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Abstract

The aim of this prospective study is to define markers that can be used in the diagnosis and fol-
low-up of patients with endometriosis by determining serum CA 125, transforming growth factor 1
(TGF-P1), interleukin 6 (IL-6), and IL-12 levels. The study group consisted of 14 patients diagnosed
to have mild to moderate peritoneal endometriosis, 47 patients with ovarian endometrioma during
laparoscopy and 12 healthy patients as a control group. Serum CA 125, TGF-pI, IL-6, and IL-12 levels
were evaluated using ELISA kits. Serum CA 125 levels were significantly higher in the endometrioma
group when compared to the control group (p < 0.001) and mild to moderate peritoneal endometriosis
group (p < 0.001). Mean serum TGF-B1 levels were significantly higher in the endometrioma group
when compared to the mild to moderate peritoneal endometriosis group (p < 0.001). In addition, serum
TGF-PBI levels were found to be significantly different with regard to the stage of the endometriosis.
Serum IL-6 levels were significantly higher in the endometrioma group compared to the endometriosis
group (p = 0.024) and control group (p = 0.05). Mean serum IL-12 levels were lower in patients with
endometriosis. In conclusion; TGF-B1 and IL-6 measurements might be a promising alternative in
adjunct to CA 125 for the non-invasive diagnosis of endometrioma. However CA 125, TGF-B1, IL-6
and IL-12 seem not to have the diagnostic value in the diagnosis of early stage endometriosis. Of all
the serum markers studied, only TGF-B1 was found to be correlated with the stage of endometriosis.
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Introduction

Endometriosis is an oestrogen-dependent clinical entity
characterized by the presence of endometrial glands and
stroma outside the uterus. It is estimated to occur in 3-10%
of reproductive age women [1-3]. Endometriosis interferes
with the quality of life by causing dysmenorrhoea, dyspa-
reunia, chronic pelvic pain and infertility.

Up to now, several mechanisms such as ectopic trans-
plantation of endometrial tissue, coelomic metaplasia, in-
duction theory and loss of apoptosis have been proposed
to explain the etiopathogenesis of endometriosis. The im-
mune system has been thought to play a role in the com-
plex events of endometriosis secondary to the fact that ret-
rograde menstruation was a common event in women, but
not all women who had retrograde menstruation developed
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endometriosis. It has been hypothesized that the disease
might develop as a result of altered immunologic clear-
ance of viable endometrial cells [4]. Substantial evidence
suggested that endometriosis was associated with a state of
subclinical peritoneal inflammation, marked by increased
inflammatory cytokines and growth factors. Cytokines and
growth factors are soluble low-molecular-weight proteins
with autocrine and paracrine effects that play a role in mi-
tosis, angiogenesis and chemotaxis [5, 6].

The gold standard in the diagnosis of endometriosis
is the histological examination of the surgically removed
tissue. A serum marker that is equally valuable for the
diagnosis of endometriosis has long been researched to
prevent any invasive procedure for the accurate diagnosis.
The most widely used serum marker for this purpose is CA
125 [7, 8]. Several studies have been performed to detect
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a serum marker equally or more valuable in the diagnosis
of endometriosis, but the results were conflicting [9-14].
Most of these data pointed to a possible use of interleukin 6
(IL-6) and transforming growth factor (TGF-$1) as serum
markers of endometriosis. Our prospective study aimed to
determine serum CA 125, TGF-B1, IL-6, and IL-12 levels
in patients with endometriosis. The study was expected to
define new serum markers that can be used in the diagnosis
and follow-up of patients with endometriosis.

Material and methods

Study design

This was a prospective study of 73 women referred to
the gynaecology clinic of the Gazi University School of
Medicine with a clinical or sonographic suspicion of endo-
metriosis and endometrioma, who underwent laparoscopy.
The control group consisted of 12 healthy patients who un-
derwent laparoscopy for suspected endometriosis or tubal
ligation and were confirmed to be free of endometriosis
and any ovarian cysts during surgery. The patients were at
the age of 18-40 years. The approval of the ethics commit-
tee of the Gazi University and informed consent from all
participants were obtained prior to the study.

The clinical suspicion of endometriosis was made ac-
cording to the symptoms of dysmenorrhoea, chronic pelvic
pain, dyspareunia, infertility, urinary and rectal symptoms.
The sonographic suspicion was made by the typical ultra-
sound characteristics, the presence of cystic ovarian mass-
es with homogeneous low-level internal echoes, punctuate
peripheral echogenic foci and thick cystic walls. Ovarian
endometriomas were detected before surgery by transvag-
inal ultrasound and then confirmed by histological ex-
amination. All ovarian endometriomas were = 3 cm. No
peritoneal implants or deeply infiltrating endometriosis
were observed during laparoscopy in the ovarian endome-
trioma group. In all patients with stage 1-2 endometriosis,
multiple biopsies were taken from suspected appearance
of endometriosis and were confirmed by histological ex-
amination.

Patients were divided into three groups: women with
stage 1-2 endometriosis confirmed by laparoscopy ac-
cording to the revised “American Fertility Society Clas-
sification” American Society for Reproductive Medicine
(1997) (n = 14); women with unilateral or bilateral en-
dometrioma and no history of previous ovarian surgery
(n =47) and the control group (n = 12). Also to eliminate
the possible effect of basal sonographic cystic structures
on the results, five patients from the control group and one
patient from the endometriosis group were excluded from
the study due to the presence of ovarian cysts.

Patients with myoma uteri, dermoid cysts, ovarian
cystic structures > 3 cm other than endometrioma, pelvic
inflammatory disease, any malignancy and current users of
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oral contraceptives, GnRH analogues, progestin, danazol
or patients using any hormonal therapy, were excluded
from the study. None of the patients had taken anti-inflam-
matory medications or had been diagnosed with an inflam-
mation or infection in previous 6 months before the study.

Laparoscopic surgery was performed in the prolif-
erative phase of the menstrual cycle by insertion of a 10
mm umbilical trocar and two ancillary trocars in the lower
abdomen. All interventions were carried out by two ex-
perienced laparoscopists (AE, ME). The same protocol
was used during the diagnostic phase of laparoscopy.
This included an inspection of pelvic and peritoneal or-
gans, peritoneal washings, staging of endometriosis. All
patients with suspected endometriosis and endometrioma
had a routine histological confirmation of the condition.

Prior to anaesthesia induction, 10 ml of venous blood
were drawn from each patient. Blood samples were cen-
trifuged at 3000 rpm for 15 minutes and stored at —50°C
until assay. Serum CA 125 levels were measured by che-
miluminescence using IMMULITE 2000 hormone an-
alyzer (Diagnostic Products Corporation, Los Angeles,
CA, USA). Serum TGF-B1, IL-6, and IL-12 levels were
measured by using solid phase sandwich enzyme linked
immunosorbent assay (ELISA) kits (Biosource Interna-
tional, California, USA). Intra- and inter-assay coeffi-
cients of variation were < 10% for all assays.

Statistical analysis

Results were expressed as mean + standard deviation.
Kruskal Wallis univariate analysis was used to compare
the means of serum CA 125, TGF-B1, IL-6 and IL-12 lev-
els between groups. Nonparametric Mann-Whitney U test
was used to compare the means of serum CA 125, TGF-1,
IL-6, and IL-12 levels between two independent groups.
SPSS for Windows version 10.0 was used for all statistical
analysis; p < 0.05 was set as the significance criterion.

Results

Baseline characteristics of patients are summarized
in Table 1. One way Anova test revealed no significant
difference between groups with respect to mean ages
(p = 0.29). The preoperative ultrasonographic examination
of patients revealed ovarian cysts in one patient of the peri-
toneal endometriosis group (6.7%), in all of the patients of
the endometrioma group and in 5 patients of the control
group (29.4%). These were excluded from the study.

Preoperative serum CA 125, TGF-f1, IL-6 and IL-12
levels in all three groups are shown in Table 2. Kruskal
Wallis univariate analysis demonstrated that three groups
were significantly different from each other with respect
to serum CA 125 levels (p = 0.001). The Post Hoc Schef-
fe test failed to show any difference between pelvic en-
dometriosis and control groups, but CA 125 levels were
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Table 1. Baseline characteristics of patients

Pelvic endometriosis Endometrioma Control group
(n=14) (n=47) (n=12)

Mean age + SD 30.6 +5.3 32.6 +7.4 31.6 7.2

Marital status 1(7.1%) 8 (17%) 4 (33.3%)

singlemarried/divorced 13 (92.9%) 39 (83%) 8 (66.7%)
Chronic pelvic pain 5(35.7%) 24 (51.1%) 2 (16.7%)
Dysmenorrhoea 8 (57.1%) 34 (72.3%) 2 (16.7%)
Dyspareunia 6 (42.9%) 16 (34%) -
Infertility 12 (85.7%) 8 (20.5%) 4 (33.3%)

Table 2. Preoperative serum CA 125, TGF-B1, IL-6, and IL-12 levels in all three groups
Pelvic endometriosis Endometrioma Control group P
(n=14) (n=47) (n=12)
CA 125 149 +7.9 753 £110.8 14.7 +8.7 <0.001
(U/ml)
TGF-p1 11 089 +4981 17 849 +6856 14 934 +6734 0.004
(pg/ml)
IL-6
57.1 £123.5 98.1 £152.7 44.6 +72.8 0.02

(pg/ml)
IL-12 80.1 +49.6 76.5 £32.1 69.6 £35.4 0.74
(pg/ml)

significantly higher in the endometrioma group than
both the pelvic endometriosis group (p < 0.001) and con-
trol group (p < 0.001). Three groups were also different
from each other with respect to serum TGF-B1 levels
(p = 0.004). The Post Hoc Scheffe test showed no differ-
ence between control and pelvic endometriosis groups
(p = 0.17) and between control and endometrioma groups
(p = 0.15). But the endometrioma group was signifi-
cantly different from the pelvic endometriosis group
with respect to serum TGF-B1 levels (p = 0.001). Kru-
skal Wallis univariate analysis demonstrated that three
groups were significantly different from each other with
respect to serum IL-6 levels (p = 0.02). Serum IL-6 lev-
els in the endometrioma group were significantly different
from both the control group (p = 0.05) and endometriosis
(p = 0.024). The three groups were similar to each other
with respect to serum IL-12 levels.

None of the serum markers studied (TGF-B1, IL-6, and
IL-12) had a positive correlation with serum levels of CA
125 with respect to the diagnosis and follow-up of endome-
triosis. As a correlation of serum markers among themselves
was studied, only a weak correlation between IL-6 and IL-
12 was detected (r = —0.256; p = 0.006). Of all the serum
markers studied, only TGF-f1 was found to be correlated
with the stage of endometriosis (r = —0.424; p = 0.001).

The association of serum CA 125 levels with clinical
findings is summarized in Table 3. In both pelvic endome-

502

triosis and endometrioma groups, the serum CA 125 level
was not found to be associated with any clinical finding.
Similarly, in both pelvic endometriosis and endometrio-
ma groups, serum TGF-B1 and IL-6 levels were not found
to be associated with any clinical finding. In the pelvic
endometriosis group, the IL-12 level failed to show any
correlation with any clinical finding.

Discussion

The immune system has been thought to play a role
in the complex events of endometriosis. Most studies
performed up to now focused on detection of cytokines
and growth factors in the peritoneal fluid and endome-
triotic tissues. The only serum marker that proved to
be of potential use for the diagnosis and follow-up of
endometriosis has been CA 125. CA 125 has been cor-
related with the stage of endometriosis and its level has
been found to increase with higher stages [7]. Our study
similarly detected that CA 125 levels were significant-
ly higher in the endometrioma group than both the pel-
vic endometriosis group (p < 0.001) and control group
(p = 0.001). However, a single serum CA 125 level has
been reported to have a quite low sensitivity for the di-
agnosis of endometriosis [8]. Our study supported this
finding as all of the patients with mild disease and 32% of
patients with advanced disease had serum CA 125 levels
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Table 3. Association of serum CA 125 levels with clinical findings

Pelvic endometrios Endometrioma
=) (C)) -) +)
(n=9) (n=>5) p (n=23) (n =24) p
Chronic pelvic pain 12.7+5.3 17.2 11.6 0.46 55.4 £35.1 94.5 £150.4 0.68
Dysmenorrhoea 12.4 6.3 15.5+8.8 0.48 59.3 +40.9 81.5£128.0 0.53
Dyspareunia 13.1+5.8 16.3 £9.8 0.56 49.7 +37.2 82.2 £106.0 0.41
Infertility 16.4 4.0 145 +8.4 0.58 64.3 +81.3 55.8 +48.4 0.87

below 35 U/ml, which is considered as a normal upper lim-
it. As a consequence, the serum CA 125 level is inadequate
for the diagnosis and follow-up of endometriosis patients
and new serum markers with a high sensitivity and speci-
ficity would prove useful.

Cytokines and growth factors secreted from peritoneal
surface cells or from endometriotic tissues are known to be
crucial for the development of ectopic endometrial cells.
This is the reason why this study included serum TGF-f1,
IL-6, and IL-12 levels. The TGF-B1 secreted from ectopic
endometrial cells is thought to play the major role in the
pathogenesis of endometriosis by increasing adhesion of
endometrial stromal cells to peritoneum, suppressing local
immune response and protecting ectopic endometrial cells
from clearing.

Transforming growth factor B1 expressions by eutopic
and ectopic endometrial tissues have been studied immu-
nohistochemically [15, 16]. Up to date there have been two
published studies in the literature regarding the association
of TGF-B1 with endometriosis [16, 17]. Pizzo et al. found
a significantly higher level of TGF-f1 in both peritoneal
fluid and serum of patients with endometriosis as com-
pared to the control group in the study investigating the
serum TGF-B1 levels in patients with endometriosis [16].
The same study showed that peritoneal fluid and serum
TGF-B1 levels increased with the increased stage of en-
dometriosis. In contrast, D’Hooghe et al. did not observe
any significant difference in peripheral blood cytokine lev-
els between deep infiltrating endometriosis compared to
superficial disease [17]. In our study, the endometrioma
group was significantly different from the pelvic endo-
metriosis group with respect to the serum TGF-f1 levels
(p <0.001). In addition, the serum TGF-f31 level was found
to be the only serum marker correlated positively with the
stage of endometriosis (r = -0.424; p = 0.001).Thus, the
serum TGF-fB1 level might be considered as a valuable
marker of endometriosis. But because of different assays,
a lack of standard measurement is a significant obstacle.

Two proinflammatory cytokines thought to play a role
in the etiopathogenesis of endometriosis are IL-6 and IL-12.
Results of studies investigating peritoneal fluid and serum
IL-6 levels in patients with endometriosis are conflicting
[5, 11, 18-20]. Some studies report an increase in perito-

neal fluid and serum IL-6 levels in patients with endome-
triosis and even a positive correlation with an increased
stage of disease, however, some fail to prove this asso-
ciation. In some studies investigating serum IL-6 levels
in patients with endometriosis, it has been reported that
serum IL-6 levels were higher in patients with endometri-
osis as compared to the control group [9, 11, 12, 21, 22].
However, this correlation was not verified by other authors
[14, 17, 23-25]. In a relatively recent study, serum IL-6
levels were increased in all women with endometriosis and
in those with minimal-mild endometriosis, compared with
controls [26]. The authors argued that the use of IL-6 as
a serum marker for the diagnosis of endometriosis is use-
ful. Our study demonstrated that serum IL-6 levels in the
endometrioma group was significantly different from the
control group (p = 0.05). Although the highest serum IL-6
level was detected in patients with stage 4 disease (156.3
+263.3), three groups were not significantly different from
each other. On the other hand, Martinez et al. revealed that
IL-6 levels appear higher in patients with mild to moder-
ate endometriosis, which is in contrast with our findings
[21]. It is a well-established fact that the ovary is the major
source of the peritoneal fluid. Therefore, patients with en-
dometrioma may have higher concentrations of cytokines
in the peritoneal fluid [27]. Consequently, this may explain
why IL-6 levels were higher in the endometrioma group in
comparison to patients with an early stage endometriosis
in our study.

Differences that are mentioned in the studies may be
a result of several factors, such as differences in control
groups, differences in compared pathologies (i.e. ovarian
cysts), differences in assay sensitivities and differences in
the inclusion criteria of studies. Our study demonstrated
that serum IL-6 levels increased especially in advanced
stages of endometriosis. Previous findings showing that se-
rum IL-6 levels decrease after use of GnRH analogues and
after laparoscopic treatment render IL-6 a valuable marker
for follow-up of patients with endometriosis [12].

Interleukin 12 is required for clearance of ectopic en-
dometrial cells. Its decreased levels may be associated with
defective clearing of ectopic endometrial cells shed to the
abdominal cavity via retrograde menstruation or formed
via metaplasia. In their endometriosis model, Somigliana
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et al. demonstrated that IL-12 application prevented implan-
tation of ectopic endometrial cells [14]. Also, p40 subunit of
IL-12 has been previously claimed to inhibit natural killer
cell activity and predispose to the development of endome-
triosis. Similar to IL-6, studies researching IL-12 levels in
endometriosis have conflicting results [11, 28, 29]. In the
only study investigating serum IL-12 level in patients with
endometriosis reported in the literature, authors claimed that
serum IL-12 levels were not different in patients with endo-
metriosis as compared to the control group [11]. Similarly,
our study found that three groups were similar to each other
with respect to serum IL-12 levels.

As a result, in comparison to CA125, serum TGF-p1,
IL-6 and IL12 levels may be not sufficient enough to de-
tect early stages of endometriosis. However, TGF-B1 and
IL-6 measurements might be a promising alternative in
adjunct to CA 125 for the non-invasive diagnosis of endo-
metrioma. Of all the serum markers studied, only TGF-1
was found to be correlated with the stage of endometriosis.
However, more prospective studies are required to further
clarify these findings.
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