European Journal of Obstetrics & Gynecology and Reproductive Biology: X 2 (2019) 100012

European Journal of Obstetrics & Gynecology and

journal homepage: www.elsevier.com/locate/eurox

Contents lists available at ScienceDirect

Reproductive Biology: X

Evaluation of lysophosphatidic acid in vaginal fluid as a biomarker
for ovarian cancer: A pilot study

Check for
updates

Evelyn Minis, Kevin Holcomb, Giovanni Sisti, Dimitrios Nasioudis, Tomi T. Kanninen,
Aikaterini Athanasiou, Melissa K. Frey, Eloise Chapman-Davis, Thomas A. Caputo,

Steven S. Witkin*

Department of Obstetrics and Gynecology, Weill Cornell Medicine, New York, New York, United States

ARTICLE INFO

ABSTRACT

Article history:

Received 6 January 2019

Received in revised form 11 March 2019
Accepted 13 March 2019

Available online 18 March 2019

Keywords:

Adnexal mass

CA125

Endometrioid ovarian cancer
Lysophosphatidic acid

There remains a need to differentiate between women with a benign or a malignant adnexal mass prior to
surgery. As part of an ongoing evaluation of vaginal fluid compounds as potential tumor biomarkers we
evaluated whether vaginal lysophosphatidic acid (LPA) predicted the subsequent diagnosis of a
malignant adnexal mass. In this prospective pilot study vaginal fluid was obtained from 100 post-
menopausal women referred for evaluation of a suspicious adnexal mass and tested for LPA by ELISA.
Clinical data and serum CA125 results were obtained only after completion of all laboratory testing.
Twenty eight of the women were subsequently diagnosed with an ovarian malignancy, four had a
borderline tumor and 68 had a benign diagnosis. Among women with a malignant ovarian mass, 11
(39.3%) had an endometrioid adenocarcinoma +/— Clear cell tumor components, 6 (21.4%) had a high
grade serous carcinoma, 3 (10.7%) had a mucinous tumor, 2 each (71%) had a malignant mixed
mesodermal or a granulosa tumor and 1 each (3.6%) had a Clear cell tumor, a mixed cell tumor,
leimyosarcoma or metastatic adrenal tumor. Compared to the median vaginal LPA level in women with
benign lesions (1.5 M), LPA was significantly elevated only in women with endometrioid ovarian cancer
(7.9 wM) (p=0.0137). Of the 6 endometrioid tumors in which values for both plasma CA125 and vaginal
LPA were available 5 were positive only for LPA while one was only CA125 positive. Detection of LPA in
vaginal secretions may be of value for the noninvasive diagnosis of endometrioid ovarian malignancies in
post-menopausal women.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

treatment and recurrence rather than detection of early stage
malignancy [3].

Determination of whether a suspicious adnexal mass is an
ovarian cancer is currently made only following invasive surgery
and pathological analysis of excised tissue. Since only a minority of
these women will in fact have a malignancy [1], the discovery of a
biomarker to noninvasively determine whether or not an adnexal
mass is malignant could greatly reduce the incidence of
unnecessary surgery.

Currently, serum CA125 is the most commonly used biomarker
to detect ovarian cancer. However, about 25% of women with stage
1 ovarian cancer will have a normal CA125 and multiple benign
conditions may cause CA125 elevations [2]. To date, CA125 has
been shown to be most useful in predicting the response to
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Recent findings indicate that some ovarian cancers originate as
premalignant intraepithelial lesions in the distal fallopian tube and
that transformed cells subsequently migrate to the ovary [4,5].
Women who have undergone a tubal ligation have a decreased risk
of developing ovarian cancer, especially endometrioid and serous
types [6]. Thus, in women with ovarian cancer compounds
associated with development of this malignancy may be present
in the upper genital tract, migrate to the lower genital tract and
accumulate in the vagina.

A scarcity of studies have evaluated vaginal fluid as a potential
source of cancer-associated biomarkers. An investigation in 1997
determined that CA125 as well as carcinoembryonic antigen (CEA)
and squamous cell carcinoma (SCC) antigen were detectable in
vaginal fluid and that the levels of all three compounds were
highest in 20 women with benign gynecological diseases as
compared to 10 with squamous cell carcinoma, 5 with endometrial
cancer, 3 with vulva carcinoma, 8 healthy pre-menopausal and 7
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healthy post-menopausal women [7]. A later study reported that
the level of CA125 in the vagina and cervix was highest in women
with endometrial hyperplasia and endometrial cancer [8]. A
comparative evaluation of three tumors biomarkers - CA125, CEA
and CA19-9 - in vaginal wash samples from 30 women in each
group with either advanced primary ovarian cancer or benign
ovarian cysts revealed highly elevated levels of all 3 compounds in
the malignant group [9]. In the most recent study women with
precancerous endometrial intraepithelial neoplasia or endometrial
adenocarcinoma had higher and similar vaginal concentrations of
CA125 than did women with non-endometrioma ovarian cysts,
endometrial hyperplasia or dysfunctional uterine bleeding [10].

Lysophosphatidic acid (LPA, 1-acyl-2hydroxy-sn-glycero-3-
phosphate) is a phospholipid produced by malignantly trans-
formed ovarian epithelial cells. It has been shown to stimulate cell
proliferation and invasion, increase expression of factors involved
in angiogenesis and levels are elevated in sera and ascites fluid
from women with ovarian cancer [11-14]. LPA has also been shown
to inhibit autophagy in a prostate tumor cell line [15]. We
previously reported that vaginal fluid from women with a
malignant adnexal mass inhibited autophagy in peripheral blood
mononuclear cells to a greater extent than did vaginal fluid from
women with a benign mass [16].

As a component of our ongoing investigation of possible
predictive biomarkers of a malignant adnexal mass in vaginal fluid,
and based on prior associations between circulating LPA levels and
ovarian cancer, we evaluated whether the LPA concentration in
vaginal fluid would be elevated in women subsequently diagnosed
with a malignant adnexal mass.

Material and methods

Subjects The subjects in this prospective study were 100
women referred to the Division of Gynecologic Oncology at Weill
Cornell Medicine for evaluation of a suspicious adnexal mass. All
subjects were referred for evaluation due to a pelvic mass of
presumed gynecologic origin noted on pelvic sonography or
magnetic resonance imaging. Inclusion criteria were post-meno-
pausal status, the ability to collect vaginal samples that could be
sent to the laboratory for processing within a 3 h time period and
ability to provide written informed consent. Exclusion criteria
were women with prior hysterectomy, history of malignancy,
presence of vaginal bleeding, signs or symptoms of infection or no
plan for undergoing surgical evaluation of their mass at Weill
Cornell. Subsequent to vaginal sample collection all women
underwent surgical exploration by laparoscopy or laparotomy
and surgical resection of the adnexal mass, as described previously
[16]. Briefly, the adnexal masses were resected and intraoperative
pathology consultation was utilized. When an invasive malignancy
was present, further surgical staging procedures including total
hysterectomy, bilateral salpingo-oopherectomy, pelvic and para-
arortic lymph node sampling and oomentectomy were performed
when clinically indicated. The final pathological diagnosis was
determined by an attending gynecologic pathologist utilizing
techniques and tissue samples standard at our hospital. The study
was approved by the Institutional Review Board of Weill Cornell
Medicine and all subjects signed informed written consent.

Samples Vaginal fluid was obtained during a speculum-based
examination by scraping a cotton swab against the posterior
vaginal wall and shaking the contents into a tube containing one ml
sterile phosphate-buffered saline. The tube was centrifuged and
the supernatant stored in aliquots at —80 °C until assayed. Samples
with visible blood contamination were discarded.

Assays Thawed aliquots of vaginal secretions were assayed for
LPA by a commercial ELISA kit (Echelon Biosciences, Salt Lake City,
Utah). LPA was detected with a monoclonal antibody that did not

exhibit reactivity with LPA analogs. Values were converted to uM
by reference to a standard curve generated in parallel to each assay.
The lower limit of sensitivity was 0.064 M. Intra-and inter-assay
variability was <10%. Peripheral blood serum was assayed for
CA125 in the Weill Cornell clinical laboratory by a standard
chemiluminescent immunoassay. The laboratory staff was blinded
to all clinical data including CA125 results that were obtained by
chart review only after completion of the lab analyses.

Statistics Differences in LPA and CA125 levels between women
with a benign or malignant mass were analyzed by the non-
parametric Mann-Whitney test since values were not normally
distributed. A serum CA125 concentration of 35 U/ml is typically
used as the cutoff for malignancy [3], and we utilized this value in
our study. An LPA concentration >7.25 wM was operationally
designated as the cutoff for detection of a malignant lesion, based
on the observation that >90% of women with a benign diagnosis
had a vaginal LPA level below this value. Differences between
positive values for CA125 and LPA for each type of malignancy were
assessed by Fisher’s exact test. A two sided p value <0.05 was
considered significant. GRAPH PAD INSTAT (Graph Pad Software,
San Diego, CA) was utilized for the analysis.

Results

Characteristics of the study population are detailed in Table 1. A
malignant adnexal mass was detected in 28 women, four had a
borderline tumor while 68 had a benign lesion. Women in the
three groups were of a similar mean age, had a comparable mean
age at menarche and menopause and were of similar gravidity,
parity and body mass index. The majority of women in each group
were White. Analysis of these multiple variables negated their
possible confounding influence on vaginal LPA levels. There was no
difference in the use of hormone replacement therapy (HRT)
between groups. The median CA125 level was 52.2 U/ml in women
with a malignant mass, 14.6 U/ml in those with a borderline tumor
and 11.0 U/ml in those whose mass was benign (p<0.0001
malignant vs. the other two groups).

Among women with a malignant ovarian mass, 11 (39.3%) had
endometrioid ovarian cancer with or without Clear cell tumor
components, six (21.4%) had high grade serous cancer, three (10.7%)
had a mucinous tumor, two each (7.1%) had a malignant mixed
mesodermal or a granulosa tumor and one of four women (3.6%) had
a Clear cell tumor, a mixed cell tumor, leimyosarcoma or metastatic
adrenal tumor. The majority of women with a benign diagnosis had
either a cystadenoma (44.1%) or another type of cyst (33.8%).

The concentration of LPA in vaginal fluid from women with each of
the different ovarian malignancies as well as the individual benign
conditions is shown in Table 2. Individual values for women with a
malignant or benign mass are presented in Fig. 1. The median vaginal
LPA concentration was highest in the six women with serous ovarian

Table 1

Characteristics of post-menopausal women evaluated for an adnexal mass.
Characteristic Benign Borderline Malignant

N=68 N=4 N=28

Mean age in years (SD) 63.2 (9.4) 63.0(11.7) 66.2(10.2)
Using HRT 12(182%) O 9 (26.5%)
Mean age at menarche (SD)  12.5(1.2) 13.0(0) 13.3 (1.9)
Mean age at menopause (SD) 49.1(5.8) 47.5(3.3) 50.7(4.1)
Median gravida (range) 2 (0-10) 3 (0-4) 2 (0-9)
Median parity (range) 2 (0-9) 2(0-3) 2 (0-5)
Mean body mass index (SD]” 26.4(5.8) 271(5.2) 25.3 (5.0)

Per cent White race 70.7% 75.0% 85.2%
Median CA125 (range) 11.0(2.8-75) 14.6(9.3-117) 52.2 (5.7-7778)"

HRT, hormone replacement therapy.
2 p < 0.0001 vs. benign and borderline.
b keg/m?2.
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Table 2

Association between lysophosphatidic acid concentration in vaginal secretions and
differential pathological diagnosis in women with a benign or malignant adnexal
mass.

Diagnosis No. women LPA (M)
Malignant

Endometroid +/- Clear cell 11 7.9 (1.9-24.3)*
Serous 6 9.5 (1.0-16.1)°
Mucinous 3 2.6 (1.2-15.2)
MMMT 2 1.1 (0.9-1.4)
Granulosa 2 9.1 (4.2-14.1)
Other 2 4.4 (1.6-7.3)
Clear cell 1 1.6

Mixed 1 0.2

Borderline

Serous 2

Mucinous 2

Benign

Cystadenoma 30 1.2 (0.4-6.6)
Other cysts 23 2.7 (1.2-21.8)
Teratoma 6 1.1 (0.5-2.3)
Fibroma 6 2.0 (0.5-4.4)
Endometriosis 3 0.3 (0-7.9)
Total benign 68 1.5 (0.5-4.3)

Values are median (25%-75%) wM; Endometrioid +/— Clear cell, endometrioid
tumor with and without clear cell components; MMMT, malignant mixed
mesoderm tumor (carcinosarcoma); Other, metastatic adrenal, leiomyosarcoma.
3p = 0.0137 vs. benign; ®p = 0.1267 vs. benign; “p = 0.1208 vs. benign.
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Fig. 1. LPA in vaginal fluid from women with a benign or malignant adnexal mass.
Vaginal fluid was collected from women being screened for an adnexal mass and
tested for LPA by ELISA. The type of malignancy was subsequently determined by a
gynecologic pathologist.

MMMT, malignant mixed mesoderm tumor (carcinosarcoma).

cancer (9.5 wM), one woman with a granulosa tumor (9.1 M) and
eleven with an endometrioid malignancy (7.9 wM). However, most
likely due to the low number of subjects evaluated only in women with
an endometrioid ovarian malignancy was the LPA level significantly
elevated (p=0.0137) compared to the median level in women with
benign diagnoses (1.5 uM). None of the women with a malignant mass
and 6 women with a benign mass had an undetectable LPA level in their

vaginal sample. Only four women with benign conditions - two with a
serous cystadenoma and one each with a mucinous cystadenomaand a
mesothelial cyst - had a vaginal LPA concentration >7.25 WM. HRT
administration had no effect on the vaginal LPA level (data not shown).

Values for serum CA125 were available for 23 of the 28 women
with a malignant adnexal mass. The relative ability of vaginal LPA
and serum CA125 to detect the various adnexal mass-related
malignancies is shown in Table 3. Of six women with endometrioid
ovarian cancer five (83.3%) were positive only for vaginal LPA while
one (16.6%) was only CA125 positive. None were positive for both
LPA and CA125. Of six women with a serous carcinoma five were
CA125 positive (three only CA125 positive and two CA125 and LPA
positive) and three were LPA positive (one LPA only and two LPA
and CA125 positive). The median CA125 level was higher in women
with a serous carcinoma (71 U/ml) than in those with
endometrioid cancer (20 U/ml). Among the other malignancies
only one, a woman with a granulosa tumor, was LPA positive and
CA125 negative.

Discussion

LPA was detected in vaginal fluid from all women with a
malignant adnexal mass as well as in 91% of those whose mass was
benign. The vaginal LPA concentration only in women with
endometrioid ovarian cancer was significantly higher than the
level present in vaginal fluid from women with various benign
diagnoses. Furthermore, LPA predicted the detection of an
endometrioid ovarian cancer in 83.3% of women with this
diagnosis while CA125 was positive in only 16.6% of these women.
In contrast, the vaginal LPA assay was inferior to serum CA125
determination for detection of serous ovarian carcinoma. Serum
CA125 and vaginal LPA were positive in 83% and 50% of women
with this diagnosis, respectively. Among women with a malignant
adnexal mass the serum concentration of CA125 was lower in
those with an endometrioid ovarian tumor than in those with
serous ovarian cancer. This further suggests that CA125 is superior
for detection of serous carcinoma than for endmetrioid covarian
cancer. The tentative conclusion from these observations is that
determination of the vaginal LPA concentration might be a more
sensitive measurement than serum CA125 to noninvasively detect
the presence of endometrioid ovarian cancer, but not serous
carcinoma, in women with a suspicious adnexal mass.

Endometrioid ovarian cancer is classified as a type 1 low grade
malignancy. It has been estimated to represent about 10% of ovarian
cancersand is often associated with priorendometriosis. Prognosis is
usually favorable, especially if confined to the ovary [17,18]. Two
studies have reported that vaginal levels of CA125 were higher in
women with endometrial adenocarcinoma than in women with
benign ovarian cysts, endometrial hyperplasia or uterine bleeding
[7,8]. In addition, the incidence of endometriod ovarian cancer is
lowered in women who have undergone a tubal ligation [6]. These
observations suggest the involvement of genital tract components in
development of this malignancy. The finding that vaginal LPA is
higher in women with this diagnosis is consistent with this
suggestion. Elevated levels of LPA in the vagina might be due to its
transduction from the systemic circulation and/or by its local
production within the genital tract and subsequent migration and
collection in the vagina. The association of LPA with only one type of
ovarian malignancy, endometrioid cancer, argues against
transduction being a major contributor to vaginal LPA levels.

The source(s) of LPA in vaginal fluid remain to be determined.
Platelet activation has been shown to be a source of LPA release
into the circulation [19]. In addition, transformed epithelial cells
from women with gynecologic malignancies produce LPA [10].
Thus, both a pro—inflammatory immune response that stimulates
platelet activation and local production by transformed cells may
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Table 3

Comparison of women with different ovarian malignancies positive for vaginal lysophosphatidic acid and CA125.

Diagnosis No. tested No. (%) positive

CA125 only LPA only Both Neither
Endometrioid+/— Clear cell 6 1(16.6) 5(83.3) 0 0
Serous 6 3 (50.0) 1(16.7) 2(33.3) 0
Mucinous 3 1(33.3) 0 1(33.3) 1(33.3)
MMMT 2 2(100) 0 0 0
Granulosa 2 0 1(50.0) 0 1 (50.0)
Other 2 0 0 1(50.0) 1 (50.0)
Clear cell 1 0 0 0 1(100)
Mixed 1 1 (100%) 0 0 0

Endometrioid +/— Clear cell, endometrioid tumor with and without clear cell components; MMMT, malignant mixed mesoderm tumor (carcinosarcoma); Other, metastatic

adrenal, leiomyosarcoma.

likely contribute to the elevation in vaginal LPA in women with
endometrioid ovarian cancer.

Limitations of the study must be acknowledged. Due to the low
number of subjects analyzed the study must be designated as
hypothesis testing and is subject to confirmation. In addition, studies
on pre-menopausal womenwith an adnexal mass, as well as pre-and
post-menopausal women without an adnexal mass, also remain to
be conducted. The use of more sophisticated measurements of
vaginal LPA, for example by mass spectrometry-based methods, are
needed to provide additional information on fatty acid chain length
and saturation. Advantages of the study are that it was prospective,
all procedures and diagnoses were from a single institution and
samples for CA125 and for LPA were obtained at the same time.

In conclusion, detection of an association between vaginal LPA levels
and an ovarian malignancy in this pilot study suggests that analysis of
vaginal components as biomarkers for this cancer is biologically
plausible and deserves further investigation. The LPA assay may
especially be of value for the pre-surgical detection of endometrioid
ovarian cancer in post-menopausal women with a suspicious adnexal
mass. Further analysis on a larger sample size and among different
populations is needed to verify the tentative conclusions and assess the
potential clinical utility of vaginal LPA determination.
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