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Abstract

Background Resistance to chemotherapy continues to be a challenge when treating epithelial ovarian cancer (EOQ),
contributing to low patient survival rates. While CA125, the conventional EOC biomarker, has been useful in monitor-
ing patients’response to therapy, there are no biomarkers used to predict treatment response prior to chemotherapy.
Previous work in vitro showed that plasma gelsolin (pGSN) is highly expressed in chemoresistant EOC cell lines, where
itis secreted in small extracellular vesicles (sEVs). Whether sEVs from tumour cells are secreted into the circulation of
EOC patients and could be used to predict patient chemoresponsiveness is yet to be determined. This study aims to
identify if SEV-pGSN in the circulation could be a predictive biomarker for chemoresistance in EOC.

Methods Sandwich ELISA was used to measure pGSN concentrations from plasma samples of 96 EOC patients
(primarily high grade serous EOC). sEVs were isolated using ExoQuick ULTRA and characterized using western blot,
nanoparticle tracking analysis, and electron microscopy after which pGSN was measured from the sEVs. Patients were
stratified as platinum sensitive or resistant groups based on first progression free interval (PFI) of 6 or 12 months.

Results Total circulating pGSN was significantly decreased and sEV-pGSN increased in patients with a

PFI < 12 months (chemoresistant) compared to those with a PFlI> 12 months (chemosensitive). The ratio of total pGSN
to sEV-pGSN further differentiated these groups and was a strong predictive marker for chemoresistance (sensitivity:
73.91%, specificity: 72.46%). Predetermined CA125 was not different between chemosensitive and chemoresistant
groups and was not predictive of chemoresponsiveness prior to treatment. When CA125 was combined with the ratio
of total pGSN/sSEV-pGSN, it was a significant predictor of chemoresponsiveness, but the test performance was not as
robust as the total pGSN/sEV-pGSN alone.

Conclusions Total pGSN/sEV-pGSN was the best predictor of chemoresponsiveness prior to treatment, outperform-
ing the individual biomarkers (CA125, total pGSN, and sEV-pGSN). This multianalyte predictor of chemoresponsiveness
could help to inform physicians’treatment and follow up plan at the time of EOC diagnosis, thus improving patients’
outcomes.
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Introduction

Despite epithelial ovarian cancer (EOC) being one of the
most common gynecological cancers [1, 2], late-stage
presentation and chemoresistance present significant
challenges to tumour control and oncologic outcomes.
This ultimately results in an elevated case fatality rate
among most EOC patients [1]. Standard of care manage-
ment of EOC includes a combination of aggressive sur-
gical debulking and combination chemotherapy with a
platinum drug and taxane derivatives either in a neoad-
juvant and/or adjuvant clinical setting [3]. Unfortunately,
many patients will eventually recur due to development
of chemoresistance [4]. Chemoresistance is commonly
defined in terms of progression free interval (PFL; time
between completion of adjuvant chemotherapy and
signs/symptoms of recurrent disease). Clinically, a PFI of
6 or 12 months is used as a cut-off to determine differ-
ent degrees of platinum sensitivity [4]. Presently, cancer
antigen 125 (CA125) is the most commonly used bio-
marker in EOC to aid in the diagnosis, prognostication,
and assessment of therapy effectiveness [5-7]. While
serum CA125 concentrations during and after chemo-
therapy are effective in monitoring disease response or
progression, CA125 has not been shown to be effective in
predicting response to chemotherapy prior to treatment
[8]. As such, there are no existing biomarkers that can be
used to predict chemoresponsiveness prior to chemo-
therapy initiation.

Small extracellular vesicles (SEVs) are a subset of extra-
cellular vesicles that range in size from~30—150 nm
[9]. These small vesicles are released by all cell types and
carry a molecular signature that reflects that of the origi-
nating cell [10], including nucleic acids, proteins, lipids,
and metabolites [9]. Because of their cargo and pres-
ence in circulation, sEVs are a promising source of mini-
mally invasive biomarkers, as they can be retrieved from
blood or urine samples. In the context of ovarian cancer
chemoresistance, many studies have identified cargo of
extracellular vehicles (EVs) that play a role at the level of
the tumour microenvironment to promote subsequent
drug resistance [11-14]. Studies are necessary to evalu-
ate whether these EV cargo at the systemic circulatory
level could be used to predict chemoresistance in EOC
patients prior to the start of chemotherapy.

Gelsolin (GSN) is a calcium modulated actin-binding
protein, playing an important role in cytoskeletal rear-
rangement and cell motility and morphology [15]. GSN
has two well-studied isoforms; cytosolic GSN (cGSN)

remains within the cell, while plasma GSN (pGSN) is
the secreted isoform. These isoforms arise from differ-
ent transcription start-sites and alternative splicing [15,
16]. pGSN plays an important role as an actin scavenger
in the blood, preventing actin polymerization [17]. Much
work has been done to elucidate what role pGSN plays
in resistance to chemotherapy in EOC. More specifically,
pGSN within the tumour downregulates the anti-tumour
functions of immune cells in the tumor microenviron-
ment (CD8+T cells, CD4+T cells, dendritic cells and
M1 macrophages) [18-20]. pGSN is over-expressed
in chemoresistant cells, transported via sEVs and con-
fers resistance in otherwise chemosensitive cells [14].
Although circulatory pGSN is indicative of early stage
EOC and residual disease [21], its clinical utility in pre-
dicting chemoresistance is yet to be studied. Additionally,
we have yet to examine the presence and clinical utility of
sEV-derived pGSN (sEV-pGSN) in EOC.

In this study, we investigated whether sEV-pGSN prior
to treatment presents as a predictive biomarker of chem-
oresistance and compared with total pGSN and CA125.
Identifying sEV-pGSN as an important predictor of
chemoresistance would provide useful clinical informa-
tion that could inform physicians’ treatment plan, follow
up, and hopefully improve patient outcomes.

Results

Patient characteristics

This study used plasma samples from 96 EOC patients.
Most of these patients had high-grade serous pathology
(72%), while 26% of them have a non-serous subtype.
One individual in this group had low-grade serous EOC.
Further, approximately 70% of the samples were collected
from individuals with FIGO stage III EOC. Few patients
(9%) had recurrence within 6 months of treatment, while
24% had recurrence within 12 months. Further details of
patient demographics are described in Table 1.

Chemoresistant patients have elevated total pGSN

but decreased sEV-pGSN at the time of diagnosis
compared to chemosensitive patients

Although CA125 has been shown to be useful in moni-
toring EOC patients during and after chemotherapy [6,
7], there is yet to be a validated biomarker that has a clin-
ical application in predicting chemoresponsiveness before
treatment initiation [22, 23]. In this cohort of patients,
blood samples were collected prior to surgical debulking
and chemotherapy. Predetermined CA125 was correlated
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Table 1 Patient characteristics

Characteristic Number (n=96) %

Age (range: 36-82, average 61)

<61 47 49
>61 49 51
Histopathologic Subtype
High-grade serous 69 72
Low-grade serous 1 1
Undefined 26 27
FIGO Stage
1 8 83
2 10 104
3 67 69.8
4 1 115
Progression Free Interval
<6 months 9 9
>6 months 87 91
<12 months 23 24
>12 months 73 76

with the patients’ response to chemotherapy treatment.
As expected, no difference in CA125 is observed between
platinum resistant (PFI <6 or 12 months) and platinum
sensitive (PFI>6 or 12 months) disease (Supplementary
Fig. 1A, Fig. 1A).

In the same group, total pGSN and sEV-pGSN were
measured in the plasma samples. For this, sEVs were
isolated from plasma samples and characterized using
Western blot, nanoparticle tracking (NTA), and immuno-
electron microscopy (iEM). The Western blot confirmed
the presence of intact sEVs in three representative sam-
ples with positive staining for sEV surface markers (CD9,
CD63, CD81), GAPDH, and the absence of calnexin
(a negative sEV marker) (Supplementary Fig. 4A). We
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confirmed the presence of pGSN grouped within sEVs
with iEM (Supplementary Fig. 4B). Lastly, we determined
the size distribution of sEVs with 5 representative samples
using NTA, where the mean and median particle sizes
were 174 nm and 141 nm, respectively (Supplementary
Fig. 4C). The mean level of pGSN was lower in chemore-
sistant patients (PFI<12 months; 69 pg/mL+6.8) com-
pared to chemosensitive patients (pGSN>12 months;
107 pg/mL +5.2) (p=0.0002, Fig. 1B). Conversely, chem-
oresistant patients (PFI <12 months, 59 ng/mL £ 5.1) had
elevated sEV-pGSN compared to chemosensitive patients
(PFI>12 months, 45.9 ng/mL =+ 3.5) (p=0.0239, Fig. 1C).
Although a similar trend was observed when patients
were stratified by a PFI <6 months, the differences were
not statistically significant (Supplementary Fig. 1B-C).
These results suggest that total and sEV-pGSN have a
potential clinical utility as biomarkers of chemoresistance
(PFI <12 months) in EOC patients.

To better understand how pGSN relates to patient
survival, we performed Kaplan—Meier analysis to evalu-
ate how high- or low-pGSN is associated with length of
survival. This includes both disease-free survival (DFS,
the time between treatment and recurrence) and over-
all survival (OS, the time between diagnosis and death).
We found that while low-pGSN was associated with both
DES (cutoft: 78.03 pg/mL, p=0.0153) and OS (cutoft:
87.06 ng/mL, p=0.0229), sEV-pGSN was not (Supple-
mentary Fig. 2A-D).

The ratio of total pGSN/sEV-pGSN outperforms individual
markers in predicting EOC chemoresistance

Previous studies in cancer and other diseases have dem-
onstrated that multi-analyte panels of biomarkers out-
perform individual biomarkers in patient diagnosis and
disease management [24—26]. We investigated whether
combining total pGSN with sEV-pGSN would enhance
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Fig. 1 Total pGSN and sEV-pGSN are significantly associated with chemoresistance. Distribution of individual biomarkers between chemoresistant
(PFI <12 months) and chemosensitive (PFI> 12 months) groups using dot plots. Points on dot plots represent individual patient biomarker
concentrations. Lines with error bars represent group mean and SEM. A CA125, Mann-Whitney U-test. B Total pGSN, Student t-test. C sEV-pGSN,

Mann-Whitney U-test
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prediction of chemoresponsiveness in EOC patients
compared to the individual markers. To do so, we cal-
culated their ratio (total pGSN/SEV-pGSN) and com-
pared the means (or mean ranks) between the groups.
We found that regardless of PFI stratification, chemore-
sistant patients had significantly lower total pGSN/sEV-
pGSN ratios (PFI, 6 months: p=0.0264; PFI, 12 months:
p<0.0001) (Supplementary Fig. 2A and Fig. 2A). In com-
parison, neither individual marker showed a significant
difference for PFI of 6 months (Supplementary Fig. 1B-
C). Taken together, these findings highlight the clini-
cal importance of the total pGSN/sEV-pGSN ratio as a
multi-analyte biomarker in differentiating chemoresist-
ant EOC patients from chemosensitive patients.

Further, we found that low total pGSN/sEV-pGSN had
a statistically significant relationship with shortened DFS
(cutoff: 1.6, p=0.0226). While the relationship between
this ratio and OS was not statistically significant (cutoft:
1.6, p=0.0547), we do see a trend in a low ratio being
associated with shortened OS (Supplementary Fig. 2E-F).

<0.0001

Total pGSN/SEV-pGSN

PFl = 12 months PFI > 12 months
Progression Free Interval (PFI)

0.6133

sEV-pGSN/CA125

PFl <12 months PFI > 12 months
Progression Free Interval (PFI)

Page 4 of 9

CA125 has no significant clinical utility in a multianalyte
panel when differentiating chemoresistant

from chemosensitive EOC patients

To investigate if using CA125 in a multi-analyte panel
of biomarkers would further enhance the differentia-
tion of chemosensitive from chemoresistant groups, we
calculated two ratios using CA125 (total pGSN/CA125
and sEV-pGSN/CA125). Neither ratio had significant
differences between chemosensitive and chemoresist-
ant patients (PFI 6 months: Supplementary Fig. 2B-C,
PFI 12 months: Fig. 2B-C). When the three biomark-
ers were combined by dividing total pGSN/sEV-pGSN
by CA125, a significant difference was observed at both
PFI 6 months and 12 months (p=0.0446 and 0.0382,
respectively). Although a significant difference was
observed with total pGSN/sEV-pGSN/CA125, this was
not as strong as total pGSN/SsEV-pGSN alone (without
CA125), suggesting that CA125 adds no clinical value
to total pGSN/sEV-pGSN in differentiating chemore-
sistant from chemosensitive EOC patients.
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Fig. 2 Total pGSN/sEV-pGSN shows the strongest association with chemoresistance. Distribution of multi-analyte biomarkers between
chemoresistant (PFI < 12 months) and chemosensitive (PFI> 12 months) groups using dot plots. Points on dot plots represent individual patient
biomarker concentrations. Lines with error bars represent group mean and SEM. A Total pGSN/sEV-pGSN. B Total pGSN/CA125. C sEV-pGSN/CA125.
D (Total pGSN/sEV-pGSN)/CA125. Mann-Whitney U-test used for all four multi-analyte biomarkers
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Total pGSN/sEV-pGSN is the best biomarker combination
to predict chemoresistance in EOC patients

We further examined the clinical test performance of
the individual biomarkers and their combinations using
receiver characteristic operating (ROC) curve analysis.
In this cohort of patients, CA125 was unable to pre-
dict which individuals would have recurrence within 6
or 12 months of treatment (Supplemental Fig. 3B and
Fig. 3B, respectively). Meanwhile, total pGSN predicted
a PFI of 12 months with a sensitivity of 73.1% and speci-
ficity of 65.75% (cutoff=86.37 pg/mL, AUC=0.7451,
p=0.0004) and sEV-pGSN with a sensitivity of 60.87%
and specificity of 62.32% (cutoff=50.57 ng/mlL,
AUC=0.6572, p=0.0245) (Fig. 3A). This was, however,
not the case for PFI of 6 months (Supplemental Fig. 3A).
Most impressively, total pGSN/SEV-pGSN greatly
improved the specificity of the test for predicting chem-
oresistance irrespective of the PFI stratification (Sup-
plemental Fig. 3A and Fig. 3A). We found that this ratio
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could predict a PFI of <12 months with a sensitivity of
73.91% and a specificity of 72.46% (cutoff: 1.586, Fig. 3A).

As expected, the introduction of CA125 in the panel
of biomarkers with total pGSN or sEV-pGSN alone
did not improve the ability to predict chemoresistance
(PFI 6 months: Supplementary Fig. 3B, PFI 12 months:
Fig. 3B). While the ROC analysis with the combina-
tion of all three markers did provide statistically signifi-
cant results (AUC=0.6560, p=0.0383, Fig. 3B), the test
performance was not as robust as when C125 was not
included, strengthening the observation that CA125 has
no clinical utility in predicting EOC chemoresistance
prior to the start of treatment.

Discussion

Two of the biggest challenges in managing metastatic
EOC are late-stage presentation and frequent devel-
opment of resistance to chemotherapy. Being able to
predict who will be at risk to develop resistant disease
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to common first line treatments, such as the current
standard of care of platinum and taxane combination,
would assist physicians in determining which course of
treatment to use. Ultimately, knowing if a patient won't
respond to a cytotoxic treatment ahead of time will
prevent unnecessary harm to the individual undergo-
ing the therapy. In this study, we compared CA125, the
commonly used biomarker in EOC, to total pGSN and
SEV-pGSN in their ability to predict subsequent chem-
oresponsiveness. We found that CA125 is unable to pre-
dict chemoresponsiveness prior to treatment, while total
PGSN/sEV-pGSN performed the best in this prediction.
The addition of SEV-pGSN increased the test specificity
that total pGSN alone lacked. A prognostic predictive
biomarker of chemoresponsiveness is particularly impor-
tant given current biomarkers, such as CA125, are only
used in patient diagnosis and treatment monitoring [5,
6].

In addition to its use as a diagnostic biomarker for
EOC, CA125 is also used to monitor the response of
patients to treatment. While this has proven to be effec-
tive, serum CA125 measured prior to chemotherapy
is ineffective in predicting survival [27, 28]. Our results
align well with these previous studies, where CA125
could not predict the time between completion of first
line treatment and recurrence, the metric which deter-
mines a patient’s chemoresponsiveness and eventual
prognosis. It is of special importance to find non-invasive
biomarkers that allow for accurate prediction of chem-
oresponsiveness and prognosis.

sEVs and their cargo are an emerging source of bio-
markers that can be obtained from liquid biopsies, such
as plasma and urine [29-32]. In the context of cancer,
plasma-derived sEVs that originate from the tumour
cells carry the molecular signature of these malignant
cells [10], thus offering an opportunity to detect mark-
ers of malignancy or cancer progression. While some
research has evaluated biomarkers for monitoring treat-
ment response, there still exists a gap in knowledge of
sEV-markers that could predict chemoresistance prior to
the start of treatment. This will significantly impact treat-
ment planning and patient risk stratifications.

Most groups that have investigated mechanisms by
which sEV cargo promote chemoresistance within the
EOC tumour microenvironment in vitro [11-13, 33, 34]
have not translated these findings to a clinical context.
Previous work in our laboratory highlighted the relation-
ship of pGSN with chemoresistance in EOC cell lines and
demonstrated an increase in sSEV-pGSN in chemoresist-
ant compared to chemosensitive cells [14]. To address
the above-mentioned gap in knowledge, we evaluated
whether sEV-pGSN in plasma samples collected before
primary treatment predicts the subsequent response
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to treatment. Excitingly, our results appear to support
this finding and suggest that elevated sEV-pGSN secre-
tion from chemoresistant EOC tumour cells is reflected
in chemoresistant patients. This offers an interesting
opportunity to use sEV-pGSN as a biomarker in a clinical
context.

While we saw an increase in SEV-pGSN in chemoresist-
ance EOC patients, reflecting elevated pGSN expression
in chemoresistant EOC cells, the opposite was observed
with total pGSN. Previous studies have highlighted that
decreased circulating pGSN is reflective of higher mor-
tality and longer stays in hospitalized patients [35] and
poor outcomes in COVID-19 patients [36]. Given the
physiological role of pGSN in circulation is to scavenge
actin, tissue damage as a result of tumor progression
could release actin into circulation, thus depleting cir-
culating pGSN through secretion through the kidney as
a measure to protect against actin toxicity [37]. With a
large proportion of patients in our study’s cohort having
advanced stages of EOC (III and IV), this could possibly
explain the depletion of total pGSN in chemoresistant
patients rather than an increase which would be reflec-
tive of the tumour microenvironment. This could also
explain why the addition of SEV-pGSN in the multiana-
lyte biomarker improve the specificity of the test results
when predicting chemoresponsiveness. It will be of great
importance to consider other illnesses or injuries in EOC
patients when using total pGSN to predict chemoresist-
ance (either alone or in combination with sEV-pGSN).
Whether the above mechanisms are at play awaits further
investigation.

Compared to the current standard biomarker of EOC
(CA125) that cannot be used to predict chemorespon-
siveness [8], the ratio of total pGSN/SEV-pGSN could
predict chemoresistance prior to treatment with a sensi-
tivity and specificity of 73.9% and 72.5%, respectively. The
combination of sEV-pGSN with total pGSN as a multi-
analytic biomarker outperformed total pGSN alone by
increasing its test specificity. This highlights the clinical
utility of sEV biomarkers and multi-analyte biomark-
ers. Validation of these findings in a larger cohort of
EOC patients will be necessary to prove clinical feasibil-
ity of this biomarker. If physicians can predict a patient’s
response to chemotherapy, this could help to inform
their treatment strategy. Improving the likelihood that a
patient will respond to the chosen therapy will undoubt-
ably improve survival outcomes of EOC patients.

While this work provides an interesting proof of con-
cept for evaluating pGSN as a biomarker for predicting
EOC patients’ response to chemotherapy, there is an
important limitation that will need to be addressed in
future work. The cohort of patients included in this study
are primarily of the high grade serous histologic subtype
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and in FIGO stage III. We cannot conclude whether
pGSN is a clinically relevant biomarker of chemoresist-
ance in other EOC subtypes or in earlier FIGO stages.
Future work in which there is an adequate representation
of histopathological subtypes and FIGO stages is neces-
sary. Given the biological difference between serous and
non-serous EOC, a larger cohort with better representa-
tion of histologic subtypes will allow us to determine the
relevance of total pGSN and sEV-pGSN as biomarkers of
chemoresistance across histologic subtypes of EOC.

With much research emerging to identify biomarkers
of ovarian cancer, it is important to take this work past
the bench and onto the bedside. Screening for identifiers
of poor response to chemotherapy at the time of diagno-
sis would save valuable time in aggressive treatment in
EOC patients. Once these findings are validated in the
larger context of histopathological subtypes and FIGO
stages, pursuit of clinical trials to interrogate pGSN as a
predictor of chemoresistance is necessary. The finding
that total pGSN/SEV-pGSN at the time of diagnosis pre-
dicts chemoresistance highlights the importance of using
multi-analytic biomarkers to maximize test performance.
This will help inform clinicians’ therapeutic approach to
EOC, as well as improve patient outcomes.

Materials and methods

Plasma samples

The 96 plasma samples used in this study were obtained
from the Banque cancer de l'ovaire, Centre de recherche
du CHUM (CRCHUM), in Montreal, Quebec, Can-
ada. These samples were collected between the years of
1992-2012 from individuals diagnosed with EOC and
before any treatment (chemotherapy or radiotherapy).
Gynecologic-oncology pathologists reviewed patient
tumour samples to determine histopathological subtype
and stage, as per the FIGO criteria. CA125 was meas-
ured in the clinic at the time of sample collection. Patient
demographics, including age, histopathological subtype,
FIGO stage, and PFI are described in Table 1. All patients
underwent an initial surgical debulking followed by
chemotherapy. Progression free interval (PFI) is defined
as the time between diagnosis and recurrence.

sEV isolation from plasma samples

To isolate sEVs from patient plasma samples, ExoQuick
ULTRA EV Isolation System (System Biosciences, cat #
EQULTRA-20A-1) was used and performed as per the
manufacturer’s protocol [38]. 40uL of plasma was mixed
with 500pL of 0.1 um-filtered phosphate-buffered saline
(PBS). The sEVs were isolated using 100puL of ExoQuick
reagent. The sEV depleted plasma was saved for western
blot analysis. Isolated sEVs were resuspended in 500uL of
0.1 um-filtered PBS. They were subsequently divided for
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downstream analysis (western blot, nanoparticle tracking
analysis, ELISA) and stored at -80 °C.

Nanoparticle tracking analysis

The concentration and size distribution of isolated sEVs
were measured by nanoparticle tracking analysis (NTA).
The ZetaView PMX110 Multiple Parameter Particle
Tracking Analyzer (Particle Metrix, Meerbusch, Ger-
many) was used in Size Mode, as previously described
[39].

Protein extraction, quantification, and western blot
Membranes of resuspended sEVs were disrupted by soni-
cation. Protein content from each sample was quantified
using the DC Protein Assay (BioRad, cat #5,000,116).
Equivalent amounts of protein (10 pg) from sEVs and a
positive control (endometrioid EOC cell line: A2780cp)
were prepared by adding lysis buffer (Roche, cat #
04,719,956,001) and Laemmli sample buffer (BioRad,
cat # 1,610,737) and then boiled for 4 min. Samples were
loaded into 12% acrylamide gels. Proteins were sepa-
rated using electrophoresis (100 V for 30 min, 120 V for
90 min) and then transferred onto nitrocellulose mem-
branes (110 V for 90 min). Protein migration was assessed
using Ponceau-S staining. Membranes were blocked
using 5% skim milk prepared in Tris-buffered saline-
Tween (TBS-T) for 1 h. Membranes were incubated in
primary antibody solutions (Rabbit polyclonal CD9; Sys-
tem Biosciences, cat # EXOAB-CD9A-1. Mouse mono-
clonal CD63; Abcam, cat # ab193349. Rabbit polyclonal
CD81; System Biosciences, cat # ECOAB-CD81A-1. Rab-
bit monoclonal GAPDH; Abcam, cat # ab181602. Rab-
bit monoclonal calnexin; Abcam, cat # ab133615) for
approximately 18 h, washed twice in TBS-T for 5 min,
followed by incubations with the appropriate secondary
antibody (Goat Anti-Mouse IgG (H+ L)-HRP Conjugate;
BioRad, cat # 1,706,516. Goat Anti-Rabbit IgG (H+L)-
HRP Conjugate; BioRad, cat # 1,706,515) for 1 h and final
membrane washings in TBS-T 3 times for 15 min each.
ECL Prime Western Blotting Detection Reagent (Amer-
sham, cat #RPN2124) was used to visualize protein bands
with the BioRad ChemiDoc MP.

Immunoelectron microscopy (iEM)
Isolated sEVs were pelleted by ultracentrifugation
(100,000 g for 90 min) and fixed as previously described
[40]. The iEM protocol is previously described by Asare-
Werehene et al. [14] using a monoclonal anti-pGSN anti-
body (ABGENT, cat # AM1936a).

Enzyme-linked immunosorbent assay
To measure both total circulating and sEV-specific
pGSN, enzyme-linked immunosorbent assay (ELISA)
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was performed. The human soluble plasma gelsolin sand-
wich ELISA kit from Aviscera Bioscience Inc. (SK00384-
01) was used as per the manufacturer’s instructions.
Plasma samples were prepared using a 1/15000 dilution,
while resuspended sEVs were prepared with a 1/5 dilu-
tion. Concentrations were measured in singlet, with the
blank OD being subtracted from each sample reading.
Total pGSN concentrations are reported in pg/mL while
sEV-pGSN concentrations are reported in ng/mL.

Statistical analysis

All statistical analyses were performed using Graph-
Pad Prism version 9.4.1. To compare biomarker means
between chemosensitive and chemoresistant groups,
Student t-test or Mann—Whitney U-test were used as
appropriate. Kaplan-Meier survival curves were used to
relate total and sEV-pGSN to DFS and OS. Fisher’s exact
test was used to determine cutoff-points. ROC analy-
sis was used to compare clinical test performances of
biomarkers.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513048-022-01086-x.

Additional file 1: Supplementary Figure 1. Distribution of individual
biomarkers between chemoresistant (PFI < 6 months) and chemosensi-
tive (PFI > 6 months) groups using dot plots. Points on dot plots represent
individual patient biomarker concentrations. Line with error bars represent
group mean and SEM. (A) CA125, Mann-Whitney U-test. (B) Total pGSN,
Student t-test. (C) SEV-pGSN, Mann-Whitney U-test. Supplementary
Figure 2. Kaplan-Meier survival analysis (log-rank test) between total
PGSN, SEV-pGSN, or total pGSN/SEV-pGSN with DFS or OS. Cut-off values
were determined using Fisher's exact test. (A) Total pGSN, DFS. (B) Total
pGSN, 0S. (C) SEV-pGSN, DFS. (D) SEV-pGSN, OS. (E) Total pGSN/SEV-pGSN,
DFS. (F) Total pGSN/sEV-pGSN, OS. Supplementary Figure 3. Distribution
of multi-analyte biomarkers between chemoresistant (PFI < 6 months)
and chemosensitive (PFI > 6 months) groups using dot plots. Points on
dot plots represent individual patient biomarker concentrations. Line

with error bars represent group mean and SEM. (A) Total pGSN/sEV-pGSN.
(B) Total pGSN/CA125. (C) sEV-pGSN/CA125. (D) (Total pGSN/SEV-pGSN)/
CA125. Mann-Whitney U-test used for all four multi-analyte biomarkers.
Supplementary Figure 4. Receiver operating characteristic curve analysis
for individual and multi-analyte biomarkers to predict PFI < 6 months. (A)
Total pGSN, sEV-pGSN, and total pGSN/sEV-pGSN. (B) CA125, total pGSN/
CA125, sEV-pGSN/CA125, and (total pGSN/sEV-pGSN)/CA125. Supple-
mentary Figure 5. Characterization of sEVs. (A) Western blot of sEV sur-
face markers (CD9, CD63, and CD81), a cytoplasmic marker (GAPDH), and
a negative sEV marker (calnexin). (B) Electron micrograph illustrating pGSN
within extracellular vesicles. (C) Size distribution curve from nanoparticle
tracking analysis of 5 representative samples. Bars represent mean particle
count and error bars represent SEM.

Acknowledgements

Banking of plasma samples was supported by the Banque de tissus et de
données of the Réseau de recherche sur le cancer (RRCancer) du Fonds de
recherche du Québec - Santé (FRQS), associated with the Canadian Tissue
Repository Network (CTRNet). AMMM is a researcher of the CRHUM, which
receives support from the FRQS.

Page 8 of 9

Authors’ contributions

MAW, EG and BKT conceived and designed the study. EG performed sEV isola-
tion and ELISA. sEV characterization was performed and analyzed by EG and
DB. sV fixation, immunoelectron microscopy and analysis were performed

by EG, MAW and AR. AMMM and EC provided plasma samples. TL informed
analysis and interpretation of clinical data. Statistical analyses were done by
EG and MAW. EG wrote the paper with scientific feedback from all authors. The
authors read and approved the final manuscript.

Funding

This study was funded by the Canadian Research Society (CRS, ID 25117,
awarded to BKT) and the Canadian Institutes of Health Research (CIHR, ID PJT-
168949, awarded to BKT). EG is a recipient of a Canada Graduate Scholarship-
Master's Award and MAW is a recipient of the Taggart Parkes Fellowship
Award, Cancer Therapeutic Program, The Ottawa Hospital Research Institute.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

This study was approved by both the Centre hospitalier de I'Uniersité de Mon-
tréal (CHUM) ethics committee (IRB approval number: BD 04-002) and the
Ottawa Health Science Network Research Ethics Board (IRB approval number:
OHSN-REB 1999540-01H). All work followed appropriate guidelines and all
patients provided written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors have no competing interests to declare.

Author details

!Chronic Disease Program, Ottawa Hospital Research Institute, The Ottawa
Hospital, Ottawa, ON K1Y 4E9, Canada. 2Department of Cellular and Molecular
Medicine, Faculty of Medicine, University of Ottawa, Ottawa, ON K1H 8L1,
Canada. >Department of Obstetrics and Gynecology, Division of Gynecologic
Oncology, Faculty of Medicine, University of Ottawa, Ottawa, ON K1H 8L1,
Canada. *Centre for Infection, Immunity, and Inflammation, Interdisciplinary
School of Health Sciences, University of Ottawa, Ottawa, ON K1N 6N5, Canada.
Department of Biology, St. Francis Xavier University, Antigonish, NS B2G 2Ws5,
Canada. °Clinical Epidemiology Program, Ottawa Hospital Research Institute,
The Ottawa Hospital, Ottawa, ON K1Y 4E9, Canada. ’Centre de Recherche

du CHUM Et Institut du Cancer de Montréal, Montréal, QC H2X 0A9, Canada.
8Département de Médecine, Université de Montréal, Montréal, QC H3T 1J4,
Canada.

Received: 31 October 2022 Accepted: 20 December 2022
Published online: 16 January 2023

References

1. Ovarian Cancer Statistics | CDC. 2022. https://www.cdc.gov/cancer/ovari
an/statistics/index.htm. Available from Cited 16 Sep 2022

2. Piechocki M, Koziotek W, Sroka D, Matrejek A, Miziotek P, Saiuk N, et al.
Trends in Incidence and Mortality of Gynecological and Breast Cancers in
Poland (1980-2018). Clin Epidemiol. 2022,24(14):95-114.

3. Chandra A, Pius C, Nabeel M, Nair M, Vishwanatha JK, Ahmad S, et al.
Ovarian cancer: Current status and strategies for improving therapeutic
outcomes. Cancer Med. 2019;8(16):7018-31.

4. Davis A, Tinker AV, Friedlander M. “Platinum resistant” ovarian cancer:
What is it, who to treat and how to measure benefit? Gynecol Oncol.
2014;133(3):624-31.

5. Charkhchi P, Cybulski C, Gronwald J, Wong FO, Narod SA, Akbari MR.
CA125 and Ovarian Cancer: A Comprehensive Review. Cancers (Basel).
2020;12(12):3730.


https://doi.org/10.1186/s13048-022-01086-x
https://doi.org/10.1186/s13048-022-01086-x
https://www.cdc.gov/cancer/ovarian/statistics/index.htm
https://www.cdc.gov/cancer/ovarian/statistics/index.htm

Gerber et al. Journal of Ovarian Research (2023) 16:14

20.

21.

22.

23.

24.

25.

26.

27.

28.

Wilbaux M, Hénin E, Oza A, Colomban O, Pujade-Lauraine E, Freyer G,

et al. Prediction of tumour response induced by chemotherapy using
modelling of CA-125 kinetics in recurrent ovarian cancer patients. Br J
Cancer. 2014;110(6):1517-24.

Tian C, Markman M, Zaino R, Ozols RF, McGuire WP, Muggia FM, et al.
CA-125 change following chemotherapy in prediction of treatment out-
come among advanced mucinous and clear cell epithelial ovarian can-
cers: a gynecologic oncology group study. Cancer. 2009;115(7):1395-403.
Sturgeon CM, Duffy MJ, Stenman UH, Lilja H, Briinner N, Chan DW, et al.
National academy of clinical biochemistry laboratory medicine practice
guidelines for use of tumor markers in testicular, prostate, colorectal,
breast, and ovarian cancers. Clin Chem. 2008;54(12):e11-79.

TaiY, Chen K, Hsieh J, Shen T. Exosomes in cancer development and clini-
cal applications. Cancer Sci. 2018;109(8):2364-74.

Zhang Y, LiuY, Liu H, Tang WH. Exosomes: biogenesis, biologic function
and clinical potential. Cell Biosci. 2019;9(1):19.

. Cao YL, Zhuang T, Xing BH, Li N, Li Q. Exosomal DNMT1 mediates cisplatin

resistance in ovarian cancer. Cell Biochem Funct. 2017,35(6):296-303.
Zhang F fang, Zhu Y fei, Zhao Q nan, Yang D tong, Dong Y ping, Jiang L,
et al. Microvesicles mediate transfer of P-glycoprotein to paclitaxel-sen-
sitive A2780 human ovarian cancer cells, conferring paclitaxel-resistance.
European Journal of Pharmacology. 2014;738:83-90.

Kanlikilicer P, Bayraktar R, Denizli M, Rashed MH, Ivan C, Aslan B, et al. Exo-
somal miRNA confers chemo resistance via targeting Cav1/p-gp/M2-type
macrophage axis in ovarian cancer. BioMedicine. 2018;38:100-12.
Asare-Werehene M, Nakka K, Reunov A, Chiu CT, Lee WT, Abedini

MR, et al. The exosome-mediated autocrine and paracrine actions

of plasma gelsolin in ovarian cancer chemoresistance. Oncogene.
2020;39(7):1600-16.

Nag S, Larsson M, Robinson RC, Burtnick LD. Gelsolin: The tail of a molecu-
lar gymnast. Cytoskeleton. 2013;70(7):360-84.

Li GH, Arora PD, Chen Y, McCulloch CA, Liu P. Multifunctional roles of
gelsolin in health and diseases. Med Res Rev. 2012;32(5):999-1025.

Lee WM, Galbraith RM. The extracellular actin-scavenger system and actin
toxicity. N Engl J Med. 1992;326(20):1335-41.

Asare-Werehene M, Communal L, Carmona E, Han'Y, Song YS, Burger

D, et al. Plasma gelsolin inhibits CD8+ T-cell function and regulates
glutathione production to confer chemoresistance in ovarian cancer. Can
Res. 2020;80(18):3959-71.

Giampazolias E, Schulz O, Lim KHJ, Rogers NC, Chakravarty P, Srinivasan

N, et al. Secreted gelsolin inhibits DNGR-1-dependent cross-presentation
and cancer immunity. Cell. 2021;184(15):4016-4031.e22.

Asare-Werehene M, Tsuyoshi H, Zhang H, Salehi R, Chang CY, Carmona

E, et al. Plasma gelsolin confers chemoresistance in ovarian cancer by
resetting the relative abundance and function of macrophage subtypes.
Cancers (Basel). 2022;14(4):10309.

Asare-Werehene M, Communal L, Carmona E, Le T, Provencher D,
Mes-Masson AM, et al. Pre-operative circulating plasma gelsolin pre-
dicts residual disease and detects early stage ovarian cancer. Sci Rep.
2019;9(1):13924.

Sharbatoghli M, Vafaei S, Aboulkheyr Es H, Asadi-Lari M, Totonchi M,
Madjd Z. Prediction of the treatment response in ovarian cancer: a ctDNA
approach. J Ovarian Res. 2020;19(13):124.

Lloyd KL, Cree IA, Savage RS. Prediction of resistance to chemotherapy in
ovarian cancer: a systematic review. BMC Cancer. 2015;15(1):117.
Muinao T, Deka Boruah HP, Pal M. Multi-biomarker panel signature as the
key to diagnosis of ovarian cancer. Heliyon. 2019;5(12): e02826.

Yang Z, LaRiviere MJ, Ko J, Till JE, Christensen TE, Yee SS, et al. A multi-
analyte panel consisting of extracellular vesicle miRNAs and mRNAs,
cfDNA, and CA19-9 shows utility for diagnosis and staging of pancreatic
adenocarcinoma. Clin Cancer Res. 2020;26(13):3248-58.

Alexander RV, Rey DS, Conklin J, Domingues V, Ahmed M, Qureshi J, et al.
A multianalyte assay panel with cell-bound complement activation prod-
ucts demonstrates clinical utility in systemic lupus erythematosus. Lupus
Sci Med. 2021;8(1): €000528.

Markman M, Federico M, Liu PY, Hannigan E, Alberts D. Significance of
early changes in the serum CA-125 antigen level on overall survival in
advanced ovarian cancer. Gynecol Oncol. 2006;103(1):195-8.

Gronlund B, Dehn H, H@Gdall CK, Engelholm SA, Jergensen M, Nergaard-
Pedersen B, et al. Cancer-associated serum antigen level: a novel prog-
nostic indicator for survival in patients with recurrent ovarian carcinoma.

Page 9 of 9

International Journal of Gynecologic Cancer. 2005 Sep 8;15(5). https://
ijgc.omj.com/content/15/5/836. Available from Cited 14 Sep 2022

29. YuD,LiY,Wang M, Gu J, Xu W, Cai H, et al. Exosomes as a new frontier of
cancer liquid biopsy. Mol Cancer. 2022;21(1):56.

30. LiS,YiM, Dong B, Tan X, Luo S, Wu K. The role of exosomes in liquid
biopsy for cancer diagnosis and prognosis prediction. Int J Cancer.
2021;148(11):2640-51.

31. Gao Z,Pang B, LiJ, Gao N, FanT, Li Y. Emerging Role of Exosomes in Liquid
Biopsy for Monitoring Prostate Cancer Invasion and Metastasis. Frontiers
in Cell and Developmental Biology. 2021;9. https://www.frontiersin.org/
articles/https://doi.org/10.3389/fcell.2021.679527. Available from Cited 6
Oct 2022

32. Zhou B, Xu K, Zheng X, ChenT, Wang J, Song ¥, et al. Application of
exosomes as liquid biopsy in clinical diagnosis. Sig Transduct Target Ther.
2020;5(1):1-14.

33, Zhu X, Shen H,Yin X, Yang M, Wei H, Chen Q, et al. Macrophages derived
exosomes deliver miR-223 to epithelial ovarian cancer cells to elicit a
chemoresistant phenotype. J Exp Clin Cancer Res. 2019;15(38):81.

34. Pink RC, Samuel P, Massa D, Caley DP, Brooks SA, Carter DRF. The pas-
senger strand, miR-21-3p, plays a role in mediating cisplatin resistance in
ovarian cancer cells. Gynecol Oncol. 2015;137(1):143-51.

35. Peddada N, Sagar A, Ashish, Garg R. Plasma gelsolin: a general prognostic
marker of health. Medical Hypotheses. 2012;78(2):203-10.

36. Asare-Werehene M, McGuinty M, Vranjkovic A, Galipeau Y, Cowan J,
Cameron B, et al. Longitudinal profiles of plasma gelsolin, cytokines
and antibody expression predict COVID-19 severity and hospitalization
outcomes. Frontiers in Immunology. 2022;13. https://www.frontiersin.
org/articles/https://doi.org/10.3389/fimmu.2022.1011084. Available from
Cited 21 Oct 2022

37. Wang H, Cheng B, Chen Q Wu' S, Lv C, Xie G, et al. Time course of plasma
gelsolin concentrations during severe sepsis in critically ill surgical
patients. Crit Care. 2008;12(4):R106.

38. Systemn Biosciences. ExoQuick® ULTRA EV Isolation System.. https:/www.
systembio.com/products/exosome-research/exosome-isolation/exoqu
ick-ultra/serum-and-plasma-0/the-purest-and-highest-yielding-ev-isola
tion-system. Available from Cited 12 Sep 2022

39. LytvynY, Xiao F, Kennedy CRJ, Perkins BA, Reich HN, Scholey JW, et al.
Assessment of urinary microparticles in normotensive patients with type
1 diabetes. Diabetologia. 2017;60(3):581-4.

40. Reunov A, Reunov A, Pimenova E, Reunova Y, Menchinskaiya E,

Lapshina L, et al. The study of the calpain and caspase-1 expression in
ultrastructural dynamics of Ehrlich ascites carcinoma necrosis. Gene.
2018;5(658):1-9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://ijgc.bmj.com/content/15/5/836
https://ijgc.bmj.com/content/15/5/836
https://doi.org/10.3389/fcell.2021.679527
https://doi.org/10.3389/fimmu.2022.1011084
https://www.systembio.com/products/exosome-research/exosome-isolation/exoquick-ultra/serum-and-plasma-0/the-purest-and-highest-yielding-ev-isolation-system
https://www.systembio.com/products/exosome-research/exosome-isolation/exoquick-ultra/serum-and-plasma-0/the-purest-and-highest-yielding-ev-isolation-system
https://www.systembio.com/products/exosome-research/exosome-isolation/exoquick-ultra/serum-and-plasma-0/the-purest-and-highest-yielding-ev-isolation-system
https://www.systembio.com/products/exosome-research/exosome-isolation/exoquick-ultra/serum-and-plasma-0/the-purest-and-highest-yielding-ev-isolation-system

	Predicting chemoresponsiveness in epithelial ovarian cancer patients using circulating small extracellular vesicle-derived plasma gelsolin
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Results
	Patient characteristics
	Chemoresistant patients have elevated total pGSN but decreased sEV-pGSN at the time of diagnosis compared to chemosensitive patients
	The ratio of total pGSNsEV-pGSN outperforms individual markers in predicting EOC chemoresistance
	CA125 has no significant clinical utility in a multianalyte panel when differentiating chemoresistant from chemosensitive EOC patients
	Total pGSNsEV-pGSN is the best biomarker combination to predict chemoresistance in EOC patients

	Discussion
	Materials and methods
	Plasma samples
	sEV isolation from plasma samples
	Nanoparticle tracking analysis
	Protein extraction, quantification, and western blot
	Immunoelectron microscopy (iEM)
	Enzyme-linked immunosorbent assay
	Statistical analysis

	Acknowledgements
	References


