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Abstract
Objective To investigate the serum levels of tumor necrosis
factor-alpha (TNF-α), interleukin-6 (IL-6), monocyte chemo-
tactic protein-1 (MCP-1), and Paraoxonase-1 (PON-1) during
fertility treatment of women with endometriosis (Endo),
PCOS or unexplained infertility (Unexpl).
Methods Thirty-six patients with Endo, PCOS or Unexpl
undergoing controlled ovarian stimulation for IVF or IUI were
consented and their serum, on day-3 (baseline) and at the end
of FSH treatment (peak), was collected and investigated for
levels of TNF-α, IL-6, MCP-1, and PON-1. Correlations,
ANOVA and Student's t-test were used for statistical analysis.
Results Peak serum levels of IL-6, MCP-1 and PON-1 were
positively correlated to E2 peak levels. TNF-α levels were
inversely correlated to estradiol levels and they were lower in
patients who ultimately became pregnant when compared to
non-pregnant (P<0.05). Mean TNF-α levels were significant-
ly higher in Unexpl group (P<0.05). The mean levels of IL-6,
andMCP-1were significantly (p<0.05) higher in womenwith
PCOS compared with Endo and Unexpl. No differences were

found between the three clinical groups in patient’s age, BMI,
Day-3 FSH, PON-1 and pregnancy outcome.
Conclusion Circulating cytokine levels were influenced by
ovarian stimulation, as demonstrated by increased levels of
IL-6, MCP-1 and PON-1, and decreased level of TNF-α at the
end of controlled ovarian stimulation. While evidence of
relationship between circulating cytokines with mild endome-
triosis was not found, PCOS was associated with elevated
serum IL-6 and MCP-1 but lower TNF-α concentration. Un-
explained infertility was associated with elevated TNF-α lev-
el. No relationship between serum PON-1 concentration and
PCOS, mild endometriosis or unexplained infertility was
noted.
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Introduction

It is well established that many cytokines are critically impor-
tant for normal female reproductive processes, such as follic-
ular development, ovulation, fertilization, implantation and
normal pregnancy (1–3). Also, there is increasing consensuses
that cytokines may play a role in the pathophysiology of
endometriosis, polycystic ovary syndrome (PCOS) and unex-
plained infertility (4–7). Endometriosis and PCOS are two of
the most common gynecological disorders in women during
their reproductive years. Both of these conditions, in addition
to unexplained infertility, were the most common reason for
women seeing reproductive endocrinologist for fertility treat-
ment. Tumor Necrosis Factor-α has been shown to facilitate
ovulation and fertilization process whereas IL-6 plays an
important role in endometrial function and in implantation
(2,3). Some research have suggested that chemotactic

Capsule summary The same group had higher MCP-1 levels when
compared with endometriosis and unexplained groups at peak E2. Unex-
plained infertility was associated with elevated TNF-α level. PON-1
serum level increased after gonadotropin stimulation in all patient groups
and the increased level was positively correlated with serum E2

concentration.
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cytokines such as monocyte chemotactic protein-1 (MCP-1)
may be involved in follicular development, ovulation, as well
as in corpus luteum formation and demise (8). Deficiency of
human serum PON-1 has been correlated with oxidative stress
and reproductive diseases (9). Considering the complex
known and unknown cellular and molecular mechanisms
involved in pathophysiology of these clinical conditions, we
aimed to compare the serum levels of tumor necrosis factor-
alpha (TNF-α), interleukin-6 (IL-6), MCP-1, and
Paraoxonase-1 (PON-1) before and after controlled ovarian
stimulation for IVF or IUI. Recently we performed a prospec-
tive study to analyze differences in serum levels of PON-1,
Superoxide dismutases (SOD), Glutathione Peroxidase
(GPx), IL-6, 8-Isoprostane, and fatty acids with regard to
ovarian stimulations and its relation to pregnancy outcome
in women undergoing IVF or IUI (10). In this study, we
investigated the association of additional cytokines and an
oxidative stress biomarker with endometriosis, PCOS, and
unexplained infertility. A secondary objective was to assess
whether gonadotropin-induced changes in circulating levels
of tumor necrosis factor- α, interleukin-6, monocyte chemo-
tactic protein-1 and paraoxonase-1 will affect the pregnancy
outcome in women undergoing controlled ovarian stimulation
for IUI.

Methods and methods

Patients

This study was approved by the Institutional review board
(IRB) of the Medical Center of Central Georgia-Mercer Uni-
versity School of Medicine. Our study group consisted of 36
infertile women (mean age ± SD: 33.7±4.7 years, range 26–
44 years). The infertile patients were divided into three infer-
tility etiology groups, unexplained infertility (19.4 %), PCOS
(38.9 %), and endometriosis (41.7 %). All patients were in
good health with normal thyroid, hepatic, and renal functions,
and all had experienced spontaneous onset of puberty and
normal sexual development. Inclusion criteria for selected
patients included the presence of ovaries, regular menstrual
cycle, nonsmoker, and good general health. Unexplained in-
fertility was defined here as a diagnosis made in couples in
whom standard investigations including semen analysis, tests
of ovulation and tubal patency are normal. None of Unexpl
patients in this study have history of PCOS or endometriosis.
Patients with endometriosis-associated infertility were diag-
nosed by laparoscopy and classified according to the original
American Society for Reproductive Medicine guidelines (11).
Ninety three percent (14 out of 15) of the endometriosis
patients had stage I or II (minimal/mild), only one had stage
III moderate/severe endometriosis. Eighty-nine percent (32
out of 36) of the patients were treated with IUI and four had

IVF-ICSI treatment. All patients underwent controlled ovarian
hyperstimulation by recombinant human follicle-stimulating
hormone (rFSH, Follistim) daily for 7–8 consecutive days and
follicular development was monitored by serial transvaginal
ultrasonography and serum E2 concentrations. Dosage of
gonadotropin had been calculated individually for each patient
considering patient's age, body mass index, ovarian pattern,
menstrual cycles, basal FSH, Anti-Mullerian hormone
(AMH), and E2, and response to previous controlled ovarian
stimulations. An hCG injection was given to trigger the final
stages of oocyte maturation and ultrasound-guided oocyte
retrieval was performed 34–36 h later. Standard insemination
of oocytes was performed using IVF or intracytoplasmic
sperm injection (ICSI) procedures according to indications
and sperm quality. Fertilization and cleavage was assessed
daily and the embryos were classified according to their
morphological appearance. Embryos were transferred at
day-3 or 5. All IUI patients were given rFSH (Follistim)
on cycle day 3 of cycle and monitored similar to IVF
patients. The dose of gonadotropins was adjusted accord-
ing to ovarian response. When the largest follicle(s)
reached a mean diameter of 18 mm, ovulation was in-
duced with 10,000 U of hCG. A single IUI was performed
36–38 h later with a smith insemination catheter. Clinical
pregnancy was defined as a positive serum β-hCG (>25
mIU/mL) on day 14 after insemination and by transvaginal
ultrasonography detection of fetal heart beat(s) by 7 weeks
gestational age.

Samples collection and measurement of serum markers

Blood samples were collected and processed immediately by
centrifugation at 3000× rpm for 10 min. The clear serum was
used for hormone analysis and then frozen stored in liquid
nitrogen at −196 °C. Frozen samples were shipped in dry ice
to the Department of Clinical Laboratory and Nutritional
Sciences, College of Health Sciences, University of Massa-
chusetts Lowell for the measurement of the cytokines,
chemokines and antioxidant enzyme. Serum concentrations
of TNF-α, MCP-1 and IL-6 were determined using ELISA
kits purchased from Bio-Legend, San Diego, CA. Plasma
PON-1 arylesterase activity was measured using 1 mM ρNPA
as substrate, as assessed from the formation of ρ-nitrophenol
at 410 nm at 37 °C. Typically, aliquots of 10 μl of plasma
were placed in microtiter plate wells in triplicate; the
reaction was initiated by the addition of the substrate
ρNPA, to yield a final concentration of 1 mM in PBS
buffer containing calcium and magnesium. After mixing,
the plate was read immediately to establish 0 time values,
and the reactions were incubated at 37 °C. Readings were
recorded at the end of 30 min. PON activity was calcu-
lated using the molar absorbitivity (12).
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Statistical analysis

Statistical analysis was performed by using SPSS software
(version 21.1; SPSS Inc., Chicago, IL). Patient demographic
data were evaluated by descriptive statistics and variables
were given as mean + SEM and compared using a Student’s
t-test. The different etiologies of infertility were analyzed with
paired samples t-test and ANOVA. Pearson’s correlation
analysis was used to evaluate the relationship between peak
E2 and variables in different etiologies of infertility. Statistical
differences of P≤0.05 were considered significant.

Results

Effects of ovarian stimulation on TNF-α, IL-6, MCP-1 and
PON-1 levels of all women, regardless of etiology, were
shown in Table 1. The mean levels of serum factors of patients
undergoing ovarian stimulation with rFSH collected at base-
line and peak time, just prior to hCG injection, were compared
and correlated to peak E2 values. There was significant in-
crease (p<0.05) in the levels of MCP-1, PON1 and IL-6 after
ovarian stimulation in all patients. And this increase was
positively correlated to E2 levels. In contrast, TNF-α levels
were significantly (P<0.05) lower after ovarian stimulation,
and they were inversely correlated to E2 levels. The relation-
ship between the mean level of serum factors and pregnancy
outcome of IUI patients is shown in Fig. 1. We did not include
IVF-ICSI patients data in our pregnancy outcome analysis
because the number of patients in this category was small (n
=4). Pregnancy rate was negatively affected by the presence
of high serum TNF-α level. There was no association between
serum IL-6, MCP-1, and PON-1 levels and pregnancy rate.

Baseline demographic characteristics and hormone con-
centrations of the studied patients, listed according to the three
etiology groups, are presented in Table 2. There were no
differences between the three etiology groups in patient’s
age, BMI, Day-3 FSH, baseline and peak E2, Progesterone

or pregnancy outcome. Comparison between the three etiolo-
gy groups onmean levels of TNF-α, IL-6, MCP-1 and PON at
baseline and peak E2 levels were summarized in Table 3.
Baseline IL-6 was higher whereas TNF-α was significantly
(P<0.05) lower in PCOS patients compared to unexplained.
Women with PCOS exhibited a significantly (P<0.05) high
peak serum of and MCP-1 compared with the unexplained
infertility or Endometriosis. The mean level of IL-6 andMCP-
1 at peak E2 was significantly (p<0.05) higher in women with
PCOS compared with endometriosis and Unexplained. Peak
TNF-α levels were significantly higher in unexplained than
Endometriosis women (P<0.05). No differences between the
three etiology groups in baseline and peak serum levels of
PON-1.

Discussion

The ovarian cycle resembles an inflammatory process and the
expressions of pro-inflammatory cytokines have been report-
ed to increase during certain phases of menstrual cycle (1–3,
13, 14, 15). Ovarian stimulation is known to induce rapid
changes in endogenous E2 and P4 which are not seen during
a normal menstrual cycle, but little is known about the possi-
ble effect these changes may have on serum cytokines. In the
present study, we investigated the serum concentrations of
three pro-inflammatory cytokines (IL-6, TNF-α, MCP-1)
and an antioxidant enzyme (PON-1) at two points: at the time
of the baseline ultrasound before the initiation of gonadotropin
treatment (usually day 2 or 3 of menstrual cycle), and second-
ly at peak follicular growth when the decision was made to
administer hCG to induce ovulation. We found that ovarian
stimulation causes significant increased in serum levels of IL-
6, MCP-1 and PON-1 and decreased of TNF-α in infertile
women with mild endometriosis, PCOS, or unexplained in-
fertility. These findings are comparable to other studies that
have compared cytokine levels in stimulated and non-
stimulated ovarian cycles (8,13,15, 18). In unstimulated men-
struating women, MCP-1 and TNF-α levels were reported
higher in the follicular phase and lower in the late ovulatory
and luteal phase (8,13); however, no difference in IL-6 level
between the follicular phase and the luteal phases were noted
(16,17). Souter et al. (18) showed that during controlled
ovarian simulation, TNF-α concentrations increase at the
mid follicular phase; whereas, IL-6 concentrations increase
at the luteal phase of the cycle. In addition, other investigators
(15) found an inverse correlation between concentrations of
TNF-α and that of E2 during stimulated cycles. These finding
in conjunction with other studies, support the hypothesis that
cytokines secretion is modulated by gonadotropin stimula-
tions and elevated E2 (2,8,10,13,14,19). The reported fluctu-
ation of serum cytokine levels in different research studies
may be due to their complicated cell-mediated mechanisms of

Table 1 The levels of serum E2, IL-6, MCP-1, PON1 and TNF-α at
baseline prior to hormonal stimulation and on the day of hCG injection.
IL-6 = Interleukin-6, PON = Paraoxonase, MCP-1 = Monocyte Chemo-
tactic Protein-1, and TNF-α=Tumor Necrosis Factor-α

Parameters Before After stimulation p value

IL-6 pg/mL 22.6±3.0 42.3±5.4 P<0.05

MCP1 (pg/mL) 120.3±5.0 150.9±8.8 P<0.05

PON-1 u/L 244.2±12.9 287.6±11.6 P<0.05

TNF-α (pg/mL) 120.8±13.7 92.2±7.6 P<0.05

E2 (pg/ml) 36.6±2.8 855±87.4 P<0.05
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synthesis and the differences in hormonal regulation from one
woman to another.

With regard to PON-1, we found that its serum level
increased after gonadotropin stimulation in women with mild
endometriosis, PCOS, or unexplained infertility and the in-
crease was positively correlated with serum E2 concentration.
To our knowledge, this enhanced effect has never been report-
ed elsewhere in the literature. PON-1 is a known potent
antioxidant serum enzyme that is normally synthesized in
the liver and circulates in the blood associated with HDL
(High Density Lipoprotein) (9,12). Its role in human repro-
duction and why exogenous gonadotropin increases its activ-
ity is unknown. The observed increase after gonadotropin
stimulation suggests possible de novo production in ovarian
granulosa cells. Browne et al. (20) have detected PON-1
arylesterase activity in human follicular fluid of IVF patients
and reported a positive association between high PON-1- level
with oocyte and embryo quality. That finding, in addition to
our research, suggest potential utility in measuring circulating
PON-1 as a biomarker in clinical diagnosis or therapeutic
management of oxidative stress.

This study was also aimed at assessing whether measuring
cytokines and an oxidative stress biomarker during ovarian
stimulation might provide new tool for screening endometri-

osis, PCOS, or unexplained infertility. In this regard, we have
to acknowledge the main limitations of this study; only milder
forms of endometriosis were investigated. The study results,
despite these limitations, suggest a potential role for circulat-
ing TNF-α, IL-6, MCP-1 and PON-1 in pathophysiology of
endometriosis, PCOS, or unexplained infertility. Our data
showed that PCOS group had higher IL-6 and lower TNF-α
when compared with the endometriosis and unexplained
groups, both before and after, exogenous gonadotropins. The
same group had higher MCP-1 levels when compared with
endometriosis and unexplained groups at peak E2. These data
agree with the finding of several other studies that revealed
association of PCOS with increased pro-inflammatory cyto-
kines and chemokines such as IL-6, TNF-α and MCP-1
(15,21,22). In contrast, several other studies (7,23,24) includ-
ing a recent meta-analysis, have showed no difference in the
serum levels of IL-6 or TNF-α between women with PCOS
and age and BMI matched controls (25). These studies sug-
gest that obesity, and not PCOS status per se, was a major
determinant of the circulating TNF-α, and IL-6 (26). Women
with PCOS are a heterogeneous cohort, some of them are
obese with insulin-resistant and others are not. In our study,
there were no differences between the three etiology groups in
patient’s age, BMI and weight; none of the participants were

Fig. 1 The relationship between
mean serum levels of IL-6, MCP-
1, PON1, TNF-α and pregnancy
outcome of IUI patients. IL-6 =
Interleukin-6, PON =
Paraoxonase, MCP-1 =
Monocyte Chemotactic Protein-1,
and TNF-α = Tumor Necrosis
Factor-α

Table 2 Comparison of patient characteristics in women with Endometriosis, PCOS or unexplained infertility (Mean ± SEM)

Parameter Endometriosis (Mean ± SEM) PCOS (Mean ± SEM) Unexplained (Mean ± SEM) p value

Age (years) 31.9±1.1 32.7±2.0 35.9±1.1 NS

BMI (kg/M2) 26.2±1.2 28.3±2.2 27.7±1.7 NS

Day-3 FSH (mIU/mL) 7.7±0.4 4.9±0.8 7.6±0.4 NS

Baseline E2 37.7±3.1 34.5±3.3 37.6±6.0 NS

E2 (pg/ml) @ hCG injection 877±136 720±118 886±158 NS

P4 (ng/ml) @ hCG injection 0.9±0.1 0.8±0.1 1.0±0.2 NS

Pregnant (%) 46.7 42.9 42.9 NS
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obese. Regardless of these conflicting data, the results of this
pilot study may represent an initial step for further studies to
clarify the possible role of IL-6, MCP-1 and TNF in the
pathogenesis of PCOS.

Regarding endometriosis, we did not find statistical
difference in circulating IL-6, TNF-α, or MCP-1, between
our endometriosis patients (note, most of them were di-
agnosed with minimal/mild stage of the disease) and the
unexplained group. That finding supports other studies
that found modest or no association between minimal/
mild endometriosis with altered serum levels of cytokines
or oxidative stress markers (27–30). Unlike the finding in
mild endometriosis, patients with chronic moderate/severe
endometriosis have been associated with elevated levels
of various serum biomarkers including IL-6, TNF-α,
MCP-1 and PON-1 (6,19,27,29,31,32, 33). Because of
that, different types of biomarkers may be needed for
the diagnosis of different stages and types (superficial,
deep, cyst) of endometriosis (34, 35).

Similar to the cytokines, we observed no differences be-
tween serum PON-1 levels in mild endometriosis and all
participating groups. In the same way, Bragatto et al. (28)
found no difference in the serum levels of PON-1 activity
between women with endometriosis in minimal/mild and
moderate/severe stages. In contrast, Verti et al. (29) reported
that PON-1 activity was significantly higher in women with
moderate/severe endometriosis compared to women with
minimal/mild disease and controls, and in women with
minimal/mild endometriosis compared with control groups.
The authors conclude that PON-1 activity can be used as a
diagnostic test to detect endometriosis. Although we didn’t
have a control group, the baseline serum level of PON-1 in our
study was 199.2±16.1 U/l which is not different from the
levels reported in Verit et al.(29) control (183.7±22.3 U/l)
(27). PON1 enzyme activity is essential for the physiological
function of several key metabolic pathways; and several stud-
ies have confirmed the antioxidant and atheroprotector role of

PON-1 and observed that reduced PON-1 activity in adults is
associated with various diseases such as diabetes mellitus,
renal failure, obesity, and cardiovascular disease (36–38).
However, there is no clear evidence that women with endo-
metriosis, PCOS or unexplained infertility have more athero-
sclerosis than the general population (9). These conflicting
data suggest that much is still unknown regarding the causes
and mechanism involved in endogenous production of PON-1
and other antioxidants.

Our results also show a relationship between elevated
TNF-α concentration with unexplained infertility compared
with other etiologies. This relationship is also found in other
cytokine studies involving unexplained infertility patients
(39–41). However, the unexplained diagnosis may inherently
include bias since it could include patients who, in fact, have
male factor, tubal infertility, premature ovarian ageing and
immunological factors (39). Nevertheless, in this study, the
unexplained group excluded any patient with endometriosis or
PCOS, which are known to interfere with ovarian develop-
ment and possibly cytokine production.

In conclusion, this study demonstrated that circulating
TNF-α, IL-6, MCP-1 and PON-1 were influenced by exoge-
nous hormone administration for ovarian stimulation. While
evidence of relationship between circulating cytokines with
mild endometriosis was not found, PCOS was associated with
elevated serum IL-6 and MCP-1, but lower TNF-α concen-
tration. Unexplained infertility was associated with elevated
TNF-α level. No relationship between serum PON-1 concen-
tration and PCOS, endometriosis or unexplained infertility
was noted. Further studies including a large percentage ad-
vanced stages of endometriosis and a fertile control group are
needed to validate these data.
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Baseline: IL-6 pg/mL 23.9±4.9 30.1±10.7b 18.3±3.4a P<0.05

MCP1 (pg/mL) 123.3±7.7 131.7±14.9 112.6±7.2 NS

PON-1 u/L 199.2±16.1 201.8±26.0 196.4±10.7 NS

TNF-α (pg/mL) 113.7±18.8 99.3±20.5a 163.7±26.1b P<0.05

Peak: IL-6 pg/mL 39.0±8.9a 58.0±11.7b 39.4±8.2a P<0.05

MCP1 (pg/mL) 133.3±12.0a 180.6±21.9b 146.5±14.4a P<0.05
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