM from activated CD8+ T cells (3 ml; 24 R)g( 5E). Although GSH
production was significantly reduced, apoptosis was unaffected byaB8@ Fig. SE). CDDP
however, increased apoptosis in cells-ppeated with BSQFig. 5E). The addi ti on of
CM with BSO and CDDP significantly and further reduced GSH production in the
chemoresistant cells, a response associated with marked ap0ptpsSE).

To investigate the role of pGSN in the above phenomena, pGSN was knocked down
using two siRNAs (50 nM; 24 h) in OV90 cells and treated with or without BSO (6 pM; 12 h),

| FNo (10 pg/ml; 24 h), CDDP (100ns@n24H) or
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(Fig. 5F). Silencing pGSN expression decreased GSH level with no effect on apdpbigst&F).

BSO treatment further reduced GSH levels in pg8@NOV90 cells without affecting apoptosis.

CDDP treatment following pGSN KD and BSO treatmiemther reduced GSH production and
increased apoptosi s, phenomena markedly enha

activated CD8+ T cellg-ig. 5F).

DISCUSSION

In the current studywe have demonstrated that the functionality but not the mere
presence of infiltrated CD8+ T cells plays a significant role in prolonging the survival of OVCA
patients. pGSN expression was significantly associated with poor etesponsiveness and
shorteed OS in HGS OVCA patients, making pGSN a poor prognostic marker. This is
consistent with our previous study3) as well as supports other studies where total GSN was
shown as a poor prognostic marker in gynecological, colon, pancreatic, breast aaddeack
cancerq9, 10, 31, 32)Reliable prognostic factors are crucial to achieving therapsuticess
and improving patient survival. In our Cox regression analysis, RD was observed to be an
independent predictor of OVCA recurrence whereas epithelial pGSN presented as independent
predictor for OVCA death. This is consistent with our earlier figdimwhere circulatory pGSN
and RD significantly predicted patient surviy@4). Combining RD and pGSN in both blood
and tissues could provide a reliable prognostic index to enhance OVCA patient survival and
optimal management.

Tumor infiltration by CD8+ T cells provide survival benefits to cangarents(3, 4) and
our findings that increased infiltrated CD8+ T cells is associated with reduced tumor recurrence

are consistent with this notion. Interestingly, the prognostic benefits of infiltrated CD8+ T cells
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on patients6 survival nceeased pGSiNvievelss gASN is Aighly o c i a -

secreted in OVCA patients compared with normal subjdetsand transported via sE(33).
Patients with higher levels of circulatory pGSN had decreased infiltration of CD8+ T cells
compared with the cohorts with lower levels. This suggests that circulatory pGSN levels could
predict the immunological status of OVCA patients that could inform physi@arthe possible
therapeutic options.

We have previously shown that casp8s@& mediator of apoptotic cell death, could be
regulated by GSN9). We thus examined casp&3ectivation in the same clinical samples and
observed immunoreactivity. As to whether the casf3agetivation was CD8+ T cell specific or
not, was difficult to interpret since IF does not provide a time lapse to examine such mechanism.
SEVs derived from chemoresistant but not chemosensitive OVCA cells induced apoptosis in
CD8+ T cells via FLIP downregulation and casp8&eactivations, response¢hat were aborted
when pGSN was silenced in the sEV$is is consistent with our previous study where the
interaction of GSN with FLIP and ltch had a direct effect on caspasgivation(9). To date,
this is the first study to provide mechanistic detail on how-pB%N induces apoptosis in
CD8+ T cells via activation of the FLIP/caspa&seaxis. This is consistent with the findings of
Wieckowskiet al, who have shown that tumaolerived vesicles promote apoptosis of activated
CD8+ T cells(33) as well as other studies where GBiduced death in natural killer/T ce(34).
Interestingly, sEV pGSN had no apoptotic effect on CD4+ T cells, which were however
polarized towards type 2 helper cells as evident by increased secretiod.dDUr findings are
consistent with the findings by Cheet al showing secreted gelsolin in prostate cancer
desensitizes and induces apoptosis in infiltrated effector T cells but not CD4 T3délend

provide new insights into how pGSN transported by sEVs induce apoptosis of CD8+ T cells in

152



OVCA, a phenomenon with significant impact oncheme s ponsi veness. The
secretion as observed in the CD8+ T cellscatiured with resistant cells and granzyme b and
perforin in public datasets might be as a result of the decreased number of T cells left after
pGSNinduced death. Detailed investigations are however needed to demonstrate if pGSN
directly affects their gene exm®on independent of pGSNduced CD8+ T cell death. This
could explain in part why most immunotherapy trials in OVCA patients haveactoeved
significant succes$35-37). Silencing pGSN expression and secretion could hold the key to
maximizing immunotherapy efficiency in OVCA patients and other solid tumors. Whether this
indeed is true requires further investigation.

Intracellular GSHat a basal level provides antioxidant functions to cells by detoxifying
and removing carcinogend5-17). However, elevated levels of intracellular GSH chelate
chemotherapeutic agents which are subsequently effluxed from the cell, thus reducing their
cellular accumulation needed for tumor cell deétb-17). This conference of resistance to
chemotherapeutic agents provides protection to OVCA cells and in many céleér. It is
yet to be shown if pGSN plays a role in regulating intracellular GSH production in OVCA cells.
We observed that increased pGSN activates the NiRE@xidant pathway leading to increased
production of itracellular GSH. GSH therefore chelates, detoxifies and effluxes CDDP,
reducing o9H2AX Il evels (an i ndi c atsteand bedk) ilCDDP
tumor cells and protecting them from CDIDRluced apoptosis. It has been demonstrated that
GSH =creted by fibroblasts are taken up by cancer cells which protects them from- CDDP
induced apoptosi§30) and marked increased GSH synthesis in OVCA cells is a contributing
factor to CDDP resistandd6, 17) Moreover, depleting GSH in human neuroblastoma MNS

cells inhibits gelsolin expression although this response was not susfa@)eds to whether
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GSN has a positive feedback effect®8H production is yet to be investigated. pGSN treatment
provides an antioxidant advantage by way of elevating circulating GSH levels to mitigate
radiation injury(21). Our current data is consistent with these findings and also advances an
intrinsic regulatory mechanism by which GSH is involved in pGtétiated OVCA
chemoresistance.

Infiltration of the tumor crest by effector T cells is significantly associated with
prolonged survival in OVCA patients treated with CDDP and other treatment mod@itigs,
36). Thus, we investigated the potential involvement of CD8+ T cells in@&ESNmediated
regulation of intracellular GSH production. We observed that CD8+ T-dells i v e d I F N
activated the IFNGR1/JAK/STAT1 pathway in OVCA cells, leadingreéduced intracellular
GSH level. As a result, OVCA cells became sensitized to GibiDéced apoptosis. This is
consistent with a reportthat CD8+ Tcalle r i ved | FN2 regul ates GSH a
in fibroblasts via the JAK/STAT1 pathwa{30). GSH antagonists, such as buthionine
sulphoximine, phytochemical -Bhenylethyl isothiocyanate, gossypolb®mopyruvate and
acetaminophen, have shown therapeutic pronflsBsalthough no significant clinical advantage
has been achieved to date due partly to their adverse side effects. In a phase Il clinical trial
(NCT00350948), the GSH analogue Telcyta (TLBR&ogether with doxorubicin recorded
poorer outcomes compared with the standard treatment re¢@9e40) The role of SEV\pGSN
in regulating both intracellular GSH biosynthesis and immreureeillance could hold the key to

maximizing treatment efficiency in OVCA patients.
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Figure 46 A Hypothetical model illustrating the expression and role of pGSN in the
regulation of chemoresistance in OVCAIn chemosensitive conditipsEV-pGSN secretion in

OVCA cells is low, hence T cell function is minimally affected. Functional CD&ells can

IFNGR1

.

therefore secret hi gher |l evel s of

sensitizes chemosensitive cells to CDIDBuced deathln the chemoresistant conditiohigh

SEV-pGSN secretion by OVCA induces cell death in CD8+ T cells. ésslts in decreased

Il FNO2

wh i

evels of | FdependenthGSH hproddcRoR 2nd increased resistance to CDDP

induced death in OVCA cells.
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In summary, we have demonstrated for the first time, the immuodulatory role of
SEV-pGSN in OVCA chemoresistance. To facilitate future investigations, we offer the following
hypothetical model for OVCA celCD8+ T cell interaction in the tumour microermnment in
the regulation of chemosensitivity in human ovarian ca(féigr 6). In chemosensitive condition,
SEV-pGSN secretion is relatively low in OVCA cells, hence CD8+ T cell function is minimally
affected. Functional CD8+ T cells can therefore sednet g h e r |l evel s of Il FNo
NRF2dependent GSH production in OVCA cells and sensitizes chemosensitive cells te CDDP
induced apoptosis. In the chemoresistant condition, markedp&SN secretion from OVCA
cells induces cell death in CD8+ TcelW.i t h a s mal | popul ation of
secretion is reducedhence NRFZlependent GSH production in OVCA cells remains high,
resulting in resistance to CDBRduced death. The above findings provide useful mechanistic
and clinical informationd maximize immunotherapy efficiency in chemoresistant OVCA as

well as establish a reliable prognostic index for OVCA patients.
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SUPPLEMENTARY M ETHODS
Immunofluorescence (IF)

For the keratins in slides with CD8 + pGSN: a ready to nbady cocktail against rabbit anti
KRT8/18 (FLEX, clone EP17/EP30; Dako) was used and coupled with AF488ahhit
secondary Ab (Invitrogen; ref A11008); In slides with CD8 + Casp3: a cocktail of mouse
antibodies against KRT7 (M$352P; Neomarkers), RT18 (se6259; Santa Cruz
Biotechnology) and KRT19 (M398-P; Thermo Scientific) was used and coupled with AF546
antrmouse secondary antibody (Invitrogen; ref. A10036). For CD8 staining in slides with CD8 +
pPGSN: aniCD8 mouse monoclonal (Leica BiosystemNCL-L-CD84B11) coupled with anti
mouse AF546 secondary antibodies (Invitrogen; ref. A10036) were used. In slides with CD8 +
Casp 3, antCD8 mouse monoclonal (Leica Biosystemef. NCL-L-CD8-4B11) coupled with
antrmouse Cy5 (Invitrogen, ref. A1052%)ere used. For cleaved caspase 3 stainingcasp3

rabbit monoclonal (Cell signaling, ref. 9661S) antibody coupled with-rabbit AF488
(Invitrogen, ref. A11008) secondary antibody were used. For pGSN stainingGBN mouse
polyclonal (Antibodies nline, ref. ABIN659182) coupled with antiouse Cy5 (Invitrogen, ref.
A10524) secondary antibodies were used in both panels. The nuclei of cells in the tissues were
stained with DAPI and slides scanned with 20 x 0.7NA objective with a resolution of 0m3225u
(VS110, Olympus, Center Valley, PA). VisiomorphTM (Visiopharm, Denmark) was used to
identify the regions of interest (ROIs)epithelium (keratin positive cells) and stroma (region
negative for cytokeratin stainingpand to quantify the mean fluorescenntensity (MFI) of each
marker into the ROIs. CD8 positive cells were counted into each tumor tissue ROl and & CD8

cells density score corresponding to the number of CD8 per 100.000 pixels of ROI was
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establishedOVCA cell lines and theirepresentative TMAs (lysates and pellets) were used to

validate the specificity of antibodies using Western blot, IHC and IF

Immunohistochemistry (IHC)

The TMA sl i de wasliammabanzidine dolutwm ana coBnteBtained with
May or 0s liheunia stainxTyssue slides were scanned with 20 x 0.7NA objective with a

resolution of 0.3225um (VS110, Olympus, Center Valley, PA).

Extracellular Vesicle (EVs) Isolation Characterization and Nanoparticle Tracking
Analysis (NTA)

Total EVs concentrain was determined by BCA Protein Assay Kit (Thermo Fisher Scientific).
When freshsEVs (40 ug/400,000 cells) were not required, they were suspended in PBS and
stored at80°C for subsequent analysis. EVs diluted in PBS were analyzed, using the ZetaView
PMX110 Multiple Parameter Particle Tracking Analyzer (Particle Metrix, Meerbusch, Germany)
in size mode, and ZetaView software version 8.02\®8h 11 camera positions, EVs were

captured at ZLC. The sizes and concentrations of EVs were evaluated pelesamfriplicates.

ELISA

pGSN | evels were assayed in the plasma of O
(Aviscera Bioscience, Inc. CA). The detection antibody was raised against human plasma
(soluble) gelsolin. All ELISA measurements were carried aut cor di ng t o manuf
instructions. Optical densities (OD) were determined at 450 nm, using a microtiter plate reader

and compared with the standard curVhae blank was subtracted from the triplicate readings for

each standardnd test samples
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ABSTRACT

Ovarian cancer (OVCA) is the most lethal gynaecological cancer witliearssurvival
rate less than 50%. Despite new therapeutic strategies, such as targeted therapies and immune
checkpoint blockers (ICBs), tumor recurrence and drug resistance remain key obstacles in
achieving long term therapeutic success. Therefore, teea@ urgent need to understand the
cellular mechanisms of immune dysregulation in chemoresistant ovarian cancer in order to
harness the hostodés | mmune sy s-éxpression of plasmpr ov e
gelsolin (pGSN; an actin binding protein) mRNs associated with a poorer prognosis in OVCA
patients; however, its immurAmodulatory role has not been elucidated. In this study, we report
for the first time, pGSN as an inhibitor of M1 macrophage-@mior functions in OVCA
chemoresistance. Incredseepithelial pGSN expression was associated with loss of
chemoresponsiveness and poor survival. While patients with increased M1 macrophage
infiltration exhibited better survival, cohorts with poor survival had higher infiltration of M2
macrophages. Intesengly, increased epithelial pGSN expression was significantly associated
with reducing the survival benefits of infiltrated M1 macrophages, through apoptosis via
increased caspa®e activation and reduced TNFU secret
expression was an independent prognostic marker in predicting progréssasurvival (PFS).
These findings support our hypothesis that pGSN is a modulator of inflammation and confers
chemoresistance in OVCA, in part by resetting the relative abundancefuantion of
macrophage subtypes in the ovarian tumour microenvironment. Our findings raise the possibility
that pGSN may be a potential therapeutic target for imrmuediated chemoresistance in

ovarian cancer.
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SIGNIFICANCE
This study deembnsthhabesotfherabe of pGSN on tu
and also offers new insights in maximizing t

cancer patients.

Key words:

Tumorassociated macrophages (TAMs), plasma gelsolin (pGSN), ovariaercé@YCA),

Small extracellular vesicles (sEV), chemoresistance
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INTRODUCTION

Ovarian cancer (OVCA) is ranked the fifth most commonly diagnosed female cancer;
however, it is the most fatal amongst all gynecologic car(@e83 This isdue primarily to &te
diagnosis, recurrence and chemoresistance, resulting in no significant improvementyedine 5
survival rate in the last decad#-3) regardless of the ethnic backgrounds of the patients
Although cancer immunotherapy has improved the survival of patients with melanoma,
colorectal cancer and blood cancers, it has not achieved great therapeutic success in OVCA
patients(4-7). There is therefore an urgent need to better understand the molecular and cellular
basis of these poor outcomas patients with diverse ethnic backgroundsd to investigate
novel therapeutic targets to maximize survival in OVCA patients.

Tumorassociated macrophages (TAMs) possess immuodulatory functions and,
depending on their phenotypic state, may either promote tumor progression or regg&sgjon
TAMs are conventionally classified as M1 or M2 depending on the cytokine components of their
environment. M1 macrophages are -prfammatory and have the ability to phagocytose;
functions associated with an atumor effect, enhanced etment response and overall
improvement in patient survivgllO, 11) Higher tumor infiltration of M1 macrophages is
associated with improved patient survival and this correlation has been shown in a plethora of
neoplastic diseases such as ovarian, colorectal, breast, gastric, lung aaddwm@ack cancers
(8, 9, 1214). TAMs exhibiting M2 phenotypes are classically anflammatory and are
involved in wound repair and ptomorigenesis effects. The immusappressive functions of
M2 macrophages have been implicated in breast, ovarian, prostate, lung and brain chacers. T
ratio of M1-to-M2 provides prognostic significance in OVCA patients and has been shown to

correlate with tumor recurrence and chemoresistghfe 11, 15) However, the mechanism
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involved in regulating TAMs infiltration and artumor functions have not been well studied in
the context of chemoresistance.

Plasma gelsolin (pGSN), a muftinctional actin binding protein, is the secreted isoform
of the gelsolin (GSN) gen@6, 17) Just like total GSN, pGSN has been implicated in many of
disease conditions such as bacterial infection, sepsis, arthritis and ¢A6cet8) In our
previous studies, we have shown that pGStdaissported by small extracellular vesicles (SEVS)

T often referred to as exosomewhich can autaegulate their own gene expression and, in a
paracrine manner, transform chemosensitive cells to acquire a chemoresistant phd®type
Thus,sEV-pGSN is a determinant of OVCA chemoresistance. SEVs measure approximately 30
150 nm in size. This is different from large extracellular vesicles (microvesicles) which measure
approximately 0.1 to 1.0 pm in size and are produced by membrane blebboeidynder
stresq19, 20)

OVCA patients whose tumor tissues show lower expression of pGSN mRNA have
prolonged progessionfree survival compared with those with higher pPGSN mRNA expressions
(19). In addtion to OVCA, pGSN has been implicated in other types of cancer such as breast,
prostate and colofl2, 19, 2125). Recently, we have also demonstrated that aside the tumor
expression of pGSN, circulating pGSN is a novel candidate for the early detection of OVCA, as
well as predicting residual disea6). To date, the involvement of pGSN in the regulation of
the immune system is still not well understood. As to whether pGSN overexpression suppresses
immune cell function and contributes to chemoresistance is yée texamined. After the
emergence of checkpoint blockers that activate T cells, one could have expeti®yCA
patients would respond well to these new therapeutics. Unfortunately, immungthéthp

check point blockers hashown relatively low success ovarian cance(5, 7). It has therefore
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become important to investigate other immue#scsuch as macrophages, to determine if they
hold the key to maximizing the effectiveness of immunotherapy.

In this study, we investigated the immuswppressive role of pGSN in the tumor
microenvironment (TME)of Asian OVCA patients Specifically, inceased tumor pGSN
expression attracts M1 macrophages and suppresses their viability and function without affecting
M2 macrophages; an action that regulates the inflammatory environment by decreasing the
M1/M2 ratio. These results support the notion thasehevents contribute to chemoresistance

and shortened patient survival.

MATERIALS AND METHODS

Ethics Statement

All patients provided a written informed consent. The study was performed in accordance
with the appropriate guidelinegpproved by thénstitutional review board of the University of
Fukui Hospital (IRB approval numbeR0180140) and the Ottawa Health Science Network

Research Ethics Board (IRB approval number; OHEEB 199954€01H).

Tissue Samples

The study included tumor tissu@gath various histologic subtypesollected from 94
OVCA patients receiving treatment from 2007 to 2018 at the University of Fukui Hospital, Fukui,
Japan. Patients were diagnosed, clinicopathological parameters anduplldata gathered as
previously desdbed. Details of patient population and demographics are outlined in

Supplementary Table S1
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Supplementary Table5.S1Patients Demographics

Variable Number of Patients

Stage (FIGO)

1 55
2 9
3 23
4 7

Histological Subtypes

Clear cell 26
HGS 33
Mucinous 14
Endometioid 14
LGS 4
Carcinosarcoma 3

ProgressioAree survival (PFS)

Recurrent 26
Non-recurrent 68
Median PFS 33.5 months

HGSC, high grade serous carcinoma; RD, residual disease; FIGO, International Federation of

Gynecology and Obstetrics
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Supplementary Table5.S2 Information on antibodies andReagents

Application Target Primary Company Catalog # Dilution Secondary Conjugate Company Catal = Dilution
Antibody Antibody og #

WB pGSN Anti-pGSN Antibodies ABIN1019662 1:1000 Dnk HRP Abcam Ab97 | 1:2000
Goat online(Atlanta, polyclonal to (Toronto, 110
polyclonal USA) Goat IgG Canada)

WB CD63 Anti-CD63 Abcam Ab193349 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
mouse (Toronto, mouse IgG (Mississaug | 6516
monoclonal Canada) (H+L) a, Canada)

wB b-actin Anti-actin Abcam ab8226 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
mouse (Toronto, mouse IgG (Mississaug | 6516
monoclonal Canada) (H+L) a, Canada)

IHC pGSN Anti-pGSN Antibodies ABIN659182 1:1000 MAX-PO
mouse online(Atlanta, (MULTI)
polyclonal USA)

IHC HLA-DR Anti-HLA-DR | Abcam Ab20181 1:1000 MAX -PO
mouse (Canada) (MULTI)
monoclonal

IHC CD68 Anti-CD68 Abcam Ab125212 1:50 MAX -PO
rabbit (Canada) (MULTI)
polyclonal

IHC CD163 Anti-CD163 Abcam Ab87099 1:400 MAX-PO
rabbit (Canada) (MULTI)
polyclonal

WB CD14 Anti-CD14 Abcam Ab183322 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
rabbit (Canada) mouse IgG (Mississaug | 6516
monoclonal (H+L) a, Canada)

WB HLA-DR Anti-HLA-DR | Abcam Ab20181 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
mouse (Canada) mouse IgG (Mississaug | 6516
monoclonal (H+L) a, Canada)

WB CD68 Anti-CD68 Abcam Ab125212 1:1000 Goat Antk HRP Bio-Rad 170 1:2000
rabbit (Canada) rabbit IgG (Mississaug | 6515
polyclonal (H+L) a, Canada)

WB CD163 Anti-CD163 Abcam Ab87099 1:1000 Goat Anti HRP Bio-Rad 170 1:2000
rabbit (Canada) rabbit 1IgG (Mississaug | 6515
polyclonal (H+L) a, Canada)

WB Activated Anti-cleaved Cell signaling = 9661 1:1000 Goat Anti HRP Bio-Rad 170 1:2000

caspase caspass Technology, rabbit IgG (Mississaug | 6515
rabbit MA, USA (H+L) a, Canada)
polyclonal

iNOS detection iNOS Abcam Ab211085
(Canada)
TNF alpha TNF alpha Abcam Ab46087
ELISA kit (Canada)
Caspase3 Caspass Thermofisher | C10723
activation Scientific
detection (Canada)
Annexin V-FITC Annexin V Fisher 50-930-1
Scientific
(Canada)
PMA Sigma P81391MG
(Canada)
LPS Sigma L2630-10MG
(Canada)
hrlIFN gamma | Stemcell 78020
Technologies
(Canada)
Cisplatin Sigma P4394100MG
(Canada)
Etoposide Sigma E138325MG
(Canada)
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Supplementary Table5.S3 Information on OVCA cell lines

Cell line Tumor origin TP53 status Other Chemosensitivity

A2780s Ovarian endometrioid ‘ Wild type ‘ PTEN/ARID1A Sensitive
adenocarcinoma

A2780cp Ovarian endometrioid Mutant PTEN/ARID1A Resistant
adenocarcinoma V127F, R260S

0V2295 High grade serous ovarian Mutant Not investigated Sensitive
cancer 11e195Thr

OVa0 High grade serous ovarian Mutant Not investigated Resistant

cancer Ser215Arg

Information on OVCA cell lines: The characterization of these cell linessbeen verified in
previous literature (Anglesio et al., 2013; Leroy et al., 2014; Provencher et al., 2000; Letourneau

et al., 2012).
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Immunohistochemistry (IHC)

Cryostat sections (2.5 um) were obtained from 94 formalin fixed, pasfiineddd
ovarian cancer tissues and immunohistochemically stained. Tissue samples were-gtaimaao
(overnight) with primary antibodies to pGSN (x1000), CD68 (total macrophage MO marker;
x50), HLA-DR (M1 marker; x1000) and CD163 (M2 marker; x400). After primagubation,
sections were washed 3x in PBS for 5 min and then incubated (30 min, RT) with secondary
antibody [MAX-PO (MULTI)]. Immunoreaction was monitored and developed. Tissues were
then counterstained (nucl ei standmounted.)Staimrngt h Ma
intensity and distribution was evaluated by two blinded independent observers using a semi
guantitative method (IRScore), as described previougB7). Tissue sections treated with no
primary antibodies were used as negative controls. Tissue sections were observed using Olympus
Bx50F3 (Olympus Optical Co.Nagano, Japgrand scanned with FlexSt&2000. Details of
antibodies are outlined iSupplementary Table S2 The IHC was quantified by a semi
guantitative method [immunoreactive (IR&ore]. IRSscore was calculated as follows: IRS =
SI x PP, where Sl is the optical stain intensity grade@l a0 staining, 1 = weakly stained, 2 =
moderately stained and 3 = strongly stained. PP is the degree of positively stained cells defined

as 0 = no staining, 1 = <10%, 2 =i5D%, 3 = 5180%, and 4 = >81%)

Reagents.

Cis-diaminedichloroplatinum (CDDPphenylmethylsulfonyl fluoride (PMSF), aprotinin,
dimethyl sulfoxide (DMSO), sodium orthovanadate {@,), and Hoechst 33258 were supplied
by Millipore Sigma (St. Louis, MO). pGSN siRNA1 and 2 and scrambled sequence SiRNA

(control) were purchased from Igiated DNA Technology (lowa, USA) and Dharmacon
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(Colorado, USA) respectively. Recombinant human plasma gelsoho@8N) was purchased
from Cytoskeleton, Inc, USA and donated by BhiaChing ChangpGSN cDNA and 3.1A
vector plasmids were produced in thb of Dr. DarBin Shieh, National Cheng Kung University

Hospital, Taiwan. SeBupplementary Tables SZor details on antibodies and reagents.

Cell Lines and Primary Cells.

THP-1 monocytes were purchased from ATCC (VA, USA). HGS cell lifis 29)
(OV2295, chemosensitive and OV90, chemoresistant) were kindly provided BywbeMarie
MesMasson Centr e de recherche du Centre hospit.
(CRCHUM), Canada] and were culture in OSE medium (Wisent IneBr&to, QC, Canada).
Endometrioid cell lines (A2780, chemosensitive and A2870cp, chemoresis@stgenerously
donated by Dr. Barbara Vanderhyden (Ottawa Hospital Research Institute, Ottawa, Canada) and
were cultured in Gibco RPMI 1640 (Life Technologies, NY, USA; catalog number: 31800
Cell lines were authenticated, frequently tested fdycopbhsma contamination using
PlasmoTest! Mycoplasma Detection kit (Invivogen; catalog number:pe) and continuously
checked for morphological changes as well as growth rate for any-todbetich change. Media
were supplemented with 10% FBS (Millipore ®ig; St. Louis, MO), 50 U/mL penicillin, 50
U/mL streptomycin, and 2 mmol/dlutamine (Gibco Life Technologies, NY, USA). Details on
histologic subtypes and genetic alterations of cell lines used are descriBegplementary

Table S3 All experiments were carried out in serfiree media.
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Gene Interference.

Cells were transfected (50 nM, 24 h) with siRNAs (scrambled sequence as controls)
using lipofectamine 2000 and harvested for analysi different SiRNAs were used for each
target to exclude offarget effects. Successful knedkwn was confirmed by Western blotting,

as previously describgd9). (SeeSupplementary Table S2for details on antibodies).

Transient Transfection.

Chemosensitive OVCA cells were transfected with pGSN cDNA (2 pg, 24 h) plasmid
(empty vector as controls) using lipofectamine 2000 and harvested for further analysis.
Successful osr-expression was confirmed by Western blotting, as previously des¢fiBe80

32).

Extracellular Vesicle Isolation and Characterization.

Serumfree conditioned media from cultured cells were used for extracellular vesicle
isolation and characterization, as described previo@$8). Total EV concentration was
determined by BCA Protein Assay Kit (Thermo FisBerentific Whitby, Canada When fresh
SEVs (40 ug/400,000cells) were not required, they were suspended in PBS and st8@&d at

for subsequent analysis.

Nanoparticle Tracking Analysis (NTA).

EVs in PBS were analyzed, using the ZetaView PMX110 MigltParameter Particle

Tracking Analyzer (Particle Metrix, Meerbusch, Germany) in size mode using ZetaView
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software version 8.02.28, as previously descrilfgd). EVs wee captured at 11 camera

positions at 23C and particle size and concentration evaluated.

Protein Extraction and Western blot Analysis.

Western blotting (WB) procedure for proteins were carried out as described previously
(19, 3033). After protein transfer, membranes were incubated with primary antib@ddi00)
in 5% (wt/vol) blotto and subsequently treated with the appropriate horseradish peroxidase
(HRP)-conjugated secondary antibody (1:2000) in 5% (wt/vol) blotto. Details on antibodies used
are described inSupplementary Table S2 Peroxidase activitywas visualized using
Chemiluminescent Kit (Amersham Biosciencédtle Chalfont, UK). Image J was used to

densitometrically measure the signal intensity generated on the film.

ELISA

Concentrations of TNFU wer e meacdtioeed by E
media from M1 macrophage after being treated with sV, CM -@uttared with OVCA cancer
cells. All ELISA measurements were carried @uc cor di ng to manufactur
Optical densities (OD) were determined using a microtiter plateread!50 nm and compared
to a standard curve. The blank was subtracted from the triplicate readings for each standard and

test sample.
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THP-1 Monocyte Differentiation and Macrophage Polarization
THP-1 monocytes were treated with PMA (150 nM; 24 h) with RPMI. Treatment was
removed and cellgereleft to grow in PMAfree RPMI for another 24 h. MO macrophages were

pol arized to M1 macr oph§8@gepmmmitreatrhentifoF24h. ( 20 ng/

Macrophage differentiation and flow cytometry

CD14 (VioBlue, 1:50; Miltenyi BiotecCambridge, USAand CD68 (PE, 1:50; Miltenyi
Bioteg Cambridge, USA were assessed by using flow cytometry in THP1 and Riated
THPL1. Inside Stain Kit (Miltenyi BiotecCambridge, USACat# 136090-477) was used for the

fixation and permeabilization of cells for CD68 staining.

Assessment of Cell Proliferation and Apoptosis.
Apoptosis was assesseaahorphologically using Hoechst 33258 nuclear stain, as
previously desdbed (19, 24, 31) ABl i ndedo counting approacht

experimental bias with the Hoechst 33258 nuclear staining.

Annexin V flow cytometry

Treated cells were vgaed in cold 1X PBS before suspending in binding buffer at a
concentration of 1xT0cells/ml. Cells were stained with annexinF¥TC solution (1pl of
annexin V stain in 100 pl of binding solution) and incubated for 15 mins. Cells were washed in
1X bindingbuffer and analyzed immediately by flow cytometry. Details of the annexhnC

are described iBupplementary Table S2
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Caspase3 detection assay

Caspase& activation was detected in treated cells by washing the cells in PBS and
staining with 100 pl ofvorking solution as recommended by the manufacturer (Fisher Scigentific
Whitby, CanadaCat.#: C10723). Cells were then fixed with 3.7% formaldehyde (15 min) and
counterstained with Dapi (3 min). Cells on the slides were mounted and examined
microscopical. Percentage of caspa3eoositive M1 macrophages of the total cells per field

was determined.

INOS detection assay
Treated cells were washed with assay buffer and stained with the working solution (1 h,
37°C) (1:200), as recommended by the manufactyfscam Toronto, Canada Cat.#:

ab211085). Cells were then analysed in a microplate reader (Ex/Em = 485nm/530nm).

Statistical Analyses

Statistical analyses were performed using the SPSS software version 25 (SPSS Inc.,
Chicago, IL, USA) and PRISM softwa version 8.0 (Graphpad, San Diego, CA). The statistical
analyses were performegindependent samptetest, oneor two-way ANOVA and Bonferroni
posthoctests to determine the differences between multiple experimental gioupsided pO
0.05 was inferred as statistically significanthe relationship of variables to other
clinicopathologic correlates was examined using Fisher exact test, T test and Kruskal Wallis
Test, as appropriate. Survival curves (PFS and OS) were plotted witmKaplar and Rralues

calculated using the legank test. Univariate and multivariate Cox proportional hazard models
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were used to assess the hazard ratio (HR) for pGSN, MO, M1 and M2 macrophages, stage, RD

and age as well as corresponding 95% confideneevils (CIs).

RESULTS
Patientsd Characteristics

Detailed histologic subtype (high grade serous, HGS; low grade serous, LGS;
endometrioid; mucinous; clear cell and carcinosarcoma) description of OVCA patients (N=94)
are described iSupplementary TableS1 A certified GynecologiOncology team performed
tumor staging and pathology. Patients recruited in the study did not receive neoadjuvant
chemotherapy prior to sample collection at surgery. The age range of patientsiwés years
(median age; 56 yes) with FIGO stages classified as 1 (N=55), 2 (N=9), 3 (N=23YaiN-=7)
(Supplementary Table S1) Seventynine (79) patients received complete/optimal cytoreduction
compared with 15 patients who had suboptimal cytoreduction. The median progfession
survival (PFS) and overall survival (OS) were 33.5 and 56.2 months respectively

(Supplementary Table S1)

PGSN expression and infiltrated TAMs in OVCA tissues

Chemoresistant OVCA cells express and secrete higher levels of pGSN, compared with
their sensitive counterpar(49). Thus, we examined the clinical relevance of pGSN as well as
infiltrated tumor associated macrophages (TAMs) in OVCA tissues. Ovarian tissue sections (2.5
um) were collected from 94 OVCA patients and immunohistochemically stained with anti
pGSN, antiCD68 (MO macrophage marker), afiLA-DR (M1 macrophage marker) and anti

CD163 (M2 macrophage marker). Primary antibodies were omitted in tissues used as controls.
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Supplementary Fig. S1Ashows negative and positive pGSN expressions as well as infiltration
of TAMs [MO (CD68), M1 (HLA-DR) and M2 (CD163)] in the epithelial (cancer islet) and
stromal regions. pGSN expressi@ut-off=6) and TAMs infiltration(cut-off=6) in OVCA tissue
compartments with respecti v eSupplenentasytTeble 4 s & n u
PGSN expression was not significantly different between epithelial and stromal regions
(Supplementary Fig. S1B. Total macrophage (MO) infiltration in the stroma was higher
compared with that of the epithelial regiddupplementary Fig. S1B. Howe\er, there was no
significant difference in M1 macrophage infiltration between epithelial and stromal regions
although M2 infiltration was higher in the epithelial regi®upplementary Fig. S1B. The
M1/M2 ratio (cutoff=1) was significantly higher in thetroma compared with the epithelial
compartment (Supplementary Fig. S1BH)his could result in a suppressed inflammatory

environmenin the tumor isletan action that promotes tumor progression and chemoresistance.
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Supplementary Table 554 pGSN expression and TAMs infiltration in OVCA tissue

compartments

Tissue Marker Expression (IRS) Number of Patients

Epithelial CD68 (MO0)

06 (Low) 68
>6 (High) 26
Stromal CD68 (MO0)

06 (Low) 57
>6 (High) 37
Tumor CD68 (MO0)

06 (Low) 56
>6 (High) 38

Epithelial CD163 (M2)

06 (Low) 38
>6 (High) 56
Stromal CD163 (M2)

06 (Low) 57
>6 (High) 37
Tumor CD163 (M2)

06 (Low) 14
>6 (High) 80

IRS, immunoreactive score; pGSN, plasma gelsolin
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Sup. Fig. 5.52 Epithelial pGSN expression, M1/M2 density and survival in OVCA

histologic subtypes.(A) Patients were stratified using their histologic subtypes (Clear cell;

n=26, HGS; n=33, Mucinous; n=14, Endometrioid; n=14, LGS; n=4, Carcinosarcoma; n=3) and
correlated with PFS and OS. Kaplan Meier survival curves and log rank test were used to
compae the survival distributions between the grouf®). Epithelial pGSN expression was
compared between patients with Clear cell; n=26, HGS; n=33, Mucinous; n=14, Endometrioid;
n=14, LGS; n=4 and Carcinosarcoma; nE3) Epithelial M1/M2 was calculated and compared

between patients with Clear cell; n=26, HGS; n=33, Mucinous; n=14, Endometrioid; n=14, LGS;

n=4 and Carcinosarcoma; n38.= number of patients in each gro#pvalues were calculated

using KruskalWallis test(with Dunn 6 s mul t i pl e [Be(a;mfP<00i vs b)n(a;t est ) .

** P<0.01 vs ¢),C, (a; **P<0.01 vs b), (a; P<0.05 vs c)]
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The patients were stratified according to their histologic subtypes and their survival
impact determined. No significawlifference was observed with both PFS (P=0.894) and OS
(P=0.878) Supplementary Fig. S2A. The epithelial pGSN expression and M1/M2 ratio in
patients grouped into histologic subtypes were quantitated and compared. Epithelial pGSN was
highly (cutoff=6) expressed in patients with HGS [mean + SD (6.0 + 2.8)], endometrioid [mean
+ SD (6.5 £ 2.6)] and LGS [mean + SD (6.5 + 1.7)] compared with clear cell [mean £ SD (3.2 +
1.9)], mucinous [mean + SD (4.9 = 3.1)] and carcinosarcoma [mean + SD (4.8 £ 2.0)]
(Supplementary Fig. S2B. M1/M2 ratio (cutoff=1) in the epithelium was higher in patients
with HGS [mean + SD (1.0 + 0.4)], mucinous [mean = SD (1.0 £ 0.7)], endometrioid [mean *
SD (1.1 £ 0.6)] and LGS [mean = SD (1.0 + 0.3)] compared with patients withcelégmean +

SD (0.6 = 0.5)] and carcinosarcoma [mean + SD (0.5 + (88ijpflementary Fig. S2G.

Increased epithelial pGSN expression is associated with suppressed survival benefits of
infiltrated M1 macrophages in OVCA patients

Patients were groupedtmsubcategories based on their level of pGSN expression and
TAM infiltration (low or high), and their survival benefits were determined. A significant
(P=0.008) difference was observed between the groups and PFS but iet@R2] Fig. 1A).
Patients wth low pGSNlow M1 macrophages, low pGShigh M1 macrophages, high pGSN
low M1 macrophages and high pG$iigh M1 macrophages had mean PFSs of 55.5, 85.5, 35.9
and 28.2 months, respectivellyig. 1A). A significant difference #=0.01) was also observed
with PFS but not OS when stratified by M2 macrophage infiltratiog. (LB). Patients with low
pGSNlow M2 macrophages, low pGShigh M2 macrophages, high pGSdww M2

macrophages and high pG$igh M2 macrophages had mean PFSs of 68.1, 54.3, 32.9, 33.0
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months respectively Fig. 1B). When stratified by M1/M2 macrophage ratio, a significant
association was observed with PRSQ.01) but not with OSR=0.62). Patients with low pGSN

low M1/M2, low pGSNhigh M1/M2, high pGSNow M1/M2 and high pGSkigh M1/M2 had
mean PFSs of 57.9, 67.5, 25.7 and 41.3 months, respectkiglyl(C). This suggests that a pro
inflammatory environment with reduced pGSN expression is key to prolonging tumor

recurrence.

Chemoresistance is associated with increased epithelial pGSN expression and M2
infiltration

Before determining the relationship between epithelial pGSN and chemoresistance, we
assessed TAMs density between patients with high and low epithelial expression of pGSN. We
obseved that patients with high epithelial pGSN expression had significantly higher epithelial
infiltration of total macrophages (MOP=0.03, M1 macrophagesPE0.001) and M1/M2 ratio
(P=0.003 but not M2 macrophagesP£0.602 (Fig. 2A-D). Interestingly, no ignificant
difference was seen in the stromal compartments regardless of the TAMs pheRajy@A{
D). To demonstrate the association between chemoresistance and epithelial pGSN expression
and TAMs, patients were stratified by their progressies inteval (PFI). Patients were
stratified as chemoresistant if the PFI was C
mont hs. Patients with a PFI O 12 were signif
expression in the epithelialP€0.005), but not stromal region R=0.689 (Fig. 2E).
Chemoresistant and sensitive patients showed no difference in M1 macrophage infiltration
regardless of the tissueompartment (epitheliumP=0.451, stroma;P=0.989 (Fig. 2F).

However, chemoresistant patients had significantly higher infiltration of M2 macropimatipes
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epithelial region P=0.007), but not the strom&<£0.563 (Fig. 2G). M1/M2 macrophage ratio
showed no significant difference between chemosensitive andardgsigtients as stratified
(epithelium;P=0.682, stromaP=0.78% (Fig. 2H). No significant difference was also observed
between total TAMs (MO; CD68+) and chemoresponsiveness, regardless of the tissue
compartment (epitheliun®=0.278, stromalP=0.269 (Fig. 21). The expression of pGSahd the
relative abundance of M1 and M2 macrophages in the cancer isteesg®remportant factors

in determining patientsodé sensitivity to treat

Increased pGSN expression is associated with poor patient survivalhereas increased
epithelial M1/M2 macrophage density is associated with improved patient survival

The clinical relevance of pGSN expression and macrophage infiltration to patient
survival was first assessed. Patients with decreased levels of pGSN Haxgeudo PFS
(epithelium;P=0.002, stromaP=0.055) and OS (epitheliaPl=0.081, stromaP=0.02) regardless
of the tissue compartmenEig. 2J & K). We further examined the survival benefits of the
various subtypes of infiltrated TAMs. Lower infiltration &dtal macrophageéMO) in both
epithelial (PFSP=0.036, OSP=0.03) and stromal (PF$=0.009, OSP=0.002) compartments
was associated with survival benefits to patiefig.(2J & K). OVCA patients with higher
infiltration of M1 macrophages had sigaiirtly prolonged PFS (epitheliun=0.038, stroma;
P=0.065) and OS (epitheliuni=0.032, stromaP=0.042) compared with patients with lower
M1 infiltration (Supplementary Fig. S3A. Unlike M1 macrophages, no significant survival
difference in PFS and OS wabserved with M2 macrophages infiltration, regardless of the
tissue compartmentS(pplementary Fig. S3B. Although increased M1/M2 macrophage

density wasassociated with improved PFB=0.018) and OSR=0.007) in the epithelial region,
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no significant swival difference wa observed in the stroma (PH3;0.722, OS;P=0.595)
(Supplementary Fig. S3G. This suggests that the survival of OVCA patients could be impacted

by the level of pGSN expression and the ratio of M1/M2 macrophages present in the csincer ne

We then investigated the association between pGSN and TAMs infiltration in the tumor
microenvironment. A significant positive correlation between epithelial pGSN expression and
total (MO) macrophage infiltration was observedhe epithelial regionr€0.31; P=0.0@®) but
not the stroma (r=0.167=0.13) Supplementary Fig. S4A although these correlations were
weak There was aveak butpositive significant association between epithelial pPGSN expression
and M1 macrophage infiltrian in the epithelial (r=0.41?=0.000) and stromal regions (r=0.25;
P=0.005) Supplementary Fig. S4B. Unlike M1 macrophages, no significant correlation was
observed with M2 macrophage infiltration and pGSN, regardless of the tissysartment
(epithelum; r=0.12;P=0.25, stroma; r=0.11P=0.30) Supplementary Fig. S4G. When the
relationship between M1/M2 macrophage ratio and epithelial pPGSN expression was assessed, we
observed aveak butpositive and significant correlation between epithelial pPGSNesgion and
the M1/M2 macrophage ratio, regardless of tissumpartment (epithelial; r=0.33=0.001,
stroma; r=0.28;P=0.005) Gupplementary Fig. S4D, suggesting that a pfiaflammatory
ovarian tumour microenvironment may be an important determinanbteofpGSNmediated

reduction inOVCA patient survival.
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Figure 5.1 Increased epithelial pGSN expression is associated with suppressed survival
benefits of infiltrated M1 macrophages in OVCA patients. 94 OVCA tissues were
immunostained with anpGSN, antiCD68 (MO macrophage marker), ahtLA-DR (M1
macrophage marker) and a@iD163 (M2 macrophage marker) antibodies. pGSN expression
(cut-off = 6) was assessed together with infiltrat&dl 11 (cutoff = 6), (B) M2 (cutoff = 6) and

(C) M1/M2 macrophages (cwff = 1) in the epithelial region and then correlated with PFS and
OS. Kaplan Meier survival curves with eoff values and log rank test were used to compare the

survival distributions between theogips.
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Figure 5.2 Chemoresistanceis associated with increased epithelial pGSN expression and

M2 infiltration. 94 OVCA patients were stratified into two groups depending on their level of
PGSN expression (low; n=69 vs high; n=2%) MO0, (B) M1, (C) M2 and D) M1/M2 densities

in the epithelium and stroma were compared and represented as scatter plots (mean-+ SD). P
values were calculated by independent samplestt Patients were also grouped into
chemoresistant (PFI O 1 2ve (®&Ir-tlh monthsnr=&7Ygroupa.n d ¢ |
Epithelial and stromal expressions &) PGSN, £) M1, (G) M2, (H) M1/M2 and () MO were
guantitatedcompared and represented as scatter plots (mean + $Bluds were calculated by

two sided norparametric MansWhitney test (J) Epithelial and K) stromalpGSN expression
(cutoff=6) and infiltratedMO (CD68+) macrophages (caff=6) were correlated with PFS and

OS. Kaplan Meier survival curved categorized pGSN expresai (low and high group, cut

off=6) and MOdensity (low and high group, coff=6) and log rank test were used to compare

the survival distributions between the groups. number of patients in each group.
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Prognostic impact of epithelial pGSN, TAMs and other clinicopathologic parameters.

We assessed the prognostic impact of epithelial pGSN, TAMs and other
clinicopathological parameters using uand multivariate Cox regression analyses as shown in
Tables 1 and 2respectively. Median cudffs were used to predict PFS and OS. In the uiatear
Cox regression analysi$dble 1), age, stage (FIGO), residual disease (RD) and M2 macrophage
(CD163) showed a significant association with PFS and OS. Epithelial pGSN only showed a
significant association with PFS (HR, 1.233; €I07-1.420;P=0.004)but not G5 (HR, 1.054;

Cl, 0.8701.276;P=0.591). In the multivariate Cox regression analy§able 2), only epithelial

pGN (HR, 1.181; CI, 1.011.381;P=0.038), histologic subtgp(HR, 0.547; Cl, 0.31D.954;

P=0.035) and RD (HR,.@38; CI, 0.0490.391; P<0.001) were found to be significant predictors

of PFS. With regards to OS, only RD was significantly associated with an increased risk of
death. Taken together, these findings suggest that increased tumor pGSN expression plays a key
role in ovarian tmor progression and could serve as a marker for suboptimal residual disease

and tumor recurrence.

Chemoresistant cellsder i ved sSsEV attenuat etwmmorvitnctionabg r o p h ag
increased caspas&-dependent apoptosis and decreased secretion ofINOSd T NF U

In the OVCA tissues, we observed that although increased expression of pGSN is
associated with increased M1 macrophage density, patient survival is reduced. We therefore
hypothesized that increased pGSN expression attracts M1 macrophages iatacdrenest and
suppress their viability, thus leading to a change in thanfl@mmatory environment (M1/M2
ratio) and decreased patient survival. Thus, we further examined utiiizimidgro techniques,

how this phenomenon occurs. Chemoresistant O\&eAete increased levels of exosomal
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pGSNthat confers cisplatin resistance on otherwise sensitive cells and regulates immune cells.

We therefore hypothesized thetosomal pGSNlerived from chemoresistant OVCA cells will

induce apoptosis in M1 macrophagesas we |l | as reduce the secret
THP-1 monocytes were differentiated and polarized into M1 macroph&geplementary Fig.

S5A). M1 macrophage polarization was confirmed by microsc&upplementary Fig. S58,

flow cytometry Supplementary Fig. S50 and Western blottingSupplementary Fig. S5D.
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Sup. Fig. 5.S3 Higher infiltration of M1 but not M2 macrophages is associated with
improved survival. (A) M1 (cutoff = 6), (B) M2 (cutoff = 6) and(C) M1/M2 infiltrated
macrophages (cutff = 1) in the epithelial and stromal regions were correlated with PFS and OS.
Kaplan Meier survival curvewith cutoff valuesand log rank test were used to compare the

survival distributions between the groupss rumber of patients in each group.
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Sup. Fig. 5.54 Epithelial pGSN expression is significantly correlated with M1/M2
macrophage ratia Epithelial pGSN expression was correlated with epithelial and stromal
densities ofA) MO, (B) M1, (C) M2 macrophages an@®) M1/M2 macrophage ratid®> e ar sono6s

analysis was used to examine the correlation between epithelial pPGSN and TAMs.
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Table 5.1 Univariate Cox regression analysis for PFS and OS

Univariate

Variable PFS oS

HR 95% ClI P-value HR 95% ClI P-value
Age (years)
056 vs >5 1.046 1.012i 1.082 0.008 1.049 1.0027 1.098 0.041
Stage (FIGO)
02 vs >2 4.803 2.1531 10.717 <0.001 3.682 1.2327 11.005 0.020
RD (cm)
01 vs >1 0.114 0.052i 0.251 <0.001 117 0.03971 0.350 <0.01
PGSNP!
Low vs high 1.233 1.0771 1.421 0.004 1.054 0.87071 1.276 0.591
CD68™
Low vs high 1.092 0.946i 1.26 0.23 1.011 0.83271 1.228 0.915
HLA -DR (M1)®"
Low vs high 1.035 0.881i 1.215 0.676 0.826 0.661i 1.033 0.093
CD163 (M2)fP
Low vs high 1.328 1.0651 1.658 0.012 1.436 1.0471 1.971 0.025
M1/M2°P
Low vs high 0.787 0.391i 1.584 0.503 0.397 0.138i 1.137 0.085
Histologic subtype 0.787 0.549i1 1.129 0.194 0.806 0.488i 1.333 0.401

HR, hazard ratio; PFS, disease free survival; OS, overall survival; Cl, confidence interval; RD,
residual disease; pGSN, plasma gelsolin; FIGO, International Federation of Gynecology and

Obstetrics; vs, versus; epi, epithelial
"Estimated from Cox proportional hazard regression model.

"Confidence interval of the estimated HR.
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Table 5.2 Multivariate Cox regression analysis for PFS and OS

Multivariate Analysis

Variable PFS (OS]

HR 95% ClI P-value HR 95% ClI P-value
Age (years)
056 vs >5 1.126 0.387i 3.279 0.828 1.352 0.331i 5.530 0.675
Stage (FIGO)
02 vs >2 1.090 0.358i 3.320 0.880 0.945 0.183i 4.874 0.946
RD (cm)
01 vs >1 0.103 0.033i 0.322 <0.001 0.139 0.032i 0.605 0.009
PGSNEP!
Low vs high 1.300 1.0961 1.541 0.003 1.019 0.793i 1.309 0.884
CD68™
Low vs high 0.939 0.764i1 1.154 0.549 0.943 0.706i1 1.261 0.694
HLA -DR (M1)®"
Low vs high 1.030 0.8091 1.312 0.808 0.828 0.5521 1.242 0.362
CD163 (M2y"
Low vs high 1.274 0.969i 1.674 0.082 1.481 0.910i 2.413 0.114
M1/M2°P
Low vs high 0.603 0.198i 1.836 0.373 1.173 0.174i 7.912 0.870
Histologic subtype 0.547 0.312i 0.954 0.035 0.730 0.354i 1.503 0.393

HR, hazard ratio; PFS, disease free survival; OS, overall survival; Cl, confidence interval; RD,
residual disease; pGSN, plasma gelsolin; FIGO, International Federation of Gynecology and

Obstetrics; vs, versus; epi, epithelial
"Estimated from Cox propodnal hazard regression model.

"Confidence interval of the estimated HR.
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M1 macrophages were treated with seiffuee RPMI 1640 media (negative control),
0.5uM etopogle (positive control), sEVs(40 pg/400,000 cells) and emltured with
chemosensitive (HGS, OV2295 and endometrioid, A2780s) and chemoresistant OVCA cells
(HGS, OV90; endometrioid, A2780cp) for 48 k. 3A). Apoptosis of M1 macrophages was
assessed using annexin V flow cytometRyg( 3B) and caspase& fluorescence microscopic
detection Fig. 3C) as well as Western blotting and Hoechst stainifgy.(3D & E).
Chemoresistant cetlerived sE and chemoresistant OVCA cells significantly induced M1
macrophage apoptosis (assayed mdaaically by Hoechst nuclear stainingig. 3D & E),
compared with chemosensitive cells, which was evidenced by increased annexin vFigells (
3B) and increased caspalactivation Fig. 3C - E). Tumor infiltrated M1 macrophages secrete
ant-tumor facte s such as i NOS and TNFU, which induc
contributing to improved patient survivgB4, 35) Thus , we examined i NOS€
production by M1 macrophages after theircedture with OVCA cancer cells. NOS and TNFU
secretions by M1 macrophages were significantly decreased when treated witheshstan
cellsderived sEVs or cocultured with chemoresistant OVCA cells compared with
chemosensitive cells, regardless of the histologic sub#yige 3D - E). This suggests that SEVs
derived from chemoresistant OVCA cells, regardless of histologicypeibare capable of

suppressing the viability and atimor functions of M1 macrophages.

pGSN is directly involved with M1 macrophages apoptosis and antumor suppression
To further demonstrate thaGSN is indeed involved in the induction of M1 macragé
apoptosis as observed above, we performed &gs gairof-function studies in which pGSN in

chemoresistant OVCA cells (OV90 and A2780cp) was knocked down (KD) with two (2)
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different siRNAs (50 nM; 24 h), as well as oxexpressed (OX) in chemosensgicells, which
otherwise express low pGSN (OV2295 and A2780s) using cDNA (2 pg; Zid)4A & B).
Scrambled plasmids were used as controls. pPGSN KD and OX were confirmed by Western
blotting (Supplementary Fig. S6A & B). M1 macrophages were then -coltured with
chemoresistant celsSGSN-KD and chemosensitive cellg5SN-OX and their respective control
cells for 48 h. Knocking down pGSN from chemoresistant OVCA cells significantly reduced
caspase activation and apoptosis in M1 macrophages; a respoasevds associated with
increased secreti dig. 4B).f Overerp@SsingapGaN i dhéEmdser(sitive
OVCA cells resulted in significantly increased casgasgctivation and apoptosis, which was
associated with decr eas ededwith@dtroacelldtig. ®WB).Fkls secr e
suggests that pGSN is an inhibitor of M1 macrophage function.

To further investigate the role of pGSN in M1 macrophage suppression, M1 macrophages
were treated with chemoresistant celésived conditioned media (OMIgG, sEVfdepleted CM
from chemoresistant cells+IgG (control), chemoresistant -delli’ed CM+pGSN blocking
antibody (bAb), as well as chemoreaist derived CM+pGSMAb+sEVs (Fig. 4C & D).
Increased caspaseactivation and apoptosis were observed in lWdcrophages when treated
with CM+IgG; a response that was attenuated by the presence of-p&SNFig. 4D).
Moreover, this blocking effect of the pGSN antibody could be overconsEl's (CM+pGSN
bAb+sEV9, aphenomenot hat was associated with drRgcr ease
4D). M1 macrophage apoptosis was further validated using recombinant human pGSN (10 uM;
24 h) (Supplementary Fig. S6C) M1 macrophage apoptosis was increased after rhpGSN
treatment, which weamarked by increased annexin V+ M1 macroph&§epplementary Fig.

S6C) Together, these ftings demonstrate that pGSN is they molecule in the
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chemoresistarderived SEVs responsible for suppressing the viability andtamior functions

of M1 macroplages.

DISCUSSION

In this present study, we have demonstrated for the first time the rel@sedmapGSN
as a modulator of inflammation, leading to chemoresistance in OVCA in part by resetting the
relative abundance and function of macrophage subtypesthe ovarian tumour
microenvironmentUnlike our previous studies which involved patients from Western countries,
the cohort used in the current study involves Asian patients which have an unusual patient
distribution in histology (high number of n@erais), age (< average age at diagnosis), tumor
stage (~60% stage 1), surgical outcomes (> average complete/optimal residual disease) and
treatment regimen (increased treatment response). This diversity could impart patient survival
and could explain why thisohort of patients has relatively higher PFS compared with patients
from Western countries. These strengthen the point that ethnic differences may play a huge role
in ovarian cancer pathology, management and patient slurviva
Using this Asian cohort, wéave shown that increased epithelial expression of pGSN is
associated with poor survival and chemoresistance. Although there was no significant difference
between pGSN expression in the epithelial and stromal regions, the epithelial pPGSN expression
provided the most clinical relevance. These findings are consistent with our previous studies
where increased pGSN mMRNA levels were associated with poor prognosis regardless of
treatment regimen or the OVCA histological subtyp®). This also supports the findings from
other studies in which pGSN levels were implicated in keadneck, ovarian and prostate

cancerg19, 21, 22, 24, 25)
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Sup. Fig.5.S5 M1 macrophage differentiation and polarization (A) THP-1 monocytes were
differentiated into MO macrophages by PMA treatment (150 nM; 24 h). MO macrophages were
polarized to M1 macrophages withNo (20ng/ml) + LPS (10pg/ml) for 24 h. Differentiation

and polarization were confirmed l§B) microscopy,(C) flow cytometry andD) Western blot

(CD14, CD68, HLADR, beta actin and GAPDH).
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Figure 5.3 Chemoresistant cellgderived sEV attenuates the anttumor function of M1
macrophages by increased caspasedependent apoptosis and decreased secretion of iINOS
and T NF B).M1 (marophages were -@ultured with seruniree media (negative control;
48 h), etoposide (0.5 pM; 48 h), Ovoand A2780cpderived sEV (40 pg/400,000 cells; 48 h),
0OV2295 and A2780s (48 h) and OV90 and A2780cp (48 h). M1 macrophagesipopts
assessed by Annexin -MTC flow cytometry, caspasg activation detection assay,
morphologically by Hoechst 33258 DNA staining)d Western blot. INO@VI1 macrophage)
and TNFU @& macephage nosditioned mediare determined byluorometric
assay (Ex/Em=485/530nm) and ELISA respectively-¢agpase, activated caspast pGSN
and betaactin contents were assessed by Western (Mdt macrophage lysateslResults are
expressed as means + SD from three independent replicatensspist[ B, (a; *** P<0.001 vs
b, ¢ and d);C, (a; *** P<0.001 vs b, a; P<0.05 vs c);D, (a; *P<0.01 vs b and ¢)E, (a;

** P<0.01 vs b and c)]Scale bar is 100 pm.
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Figure 54 pGSN is directly involved with M1 macrophages apoptosis and antumor
suppression. (A)M1 macrophages (bottom chamber) werecatiured with OVCA cells [upper
chamber; chemoresistant, chemoresispgd8NKD (SiRNA 1 and 2; 50 nM; 24 h),
chemosensitive and chemosensHp@SNOX cells (cDNA; 2 ug; 24 h)] of different histalic
subtypes (HGS and endometrioid OVCA cells; 48(B). M1 macrophages were -@ultured

with OV90/A2780cp (pGSN siRNAL and 2; 50 nM; 24 h) and OV2295/A2780s (cDNA 2 ug; 24
h). Scramble RNAs and empty vectors were used as control for the knock down and
overexpression respectivelfC) M1 macrophages were treated with the following: CM + 1gG,
sEV-depleted CM + 1gG (control), CM + pGSN blocking antibodpl§lp and CM + pGSMoAb

+ sEVs CM was derived from chemoresistant cells (OV90 and A27800pM1 macrofpages
were treated witflCM + IgG, sEVtdepleted CM + 1gG (control), CM + pGSbAb and CM +
pGSNbAb + sEVs(3 ml; 48 h) Procaspase, activated caspasss pGSN and betactin
contents were assessed by Westerntibtptassay(M1 macrophage lysategnd ap@tosis
determined morphologically by Hoechst 33258 DNA stainiNOS (M1 macrophagegnd
TNFU s e (Wl enacrophages conditioned mediare determined by fluorometric assay
(EXJEm=485/530nm) and ELISA, respectively. Results are expressed as mdarfsom3hree

independent replicate experimen8, (a; *** P<0.001 vs b)C, (a; *** P<0.001 vs b]
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Sup. Fig.5.56 pGSN knockdown and overexpression confirmation in seVs and rhpGSN
induced apoptosis in M1 macrophagegA) Chemoresistant OVCA cells (OV90 and A2780cp)
were treated with pGSN siRNA1 and 2 (50 nM; 24 (B) Chemosensitive OVCA cells
(OV2295 and A2780s) were treated with pGSN cDNA (2 pg; 24 h). Conditioned media from
treated cells were collected and sEVs isala@GSN and sEV marker (CD63) contents were
assessed by Western blottir{@) M1 macrophages were treated with rhpGSN M) 24 h).

DMSO was used as control. Apoptosis was analysed by counting Annexin V+ M1 macrophages

using flow cytometry.
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Thus, targeng pGSN by way of monoclonal antibodies or small molecule inhibitors
could provide therapeutic advantages to patients with OM€gdardless of their ethnic
backgroundSince pGSN is highly detectable in all histologic subtypes, targeting it will not only
provide therapeutic advantage to patients with HGS, but to all patients with other histologic
subtypes.

Harnessing the antumor functions of CD8+ T cells has shown much promise, however
minimal therapeutic success has been achi€ved6, 37) This has motivated us to investigate
other antitumor immune cells such as turressociated macrophages (TAMs) to determine if
they could be rprogrammed to kill OVCA cells in the tumor microenvironment. Although there
was no significant difrence with M1 macrophage infiltration in both compartments, a
prolonged survival was observed in patients who had increased infiltration in the cancer islet
(epithelial compartment). This is consistent with other findings in breast, colon, lung and head
and-neck cancers where M1 macrophage infiltration was associated with better survival and
improved treatment responsg8-41). TAMs that exhibit M1 phenotypes are classically-pro
inflammatory and have high phagocytic properties. These cells in their functional state also
produce increased |levels of TNFU and i NOS, wh
increasing the presence of M1 macrophages in the tumor environment while inhibiting the
expression of tumor pGSN could provide survival benefits to patiehts. might explain the
correlation between increased M1 macrophage infiltration and prolonged survival.

Increased M2 macrophage infiltration in the epithelium, but not the stroma, was
associated with chemoresistance, although no difference in infiltration was identified between
patients with high and low pGSN levels. M2 macrophages possessnpoogenic poperties

and secrete cytokines such as4lLIL-10 and IL-:13 that inhibit other immune cells and promote
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tumor growth(8, 9, 13) Thus, it is not surprisindhat increased infiltration of this population of

cells reducd responsiveness to chemotherapy. These findings are consistent with other studies
showing similar associations in breast, glioblastoma, lung, prostate, gastric, prostate and
colorectal cancerg8, 9, 38, 39, 42) Reengineering TAMs to expss M1 macrophage
phenotypic genes provides ahtiu mo r effects and has the pote
survival (40).

We further investigated the potential relationship between epithelial pGSN expression
and TAM infiltration. We observed a significant positive correlation between pGSN expression
and M1/M2 ratio in both the epithelial and stroma compartments. This nadicative of the
inflammatory status of the ovarian TME, provides the relative abundance of the two cell
populations at a time and could be used as a diagnostic index. Interestingly, we observed that,
although epithelial pPGSN positively correlated with khhacrophages, the survival impact of the
M1 macrophages were hindered. Specifically, the mean PFS dropped significantly from 85.5
months to 28.2 months. Similar phenomevere seen when the M1/M2 macrophage ratio was
used. This was only significant with PB8t not OS. PFS is suggestive of the tumor biology and
is a key determining factor for tumor recurrence and chemoresisttiogeugh this cohort is a
mix of different histologies and difficult to stratify the biologic effects for each subtype due to
sampe size, the observed findings are intriguing and worth investigating further.

Establishing reliable diagnostic and prognostic factors in cancer, especially OVCA, is
key to improving the overall survival of patients. In both-@md multivariate analysigpithelial
pPpGSN and residual disease (RD) emerged as independent predietorsngst all prognostic
factors investigated’ associated with progressidree survival. Although there was no

significant correlation between epithelial and stromal expressiopGSN, epithelial pGSN
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expression increased with stage and residual digSaggplementary Fig. 7AC). Thereforeit
is not surprising that epithelial pGSN was found to be an independent prognostic marker,
together with RD. This observation is consistesith our previous study where poperative
circulating pGSN presented as a lessmsive marker for predicting residual disease and
indicating stage 1 OVCA26). Thus, we were further motivated to investigate the inhibitory role
of pGSN in M1 macrophages vitro.

Chemoresistant OVCA cells secrete increased levels of pGSN that are transported via
SEVs (19). sEVs containing pGSNautaregulates its gene and in a paracrine manner confers
cisplatin resistance to otherwise chemosensitive ¢@®y. We theefore hypothesized that
exosomal pGSNnodulates the prmflammatory environment in the ovarian TME part by
downregulating M1 macrophage viability and function, an effect that lowers the M1/M2 ratios
associated with a shortening patient survival. Upon investigation, we demonstrated that
chemoresistant celderived sEVs compared with their sensitive mewuparts induced M1
macrophage death via casp&sactivation, phenomena associated with a secondary suppression
of i NOS and TNFU production. Silencing the pG
in attenuation of M1 macrophage caspa@s&ctivation, apoptosis and the elevated productions of
i NOS and TNFU. These responses were the opp
chemosensitive cellsThese observations support our hypothesis and are also consistent with
other studies wherexosomapGSN suppesses the anrtumor functions of immune cells such as
CD8+ T cells and natural killer T cel(22, 43) To the best of our knowledge, this is the first
study to demonsate theinhibitory role of pGSN on M1 macrophage viability and function in
the ovarian TME.The possibility that pGSN may also alter the phenotype of TAMs is worth

considering in future studies.
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Although the precise cellular mechanism by which pGSN promote clesistance in
OVCA remains unclear, that pPGSN modulates the inflammatory microenvironment by reducing
the viability of M1 macrophages in the cancer islet could provide part of the explanation.
Although the functional relationship between pGfeNuced M1 turour infiltration and
apoptotic response is unclear, the possibility that pGSN induces migration of macrophages into
the tumour nest to better facilitate its fpoptotic funton, remains to be determine@ur
findings are also consistent with other sasdiwhere recombinant human pGSN reduced
inflammatory cytoki nes-6ia UPSstimuaged HurNad BeratindcidsU a n ¢
(44), RAW264.7(45), peritoneal macrophagé$5) and THR1 cells(45) as well as carrageenan
induced paw edema in mi¢é6). We would predict based on our results that combining pGSN
inhibitors with other immune checkpoint blockers, such as-RID{l and antPDL1 will
significantly inhibit tumor growth and unleash the atimor properties of CD8+ T cells, NK
cells and M1 macrophages. This will provide a broad-tamior approach and could enhance
patient survival.

In conclusion, we have demonstrated forfiret time that increaseggGSN modiates the
pro-inflammatory environment in the ovarian TME, favouring chemoresistance and poor patient
survival. In patients with low pGSN expression, the M1/M2 ratio was elevated, which predicts
improved survival and chemoresponsiven@sg. 5A). In patients with high pGSN expression,

M1 macrophages are selectively attracted into the cancer islet and their viability reduced without
affecting the viability of M2 macrophages. Thus, the M1/M2 ratio is significantly decreased and

favors poor survivaind chemoresistan¢Eig. 5B).
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Sup. Y979 . Epi theli al pGSN expression increases
subopti mal resiEpudlhetli as¢ap&ESN( AXpressi on was

with Ilow (n=62) and high (n=32) stage. Pati en

st agBEpi t hel i al pGSN expression was compared
(n=79) bamtdi nsaul (n=15) RD. P values was <cal cu
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