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Cytokine Profiling in the Eutopic Endometrium
of Adenomyosis During the Implantation
Window After Ovarian Stimulation
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Abstract
In this study, we aimed to clarify the inflammatory cytokine profile of endometrium in patients with adenomyosis during the
implantation window after ovarian stimulation. Eighteen patients with adenomyosis and 24 control patients undergoing in vitro
fertilization treatment were included in this prospective case-control study. Regular gonadotropin-releasing hormone antagonist
protocol was used for ovarian stimulation. Endometrial samples were obtained 7 days after human chorionic gonadotropin (hCG)
injection (hCG þ 7). Cytokine levels in endometrium secretions from women with and without adenomyosis were assayed by
multiplex immunoassay, levels of interleukin (IL) 6 (25.9 + 6.6 vs 12.4 + 3.4 pg/mL; P ¼ .001), IL-10 (10.4 + 2.9 vs 15.6 + 4.2
pg/mL; P ¼ .001), IL-17 (11.9 + 3.0 vs 14.2 + 3.9 pg/mL; P ¼ .046), interferon-g (11.7 + 3.5 vs 8.0 + 3.4 pg/mL; P ¼ .001), and
monocyte chemoattractant protein-1 (MCP-1; 37.1 + 6.5 vs 16.4 + 3.2 pg/mL; P ¼ .001) were significantly different between
patients with adenomyosis and control groups, respectively. Immunohistochemistry and quantitative real-time polymerase chain
reaction showed that CD-68þ, IL-6, and MCP-1 expression were higher and IL-10 was lower in adenomyosis endometrium
epithelia compared to controls. In conclusion, within the implantation window of ovarian stimulation cycles, macrophages, IL-6,
IL-10, and MCP-1 are expressed differently in the endometrium of women with adenomyosis, which may correlate with
compromised endometrium receptivity. We postulated that cytokines of endometrial secretions expressed differently in patients
with adenomyosis may contribute to impaired endometrium receptivity in these patients.
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Introduction

Adenomyosis is a benign uterine disorder characterized by the

presence of heterotopic endometrial glands, stroma in the

myometrium, and reactive hyperplasia of the surrounding

smooth muscle cells of the myometrium.1 The etiology and

pathologic mechanisms responsible for adenomyosis have yet

to be elucidated. The incidence of newly diagnosed adenomyo-

sis in infertile women is likely to increase as more women are

delaying their first pregnancy into their 30s and 40s.2

To date, the effect of adenomyosis on in vitro fertilization

(IVF)/intracytoplasmic sperm injection (ICSI) treatment out-

come is unclear due to only a limited number of small observa-

tional studies reporting either no effect or a poorer outcome

associated with the presence of adenomyosis.3-5 It has been

postulated that the presence of abnormal vascularity and het-

erotopic glands in the myometrium of patients with adenomyo-

sis may be a source of cytokines and immunological factors

that can have a negative impact on endometrial receptivity and

placentation.6 There is also accumulating evidence that shows

that adenomyosis has an effect on endometrial cell antigen

expression, cytokine production, and production of oxygen-

free radicals, all of which are suggestive of the disruption of

endometrial receptivity.7,8 In recent years, a novel means of

assessing intrauterine secretion milieu by multiplex immunoas-

say has been developed9,10; this technique has potential value

for investigating intrauterine environment during the implanta-

tion window. In women with adenomyosis, some immuno-

logical cytokines expression within endometrial has been

found to be significantly altered, such as interleukin (IL) 6,

IL-11, and IL-10.11 Furthermore, some studies have shown that

different cytokine profiles in ovarian-stimulated cycles are

associated with the likelihood of conceiving. Boomsma et al

reported significant associations between monocyte chemoat-

tractant protein-1 (MCP-1), interferon (IFN) g-inducible
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10 kDa protein, IL-1b, and tumor necrosis factor-a (TNF-a)

levels in endometrial secretions and implantation or clinical

pregnancy in IVF–embryo transfer cycles.12,13

As a part of a research series on endometrium receptivity in

adenomyosis, we used multiplex immunoassays, immunohisto-

chemistry staining, and quantitative real-time reverse transcrip-

tase polymerase chain reaction (qRT-PCR) to clarify the

inflammatory cytokine profile of endometrium in patients with

adenomyosis during the implantation window after ovarian

stimulation.

Materials and Methods

This study included 42 women who were undergoing their first

cycle of IVF/ICSI during May 2012 to March 2013 in the

Reproductive Medical Center of Ruijin Hospital affiliated with

Shanghai Jiaotong University, Shanghai, People’s Republic of

China. The exclusion criteria for the study were the presence of

hydrosalpinges, uterine fibroids, endometriosis, and previous

myomectomy. All patients included had not habits of alcohol-

ism, smoking, or drugs, without receiving hormone or anti-

inflammatory medications at least 1 year before the study.

Before commencing their treatment, all patients underwent

Transverginal ultrasound (TVS) in the follicular phase of the

menstrual cycle, performed by 2 investigators experienced in

gynecologic imaging. The ultrasound machine used was an

Aloka Prosound SSD 3500 (Aloka Co Ltd, Tokyo, Japan). The

diagnosis of focal or diffuse adenomyosis was established by

applying 3 or more of the following established sonographic

criteria14:

� asymmetry of uterine walls without leiomyomas;

� myometrial areas of heterogeneous echogenicity with

poorly defined borders;

� minimal mass effect on the endometrium or serosa rela-

tive to the size of the myometrial lesion;

� small myometrial cysts or hemorrhagic foci within the

heterotopic endometrial tissue;

� echogenic nodules or linear striations radiating from the

endometrium into the myometrium; and

� absence of circular vascularization (determined by color

Doppler) at the border of the lesion as usually observed

with fibroids.

Among these patients, 18 were diagnosed with adenomyosis

and the other 24 patients without evidence of adenomyosis were

used as controls in this study. Written informed consent was

obtained from all subjects before participation, and the Human

Ethics Committee of Ruijin Hospital approved the protocol.

All patients received the regular gonadotropin-releasing

hormone (GnRH) antagonist protocol for ovarian stimulation

to obtain multiple oocytes. Briefly, daily injections of recombi-

nant follicle-stimulating hormone (FSH; 100-300 IU/d) were

given from cycle day 2 or 3 of a spontaneous cycle. On stimu-

lation day 6, a GnRH antagonist (ganirelix acetate; Ganirelix

Acetate Injection/Orgalutran; Merck/MSD [Cetrorelix Acetate,

Merck, France]) was initiated at a daily dose of 0.125 mg and

continued throughout the stimulation period. Final oocyte

maturation was triggered by a single subcutaneous injection of

human chorionic gonadotropin (hCG) of 5000 IU. Oocyte retrie-

val was carried out transvaginally under ultrasound guidance

34 to 36 hours after hCG injection. None of the patients in this

study underwent embryo transfer after IVF/ICSI treatment:

patients with adenomyosis for probable decreased endometrium

receptivity15 and the control group for fertilization failure.

Endometrial Sampling and Processing

Endometrial samples were obtained 7 days after hCG injection

(hCG þ 7). First, uterine secretions were aspirated: with the

patient lying in the lithotomy position, the cervix was cleansed

after insertion of the speculum and an embryo transfer catheter

(Wallace; SIMS Portex Ltd, Hythe, Kent, United Kingdom)

was introduced transcervically. Next, suction was gradually

applied with a 2-mL syringe. To prevent contamination from

the cervical mucus during catheter removal, the outer sheath

of the embryo transfer catheter was advanced to a depth of 4

cm from the external cervical opening (os) following suction

application. The inner catheter was then withdrawn through the

outer sheath, which prevented contact with the cervix. The out-

side of the catheter was cleaned to remove any potential cervi-

cal mucus. The tips of the catheter were cutoff and snap frozen

in liquid nitrogen and stored at �80�C until further use.

Endometrial biopsy samples were obtained using endometrial

Pipelle catheters (CCD Laboratories, Paris, France) immediately

after uterine aspiration. Each biopsy yielded approximately 1 mL

of tissue. Half of this tissue was frozen on dry ice and stored at

�80�C until further processing, while the other half was fixed

in 10% neutral-buffered formalin and subsequently paraffin

embedded.

Multiplex Immunoassay

The endometrial secretions samples were analyzed using a mul-

tiplex immunoassay. Key soluble regulators of implantation

were identified as candidate mediators for inclusion in the assay.

The panel included IL-1, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8,

IL-10, IL-12, IL-13, IL-17, IL-18, TNF-a, IFN-g, granulocyte-

colony stimulating factor (G-CSF), and MCP-1. Assays were

performed as described previously.16 Every endometrium

secretion sample was assayed twice with the average value as

finial result.

Immunohistochemistry

Sections cut from the paraffin-embedded tissues were stained

with hematoxylin and eosin for histological dating by a gyne-

cologic pathologist to confirm that the samples were consistent

with the early receptive period. Immunolabeling was carried

out using the avidin–biotin–peroxidase complex method as

described previously8 Endometrial epithelial and stromal cells

were counted and scored separately using the H-score value
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method, described in detail elsewhere.17 Immunohistochemis-

try slides were scored by 2 experienced pathologists of differ-

ent hospitals while the data collector and sample processing

staff were double blinded.

Quantitative Analysis of Messenger RNA

Total RNA was isolated from endometrial cells using the Trizol

reagent (Sigma, St Louis, MO) following the manufacturer’s

protocol. RNA (1 mg) was used to generate complimentary

DNA with the SuperScript III First-Strand Synthesis System

(Invitrogen, Carlsbad, California). The qRT-PCR was per-

formed with the ABI 7900 Sequence Detection System and the

ABI TaqMan Gene Expression system (Applied Biosystems,

Foster City, California). The primer sequences are summarized

in Table 1. Relative quantification of messenger RNA (mRNA)

species’ was performed using the comparative threshold cycles

(Ct) method.

Data Analysis

The sample size was estimated using the method recommended

by Cohen.18 The present sample size (24 controls and 18 with

adenomyosis) is enough to discard at least a large effect size

(0.83 standard deviations) between these 2 groups with a power

of 80% and a of 5%. We log-transformed nonnormally distrib-

uted data prior to analysis. Primary analyses were performed

using the SPSS version 14.0 (SPSS Inc, Chicago, Illinois)

considering a value of P < .05 statistically significant. Data are

presented as mean + standard error of the mean, and data from

the 2 groups were compared using the Student t test or Mann-

Whitney U test. Categorical variables were compared using the

chi-square test and Fisher exact test.

Results

Clinical Data

A total of 42 patients undergoing IVF/ICSI stimulation cycle

were included in this study, including 18 patients with adeno-

myosis and 24 patients with no evidence of adenomyosis. A

total of 238 women were assessed for eligibility to this study,

and 196 were excluded for reasons given in flow chat Figure 1.

Table 2 compares the baseline demographic and clinical vari-

ables between the patients with or without adenomyosis; no dif-

ferences between the 2 groups in terms of age, body mass

index, or basal sex hormone levels (FSH, luteinizing hormone

[LH], and estradiol [E2]) were found. The LH, E2, and proges-

terone levels on HCG administration day and the number of

oocytes retrieved also had no significant difference. However,

the group with adenomyosis had thicker endometrium on hCG

trigger day and a greater proportion of dysmenorrhea compared

to the group without adenomyosis. In addition, serum CA125

levels were significantly higher in the adenomyosis group.

Endometrium Secretion Multiplex Immunoassay

Of the 42 women who underwent endometrial secretion aspira-

tion, 1 patient was excluded because insufficient material was

available to measure total protein content in the aspirate.

Twelve mediators (IL-1, IL-2, IL-6, IL-7, IL-8, IL-10, IL-12,

IL-13 IL-17, IFN-g, MCP-1, and G-CSF) were detectable in

over 90% of the samples. The IL-4, IL-5, IL-18, and TNF-a
were detectable in 23.8%, 21.4%, 35.7%, and 59.5% of

patients, respectively. Significantly different concentrations

of IL-6, IL-10, IL-17, IFN-g, and MCP-1 (P < .05) in endome-

trial secretions in women with adenomyosis versus the control

group were observed (Figure 2). The IL-6, IFN-g, and MCP-1

levels in endometrial secretions from patients with adenomyo-

sis were higher, while IL-10 and IL-17 levels were lower

compared to the control group.

Immunohistochemistry and qRT-PCR

Based on the results from the multiplex immunoassay, we

choose IL-6, IL-10, IL-17, IFN-g, MCP-1, and CD-68þ (indi-

cating the presence of macrophages) for the endometrium

immunohistochemistry staining assay. Both in epithelium and

stroma, CD-68, IL-6, and MCP-1 immunolabeling H-scores

were significantly higher in adenomyosis endometrium epithe-

lia than controls. Conversely, IL-10 immunolabeling H-scores

in endometria were significantly lower in the adenomyosis

group compared to the control group (Figure 3 and Table 3).

The qRT-PCR corroborated the immunohistochemistry results.

There were no significant differences in IL-17 or IFN-g expres-

sion, either by H-score or qRT-PCR.

Relationship Between Multiplex Immunoassay and
Immunohistochemistry

In patients with adenomyosis, we also found that IL-6, IL-10,

and MCP-1 levels in endometrium secretions determined by

multiplex immunoassay were significantly correlated with

expression in endometrium epithelium indicated by H-score

using Spearman correlation assay. There was also a signifi-

cantly positive coefficient between MCP-1 and CD-68þ

Table 1. Primer Sequences and TaqMan Probes Used in Real-Time
Quantitative Reverse Transcriptase Polymerase Chain Reaction.

Primer/Probe Sequence

IL-6 Forward 50-TACCCCCAGGAGAAGATTCC-30

Reverse 50-TTTTCTGCCAGTGCCTCTTT-30

IL-10 Forward 50-ATGCACAGCTCAGCACTGC-30

Reverse 50-TCAGTTTCGTATCTTCATTGTC-30

IL-17 Forward 50-CAAGACTGAACACCGACTAAG-30

Reverse 50-TCTCCAAAGGAAGCCTGA-30

INF-r Forward 50-AGTTATATCTTGGCTTTTCA-30

Reverse 50-ACCGAATAATTAGTCAGCTT-30

MCP-1 Forward 50-AACTGAAGCTCGCACTCTCG-30

Reverse 50-TCAGCACAGATCTCCTTGGC-30

Abbreviations: IL, interleukin; MCP-1, monocyte chemoattractant protein-1;
INF-r, interferon-r.
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H-score in the endometrium epithelium of patients with adeno-

myosis (Figure 4).

Discussion

Over the past 3 decades, tremendous progresses has been made

in the diagnosis of adenomyosis using imaging techniques and,

at present, magnetic resonance imaging and transvaginal sono-

graphy provide comparably good diagnostic results. The

application of noninvasive diagnostic technology has revealed

that adenomyosis is present even in younger women and is

associated with pelvic endometriosis and infertility.19 While

the exact mechanisms by which adenomyosis limits fertility are

still under debate, alterations in the endometrial immune envi-

ronment was suggested as a possible cause in a small case

series of patients with adenomyosis.20

During the preimplantation period, uterine glands produce a

glycoprotein-rich secretion, which is believed to support the

Figure 1. Participant flow chart for the study of endometrium of adenomyosis versus control after ovarian simulation.

Table 2. Subject Baseline Characteristics.

Adenomyosis Control P Value

Number subjects 18 24
Age, years 30.9 + 4.3 31.4 + 3.9 .14
Body mass index, kg/m2 21.6 + 2.9 21.7 + 3.2 .25
Basal follicle-stimulating hormone level, IU/mL 7.8 + 2.0 8.1 + 1.4 .17
Basal luteinizing hormone level, IU/mL 6.0 + 4.1 6.2 + 3.4 .19
Basal estradiol level, pg/mL 26.3 + 11.9 34.2 + 13.9 .22
Endometrium thickness, mm 12.6 + 1.9 10.2 + 1.5 .04
Serum cancer antigen 125, IU/mL 64.0 + 28.0 12.3 + 8.2 .02
Dysmenorrhea, % 100 12.5 .01
Estrogen level on hCG day, pg/mL 3950 + 1326.8 4238 + 1409.6 .11
Luteinizing hormone level on hCG day, pg/mL 2.8 + 1.2 3.1 + 1.5 .09
Progesterone level on hCG day, ng/mL 1.1 + 0.3 1.0 + 0.4 .10
No. of oocyte retrieved 9.6 + 2.7 10.5 + 3.1 .12

Abbreviations: hCG, human chorionic gonadotropin; INF-r, interferon-r.
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embryo.21 In addition to providing nutrition for the conceptus,

it contains a complex array of growth factors and cytokines that

act as autocrine and paracrine messengers between endometrial

cells and leukocytes. Modern multiplex immunoassays enable

multiple markers to be quantified simultaneously using a small

sample volume.16 Some studies have shown this approach not

only to be nondisruptive to implantation but also representative

of the in vivo milieu encountered by the embryo.9,10

In the present study, we assayed a set of cytokines from the

uterine microsurroundings during the implantation window of

the ovarian stimulation cycle of adenomyosis and control

patients by multiplex immunoassay. We show here, for the first

time, significantly higher IL-6, IFN-g, and MCP-1 levels and

lower concentrations of IL-10 and IL-17 in endometrial secre-

tions from patients with adenomyosis compared to normal con-

trols. Further, we used immunohistochemistry and qRT-PCR to

verify the results of the multiplex immunoassays. Through this

process, we identified differential expression of macrophages,

IL-6, IL-10, and MCP-1 in endometrium between patients with

adenomyosis and control patients.

Based on previous endometriosis research, it was concluded

that endometrial implantation outside of utero appear to activate

host immune responses, leading to hormonal- and cell-mediated

inflammation.22 As with endometriosis, some published find-

ings suggest that an abnormal inflammatory response may be

Figure 2. Comparison of cytokine levels in endometrium secretion
from women with and without adenomyosis by multiplex immu-
noassay. Levels of interleukin-6 (25.9 + 6.6 vs 12.4 + 3.4 pg/mL;
P ¼ .001), interleukin-10 (10.4 + 2.9 vs 15.6 + 4.2 pg/mL; P ¼ .001),
interleukin-17 (11.9 + 3.0 vs 14.2 + 3.9 pg/mL; P ¼ .046), interleu-
kin-g (11.7 + 3.5 vs 8.0 + 3.4 pg/mL; P ¼ .001), and MCP-1
(37.1 + 6.5 vs 16.4 + 3.2 pg/mL; P ¼ .001) were significantly dif-
ferent between patients with adenomyosis and control groups,
respectively.

Figure 3. Immunohistochemistry study of CD-68, IL-6, IL-10, and MCP-1 expressions at the level of EMI in uterine adenomyosis. Immunor-
eactive CD-68 (A), IL-6 (B), IL-10 (C), and MCP-1 (D) were identified in the human eutopic endometrium at the level of EMI using HRP staining.
A brown reaction product indicated a positive reaction for antibody staining. The inset photographs are negative control of omitting the primary
antibodies for matched tissues and targets (�400). IL indicates interleukin; MCP-1, monocyte chemoattractant protein-1; EMI, endometrial
myometrial interface; HRP, horseradish peroxidase.
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present in eutopic and ectopic endometrium of women with ade-

nomyosis and this may impair fertility because the population of

immunocompetent cells at the endometrial–myometrial inter-

face is disrupted.23-25 In the present study, we found a signifi-

cantly increased number of macrophages in adenomyosis

endometrium epithelia compared to controls as determined by

immunohistochemistry. In line with our results, some other

published studies reported excessively high endometrial macro-

phage density in adenomyosis women compared to normal con-

trols.26,27 It is well recognized that macrophages have the

capability of releasing embryotoxic cytokines, reactive oxygen

species, and nitrogen species,28-30 which can directly damage

embryos and have been reported to increase local production

of prostaglandin F2a, leading to an increase in myometrial

Table 3. The Comparison of Expression of CD-68, IL-6, IL-10, IL-17, IFN-g, and MCP-1 in Endometrium of Adenomyosis and the Control
Group (Mean + Standard Error of the Mean).

Adenomyosis Control

H-score

mRNA

H-score

mRNAEpithelium Stroma Epithelium Stroma

CD-68a 12.56 + 2.75 5.44 + 2.40 NA 7.56 + 3.07 1.65 + 0.63 NA
IL-6b 10.33 + 2.71 8.33 + 3.24 0.83 + 0.23 6.30 + 1.95 2.6 + 0.74 0.62 + 0.13
IL-10b 6.83 + 1.38 1.67 + 0.43 0.76 + 0.19 10.3 + 1.7 7.25 + 1.44 0.53 + 0.12
IL-17 9.26 + 2.45 3.54 + 1.96 0.64 + 0.35 10.18 + 2.96 3.15 + 2.18 0.59 + 0.15
INF-r 8.37 + 2.48 2.36 + 1.87 0.77 + 0.27 7.26 + 1.98 2.85 + 1.99 0.68 + 0.23
MCP-1b 13.39 + 2.92 3.89 + 1.12 1.38 + 0.29 6.12 + 1.96 2.35 + 1.38 1.15 + 0.22

Abbreviations: IL, interleukin; IFN, interferon; MCP-1, monocyte chemoattractant protein-1; mRNA, messenger RNA.
aH-score (epithelium and stroma) of adenomyosis versus control, P < .05, no mRNA data.
bH-score (epithelium and stroma) and mRNA expression of adenomyosis versus control, P < .05.

Figure 4. Relationships between endometrium secretion levels of interleukin-6, interleukin-10, and monocyte chemotactic protein-1 assayed
by multiplex immunoassay and H-score of interleukin-6, interleukin-10, monocyte chemotactic protein-1, and cluster of differentiation-68 in
endometrium epithelium by immunohistochemistry.
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contractility that is likely to further impede the implantation pro-

cess. A recent study has reported that long-term GnRH agonist

downregulation therapy can produce a very significant fall in

endometrial macrophage numbers with a coexistent decline in

endometrial tissue production of MCP-1, a cytokine known to

be chemotactic for macrophages.31 Based on these data, it was

postulated that excess estrogen action in the endometrium of

adenomyosis may result in an increase production of proinflam-

matory cytokines, resulting in an elevated endometrial macro-

phage density.

Large populations of immune cells accumulate in the endo-

metrium during the luteal phase and are believed to be impor-

tant modulators of implantation. Among these, IL-6 carries out

important functions in reproductive physiology, including the

regulation of ovarian steroid production, folliculogenesis, and

early events related to implantation.32,33 In the human endome-

trium, IL-6 is weakly produced by luminal and glandular

epithelial cells in the proliferative phase; maximal expression

occurs in both the epithelium and the stroma in the mid-

secretory phase at the time of implantation, while IL-6 receptor

subunit remains unchanged. It has been postulated that IL-6

might play a role in the formation of ectopic endometrial

implants in adenomyosis because IL-6 mRNA expression was

significantly increased in endometrial stromal cells (ESCs)

after in vitro coculture with macrophages in adenomyosis.34

This abnormal production of IL-6 in eutopic endometrium was

also found in women with endometriosis, in which the IL-6

secretion was higher in eutopic ESCs than in healthy controls.35

The critical pathophysiologic mechanism of IL-6 in the

development of adenomyosis might be angiogenesis because

IL-6 is a potent angiogenic factor; angiogenesis triggered by

IL-6 has been found in human cervical cancer cells to act

through the signal transducer and activator of transcription

3 pathway, which might subsequently promote cervical

tumorigenesis.36

The IL-10, an important anti-inflammatory and immunosup-

pressive cytokine, is constitutively locally produced by tropho-

blasts, uterine natural killer (NK) cells, and macrophages37-39 in

the context of pregnancy. In placental tissue obtained from nor-

mal pregnant women, immunohistochemical analysis coupled

with enzyme-linked immunosorbent assay showed that IL-10 was

produced in a gestational age-dependent manner.40 No related lit-

erature is available with regard to the mechanism of IL-10 inter-

ference with local and total immune response in patients with

adenomyosis. However, it has been proven that IL-10, as a potent

antiangiogenic factor, inhibits inflammation-mediated vascular

dysfunction that orchestrates proper pregnancy outcomes.41 Sev-

eral studies have associated IL-10 deficiency to recurrent sponta-

neous abortion.42,43 According to research by Bates et al,44

spontaneous abortions have been correlated with decreased pro-

duction of IL-10 by peripheral blood mononuclear cells and a sig-

nificant decrease in IL-10 expression in the endometrium was

also seen during the peri-implantation period in women that expe-

rienced recurrent spontaneous abortions compared to con-

trols.43,45 Administration of recombinant IL-10 in abortion

prone CBA�DBA/2 mice significantly abrogated the incidence

of spontaneous fetal loss.46 Thus, decreased expression of IL-10

in adenomyosis uteri, as our shown in our results, may be associ-

ated with impaired endometrium receptivity in these patients.

The MCP-1 is a b-chemokine that specifically induces che-

motaxis and activation of mononuclear phagocytes. This che-

mokine is produced by a number of cells, including

endothelial cells, fibroblasts, monocytes, lymphocytes, smooth

muscle cells, and even tumor cells.47,48 Studies have revealed

that MCP-1 may influence both innate immunity, through its

effects on monocytes, and adaptive immunity, through its con-

trol of T helper cell polarization.49 In human reproduction,

MCP-1 may play a pivotal role in immune recognition, accep-

tance of the fetal allograft, maintenance of pregnancy, and par-

turition.50 According to published in vitro and in vivo studies,

the endometrial cells of women with endometriosis abnormally

express increased levels of MCP-1 both in local (peritoneal

fluid and endometriotic lesions) and systemic (peripheral

blood) contexts.51,52 It was speculated that, in the pathogenesis

of endomyosis, MCP-1 may play a fundamental role in the

early development and maintenance of ectopic endometrium

by stimulating the attachment of endometrial cells to the extra-

cellular matrix and induce proliferation of endometriotic

cells.53,54 Since adenomyosis is closely related to endometrio-

sis and our results also showed increased levels of MCP-1 in

the uteri cavities and endometrium of patients with adenomyo-

sis compared to controls during the secretory phase, we postu-

late that MCP-1 may be a major immune factor involved in the

pathogenesis of adenomyosis.

Moreover, MCP-1 has been shown to be a potent attractant

and activator of uterine (u) NK cells.55 High numbers of uNK

cells have been related to miscarriage and infertility,56 which is

consistent with higher secretion levels of MCP-1 being associ-

ated with lower implantation rates, such as in patients with ade-

nomyosis. Boomsma et al applied multiplex immunoassay

technology to identify cytokine profiles of endometrium secre-

tion for predicting pregnancy in IVF.13 Their results indicate

that initial embryo implantation in IVF was significantly nega-

tively associated with the concentration of endometrial MCP-1

secretion.

In the ovarian stimulation cycle, supraphysiological levels

of estrogen caused the increased presence of uNK cells, which

can secrete an array of cytokines in the luteal phase,55-57

including IL-17 and IFN-g. In the present study, lower levels

of IL-17 and higher levels IFN-g in the uteri of patients with

adenomyosis determined by multiplex immunoassay were not

confirmed by immunohistochemistry and qRT-PCR. We

hypothesize that the reason for these different results may be

attributed to the different forms of the cytokines (secreted solu-

ble or membrane-bound form) measured by the different assay

technologies (immunoassay and immunohistochemistry,

respectively). On the other hand, undetectable blood contami-

nation in the samples may have affected the readings of some

cytokines due to hemoglobin interfering with the laser read-

ings. Therefore, blood contamination, a major limitation of this

technology, should be included as a confounder when analyz-

ing the results from cytokine measurements.
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However, there are also a number of limitations to this

study. The observational nature of this study is disadvantaged

methodologically by an inability to control completely for

selection and confounding biases.58 Despite being the first

published study reporting on inflammatory cytokine profile

of endometrium in adenomyosis, the number of patients with

adenomyosis was small in comparison to controls. Therefore,

analyzing some recorded ultrasound data to examine whether

the severity of adenomyosis correlated with cytokine profile

would have been interesting but meaningless due to the small

number of patients with adenomyosis in the study. On the other

hand, pregnancy outcomes were unavailable as all embryo

transfer was canceled in ovarian stimulation cycles.

In conclusion, to our knowledge, this is the first study to

investigate the expression of these cytokines in adenomyotic

uteri after ovarian stimulation. Our results suggest that within

the implantation window of ovarian stimulation cycles, IL-6,

IFN-g, MCP-1, IL-10, and IL-17 levels in endometrial secre-

tions from patients with adenomyosis were significantly differ-

ent from that of the control group. Macrophages, IL-6, IL-10,

and MCP-1 mRNA or protein are expressed differently in the

eutopic endometrium of women with adenomyosis compared

to normal endometrium, and this may correlate with compro-

mised endometrium receptivity in these patients. On the other

hand, our results may provide clues to the pathogenesis of

adenomyosis associated with immunotolerant and/or anti-

inflammatory processes. However, further investigation is

needed to assess the precise mechanism by which cytokines

participate in the development of adenomyosis and the embryo

implantation process.
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