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Abstract

The diagnosis of endometriosis may delay for many years due to non-deterministic symptoms and avoiding surgical interventi(Q
Kisspeptins are hormones that interact with endometrial tissue to limit invasions during placentation and various cancers and
are suggested to be also associated with endometriosis. This study evaluated if serum kisspeptin levels are associated with the
invasion depth in endometriosis. Forty patients between 18 and 45 years of age and admitted to a tertiary-care Obstetrics and
Gynecology Department between 2020 and 2021 with a diagnosis of endometriosis, and 40 patients without endometrioma
were included in the study. Demographic, obstetric, clinical, and biochemical characteristics were evaluated in patients with
superficial (SE) and deep infiltrating (DIE) endometriosis and healthy controls. Twenty patients (50%) had SE, 14 (35%) had DIE,
and 22 (55%) had endometrioma in the patient group. Fertility rates were higher among controls, but similar between patients
with SE and DIE. CA125 levels were significantly higher in the DIE group. SE and DIE groups had similar kisspeptin values,
significantly higher than controls. CA125 and kisspeptin levels were not correlated in study groups. Serum kisspeptin levels were
significantly different between endometriosis patients and healthy controls. However, kisspeptin levels were unable to differentiate
endometriosis severity. Our results suggest that kisspeptins might play a role in the pathogenesis of endometriosis, which needs

further assessment in more comprehensive studies.

Abbreviations: DIE = deep infiltrating endometriosis, MMP = matrix metalloproteinases, SE = superficial endometriosis.
Keywords: deep infiltrating, endometrioma, endometriosis, kisspeptin, pathogenesis, superficial

1. Introduction

Endometriosis is a benign condition characterized by the
ectopic localization of the endometrial glandular and stro-
mal structures out of the uterine cavity, with a prevalence of
10-15% among women at reproductive ages.!'>! However,
specific populations have significantly higher prevalence, such
as 40% in adolescents with genital system abnormalities, 50 %
in infertile women, and 70% in patients with pelvic pain.l6-!1l
Although the exact path of progression is still unknown, sev-
eral mechanisms are suggested to develop ectopic implants,
including Mullerian residuals, lymphatic or vascular invasion,
and coelomic metaplasia.l'! But, the most widely accepted is
Sampson’s retrograde menstruation theory, which suggests the
endometrial cell backflow in fallopian tubes and implantation
to the peritoneal cavity.["?! Pelvic endometriosis lesions are
classified as superficial-peritoneal, ovarian (endometrioma),
or deep infiltrating based on the localization and invasion
depth.l13-tel
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Matrix metalloproteinases (MMP) 2 and 9 facilitate cell
migration and invasion by degrading the extracellular matrix
and may play a role in the pathogenesis of endometriosis.[”-2"]
Although endometriosis is a benign disorder, it also has charac-
teristics similar to malignities like adhesion, invasion, and local-
ization on ectopic tissues.?*3% Kisspeptins are peptides encoded
by the KISS1 gene localized on 1q32 that was first described as a
metastasis suppressor gene in human malign melanoma cell cul-
tures, thus also called metastin.31-34 Kisspeptins are also known
as neuropeptide hormones of the RF-amid family that interact
with MMP in endometrial tissue to form focal adhesions to
limit the tissue, limit trophoblast invasion during placentation,
and suppress metastasis in various cancers (malign melanoma,
choriocarcinoma, and bladder, gastric, esophagus, pancreas,
endometrium cancers).[?!:32:33:35-401 Kisspeptins also regulate the
hypothalamic-hypophysial-gonadal axis and acknowledge as
neuropeptides that are effective during puberty and have repro-
ductive roles.'* Endometriosis changes kisspeptin and mag-
nesium metabolism. Local role of kisspeptin signaling in the
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control of follicular dynamics and ovulation has been identi-
fied in accelerated ovarian aging in endometriosis. Magnesium
and kisspeptin are successfully used as dietary supplements for
treatment of endometriosis. Endometriosis changes kisspeptin
and magnesium metabolism.***¢! Local role of kisspeptin sig-
naling in the control of follicular dynamics and ovulation has
been identified in accelerated ovarian aging in endometriosis.
Magnesium and kisspeptin are successfully used as dietary sup-
plements for treatment of endometriosis.!*’!

The diagnosis of endometriosis is generally delayed about 7
to 12 years due to inconclusive symptoms and risks associated
with surgical diagnosis.””*! Nonsurgical diagnosis of endome-
triosis may include a combination of clinical and radiological
assessments that might be supported by microRNA mark-
ers.’-%4 Currently, there is no pathognomonic laboratory test
for endometriosis. Although the serum Ca125 levels increase in
endometriosis (>35 U/mL), it has no role in primary diagnosis
and does not inform about the invasion depth. Given the prob-
able association of kisspeptin with the pathogenesis of endome-
triosis, this study hypothesized and evaluated whether it might
also be associated with the invasion depth in endometriosis.

2. Materials and methods

This prospective observational study was conducted at the
Ondokuz Mayis University Faculty of Medicine between 2020
and 2021 and approved by the local ethics committee of Ondokuz
Mayis University with the approval number of 2021/66. As a result
of power analysis, forty women aged 18 to 45 years and diagnosed
with endometrioma formed the patient group. Forty women in the
same age range without endometrioma and any symptoms were
included in the control group. Patients who had undergone endo-
metrial cyst surgery or had a history of cancer were not included in
the study. In the control group, patients underwent diagnostic L/S
for infertility, and the presence or absence of endometriosis was
confirmed surgically in all participants.

All participants provided informed consent at recruitment
before collecting blood samples to analyze serum Cal25 and
kisspeptin levels. Ca125 and kisspeptin levels were analyzed
biochemically by Elisa method. In addition, the demographic,
obstetric, clinical, and biochemical characteristics were evalu-
ated in patients with superficial endometriosis (SE) and deep
infiltrating endometriosis (DIE) and healthy controls.

2.1. Statistical analyses

Descriptive statistics were presented using frequency and per-
cent for categorical data, median, interquartile range (25th-75th
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percentiles— inter-quartile range), and minimum and maxi-
mum values for non-normally distributed continuous variables.
Comparisons between independent groups were performed using
the Chi-square test for categorical variables and the Kruskal-
Wallis non-parametric analysis of variances test for continuous
variables. Post hoc pairwise comparisons for interpreting statis-
tically significant results in overall comparisons were made using
the Mann—Whitney U test. All statistical analyses were considered
significant at a type-I error level of 5% (P <.05), and post hoc
pairwise comparisons were evaluated using Bonferroni correction.
SPSS 25 (IBM Inc., Armonk, NY) was used for statistical analyses.

3. Results

Twenty patients (50%) had SE, 14 (35%) had DIE,and 22 (55 %)
had endometrioma in the patient group. Median ages (P =.12)
and body-mass indexes (P =.64) were similar. Obstetric char-
acteristics revealed that the fertility rates were significantly dif-
ferent between groups (P =.002), but the gravida was similar
(P =.11). The proportion of fertile patients was significantly
higher among controls but similar between patients with SE and
DIE. Clinical characteristics regarding dysmenorrhea (P =.29),
dyspareunia (P = .067), and chronic pelvic pain (P =.29) were
similar, but CA125 (P <.001) and kisspeptin (P <.001) lev-
els were significantly different between groups. Accordingly,
CA125 levels were significantly higher in the DIE group but
similar between SE and control groups. For kisspeptin levels,
SE and DIE groups had similar values, significantly higher than
controls. Demographic, obstetric, and clinical characteristics
and laboratory analyses are summarized in Table 1.

Correlations between CA125 and kisspeptin levels were pre-
sented in scatterplot graphs in Figure 1. Analyses revealed that
CA125 and kisspeptin levels were not correlated in SE (R = 0.27;
P=.25), DIE (R=-0.11; P=.71), and control (R =0.056;
P =.73) groups.

4. Discussion

The pathophysiology of endometriosis is still not known pre-
cisely despite rigorous research, and the treatment is symptom-
atic rather than curative.™ Although Sampson’s retrograde
menstruation theory is widely accepted, other factors like
genetic susceptibility, environmental factors, and changes in
immune and endocrine functions are suggested to play a role in
the pathogenesis.?%%!

The eutopic endometrium of women with and without endo-
metriosis are histologically similar but different at the cellular
and molecular levels, including abnormal expression of tissue

Basal demographic and clinical characteristics of patients.

Superficial endometriosis Deepinfiltrating endometriosis Control
(n=20) (n=14) (n =40) P
Age (yr), median [IQR] 32.5[29.5-37.5] 36 [28-39] 29.5 [23-34.5] 12
BMI (kg/m?), median [IQR] 23.7 [22-28.5] 22.4[21.3-28.8] 25.4 [21.6-29.7] .64
Fertility, n (%) .002
Virgin 6 (30) 3(21.4) -
Infertile 6 (30) 7 (50) 11 (31.4)
Fertile 8 (40) 4(28.6) 24 (68.6)
Gravida, median [min-max] 0[0-5] 0 [0-6] 1[0-6] e
Dysmenorrhea, n (%) 12 (60) 8 (57.1) 14 (40) .29
Dyspareunia, n (%) 1) 4 (28.6) 11319 .067
Chronic pelvic pain, n (%) 11 (55) 8 (57.1) 13(37.1) .29
CA125, median [IQR] 40.3 [20.2-56.5] 227.1 [102.7-580] 59.3 [20.2-84.1] <.001
Kisspeptin, median [IQR] 134.4 [108.9-525.8] 159.2 [91.2-188.2] 62.5[39.9-96.1] <.001

IQR = inter-quartile range.
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Figure 1. Correlations between CA125 and kisspeptin levels in study groups.

MMPs, several cytokines, growth factors, steroid receptors,
17-B-hydroxysteroid dehydrogenase deficiency, resistance to the
protective effect of progesterone, and decreased apoptosis.?”!
Moreover, an association between endometriosis and clear cell
and endometrioid ovarian cancers was also shown by previous
epidemiological studies.?”’ Nevertheless, there is no pathog-
nomic laboratory finding for endometriosis.

Several urinary and endometrial biomarkers are evaluated for
noninvasive diagnosis of endometriosis, but none are found to
have clinical utility.’$¢2 The CA125 is the most studied marker
and has shown to be correlated with endometriosis (>35 U/mL),
but its sensitivity is low in mild endometriosis (sensitivity 28 %,
specificity 90%), and functions better in the diagnosis of grade
3 to 4 endometriosis, thus not routinely assessed for the pri-
mary diagnosis.!’1361:63-661 Some other biomarkers studied were
CA19-9 which has shown to be correlated with the endometrio-
sis severity,[*”-**! serum placental protein 14 (PP14—glycodelin-A),
interleukin-6, and tumor necrosis factor-o,, which have limited
diagnostic accuracy.!"7°7? In addition, serum hepatocyte growth
factor and CA19-9 expressions were correlated with patient age,
prognosis, number of nodules, and infiltration depth and were
found to be higher in grade III-IV patients than in grade I-II
cases.””! Another biomarker associated with ovarian endome-
triosis and enlargement of ovarian cysts is an estrogen-related
receptor-o., which is suggested to be used to monitor the dis-
ease progression non-invasively.”! Studies are ongoing to iden-
tify potential biomarkers to evaluate and monitor the disease
progression.”s7?

Endometriosis shares many features of cancer, particularly
migration and invasion; on the contrary, kisspeptins have
antimetastatic characteristics in various cancer types.’>% In
addition, the KISSTR mRNA levels were previously found to
be statistically significantly higher in the cumulus cells of endo-
metriosis patients compared to healthy oocyte donors. Thus,
KISSTR expression was suggested as a potential factor that
might have a role in endometriosis and associated infertility and
can be used as a biomarker for diagnosing endometriosis.!®!!

Previous studies also revealed that kisspeptin expression var-
ies in the glandular or stromal endometrial components in endo-
metriosis.[$%$283 The kisspeptin levels were lower in the eutopic
endometrial glandular epithelium but similar in the stromal
endometrium of women with endometriosis when compared to
women without endometriosis.!®! Another study also reported
that KISS1 expression was similar in stromal components from
endometriosis lesions, eutopic endometrium, and healthy con-
trols, but the expression was significantly lower in eutopic
glandular endometrium than in ectopic lesions.®! Since KISS1
is known to suppress metastasis, low levels in eutopic endome-
trium may permit migration to ectopic localization, suggesting
a potential role of KISS1 in endometriosis, which also supports
Sampson’s theory.

A previous study reported that the expression of kisspeptin
was significantly lower in DIE than in SE, which may explain
that lower kisspeptin expression might be associated with inva-
sion depth given the antimetastatic feature of the kisspeptin.!s!

Another study showed that peripheral blood kisspeptin levels
were significantly higher, but endometrial KISS1/KISS1R expres-
sions were lower in endometriosis patients than in controls. In
addition, the KISS1 expression and receptor KISS1R were sig-
nificantly increased in endometrioid heterotopic regions on the
pelvic peritoneum compared to normal peritoneal fragments.
Also, the KISSTR receptor expression fields in the endometri-
oid heterotopic areas were significantly larger than the eutopic
endometrium of endometriosis patients and the endometrium of
the women in the control group.®'Contrary to these findings,
another study reported that KISS1 expression was not observed
in any of the eutopic and ectopic endometrium samples from
endometriosis patients, and almost none of the endometrial tis-
sues of the control group,® which were then presumed to be
associated with the methods as well as the limited number of
the samples analyzed./®¥

The tissue studies evaluating the kisspeptin and its receptor
levels in deep, superficial, and ovarian endometriosis patients
reported that deep lesions had lower levels of KISS1, thus,
suggesting that kisspeptin might contribute to implant inva-
siveness.!®3 When compared to SE, lower KISS1 levels were
found in both glandular and stromal endometrium in deep
and ovarian endometriosis, whereas lower KISS1R levels were
observed in the glandular component of ovarian endometrio-
sis. Additionally, comparisons of KISS1 and KISS1R between
eutopic endometrium of endometriosis patients and normal
endometrium of control patients revealed that endometriosis
patients had decreased levels, which are concordant with pre-
vious studies. 8384

This study found that the serum kisspeptin levels were sig-
nificantly different between endometriosis patients and healthy
controls. The increased levels among endometriosis patients
were in accordance with the serum findings of Aylamazyan et
al.%! Nevertheless, our primary aim, determining the endome-
triosis severity using serum kisspeptin levels, seems not possible
based on these results. Although endometriosis patients and the
control group differ regarding kisspeptin levels, superficial and
deep endometriosis patients were not significantly different.

To the best of our knowledge, there is no study on the kiss-
peptin and CA1235 association in endometriosis in the literature.
Our study is the first that reported on this association, but no
further assessments are available due to the lack of simultane-
ous evaluation of tissue kisspeptin expression. Previous studies
reported that serum levels of CA125 were associated with endo-
metriosis severity, but our results were contrary. This might be
partly associated with the patient characteristics, but we consid-
ered that kisspeptin and CA125 levels were not superior to each
other in determining endometriosis severity.

The body mass index is strongly negatively correlated with
the severity of endometriosis.l*”-*! We have not evaluated the
influence of BMI on Serum Kisspeptin Levels and we acknowl-
edge this as a limitation of the study.

Kisspeptins are thought to have a role in the pathogenesis
of endometriosis. Nevertheless, further studies are needed for
utilizing KISS1 as a marker for a neater understanding of the
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pathogenesis of the endometriosis, potentially targeted thera-
pies, and identifying early and minimal invasive disease.
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