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Abstract: Endometriosis represents a multifaceted disease with controversial pathogenesis. Effective medical ther-
apy for endometriosis is still urgently needed. In this study, we attempted to reveal the association between CCL27 
and endometriosis to investigate new approach in the endometriosis etiology and treatment. We examined the 
expression of CCL27 in endometriotic tissue and serum samples. Then we analyzed the effects of CCL27 on cell 
proliferation, migration, invasion, adhesion and signaling pathway in endometrial stromal cells (ESCs) separated 
from ectopic endometrial tissues after CCL27 knockdown. We found that CCL27 was aberrantly elevated in endo-
metriosis. And the knockdown of CCL27 suppressed endometriosis progression by inhibiting cell growth, metastasis 
and adhesion in ESCs. And these repressed processes might be mediated by the JAK2/STAT3 pathway inactivated 
by silencing CCL27 in endometriosis. In conclusion, this study suggests that abnormal expressed CCL27 may func-
tion as a stimulative factor in the development of endometriosis.
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Introduction

Endometriosis is a benign gynecologic disorder, 
which affects 10-15% of women of reproduc-
tive age [1]. It is histologically characterized by 
the presence of endometrium-like tissue out-
side the uterine cavity containing the ovaries, 
the pelvic peritoneum and the fallopian tubes. 
The main symptoms of endometriosis are dys-
menorrhea, dyspareunia, chronic pelvic pain 
and even infertility [2]. In recent years, increas-
ing researches have been focused on this enig-
matic disease, with the retrograde menstrua-
tion theory being the most accepted explana-
tion. Whereas, many processes of endometrio-
sis still cannot be totally explained. On the basis 
of the observation in various clinical settings, 
endometriosis is demonstrated sharing similar 
symptoms with several autoimmune diseases 
and malignancies for its chronic inflammatory 
process, infiltrative and destructive growth [3, 
4]. By analogy with these diseases, more and 
more researchers agree that genetic and immu-
nological factors may be related to the endo-
metriosis pathophysiology [5]. To this point of 

view, factors that is involved in the regulation of 
cell proliferation, metastasis and immune func-
tion in endometriosis have gained increasing 
attention, such as growth factors, lectins and 
chemokines [6-8].  

Chemokines are a family of 8-10 kDa cytokines 
or signal proteins, sharing homologous gene 
and amino acid sequences. These small poly-
peptide molecules are secreted by specific 
types of cells, and attract T cells, leukocytes or 
other cell types by interacted with their corre-
sponding G-protein-linked receptors on the sur-
face of target cells. Depending on the spacing 
of their first two cysteine residues, chemokines 
are classified into four sub-groups, including CC 
chemokine, CXC chemokine, C chemokine and 
CX3C chemokine [9]. The most important bio-
logical function of chemokines is to act as che-
moattractant to mediate the migration of cells 
which is involved in homeostatic and inflamma-
tory processes. Chemokine CC-motif ligand 27 
(CCL27), also known as cutaneous T cell-
attracting chemokine (CTACK), is a skin-specific 
chemokine that is mainly expressed in epider-
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mal keratinocytes [10]. CCL27 acts as a key 
factor in T cell-mediated inflammation of skin 
by associated with homing of memory T lym-
phocytes to the skin [11, 12]. Studies on psori-
asis have suggested that over-expressed 
CCL27 promotes the persistent deterioration in 
psoriasis by its essential role in immunoregual-
tory and inflammatory progressions [13]. Whilst 
in recent years, investigators have revealed 
that CCL27 is highly expressed in melanoma 
and SCC and is related to mediating immune 
evasion of tumor cells inducing tumor develop-
ment [14, 15]. 

In this study, we analyzed the expression pat-
tern and biological function of CCL27 in endo-
metriosis for the first time. We examined the 
expression of CCL27 in serum samples and 
ectopic/eutopic endometrial tissues from 
patients with endometriosis. We further sepa-
rated endometrial stromal cells (ESCs) from 
endometriosis, and assessed the effects of 
CCL27 on cell proliferation, metastasis and 
adhesion of ESCs by RNA interference. The 
data showed that CCL27 was highly expressed 
in serum and tissues of endometriosis as com-
paring to controls. And over-expressed CCL27 
in ESCs promoted cell proliferation, migration, 
invasion and adhesion by facilitating phosphor-
ylation of JAK-STAT signal pathway and upregu-
lating relative protein levels of MMP2, MMP9, 
CD44 and ICAM1. 

Materials and methods

Patients

Endometriosis samples, including eutopic end- 
ometrial tissues (n=10), ectopic endometrial 
tissues (n=10) and peripheral blood samples 
(n=60) were collected from 60 patients with 
surgically confirmed endometriosis. Control 
endometrial tissues (n=10) and peripheral 
blood samples (n=60) were from 60 women 
without evident endometriosis. Endometrial tis-
sues were obtained by biopsy during laparos-
copy. All patients were aged between 25 and 
45 years, and had no hormone treatment for at 
least two weeks before tissue collection. The 
patients enrolled in this study were treated at 
Women’s Hospital, School of Medicine, Zhejiang 
University (Hangzhou, China). Informed and 
written consent was obtained from all patients 
according to the ethics committee guidelines.

Cell isolation

The endometrial tissues from endometriosis 
patients were collected in Hank’s balanced salt 
solution, and the ESCs were isolation according 
to the methods described previously [16, 17]. 
Briefly, the tissue was minced into 1 mm2 piec-
es and digested with 0.125% collagenase 
(Xiaflex) in DMEM media supplemented with 5% 
fetal bovine serum, 200 U/ml penicillin and 0.2 
mg/ml streptomycin without phenol red. Tissue 
digest was then passed through a sterile steel 
sieve of 140 µm followed by a 37 µm sterile 
steel sieve. The ESCs were retained in the fil-
tered isolation medium and then collected by 
centrifugation. The separated cells were resus-
pended and seeded with a density of 5×104/ml 
in 24-well plates. Stromal cell culture medium 
consisted of DMEM/F12 media supplemented 
with 10% fetal bovine serum, 100 U/ml penicil-
lin and 100 µg/ml streptomycin. Cell culture 
was maintained at 37°C in a humidified 5% CO2 
atmosphere.

Enzyme-linked immunosorbent assay (ELISA)

Serum obtained from peripheral blood sam- 
ples by centrifugation was subjected to ELISA 
using 96-well plates coated with antibody 
against human CCL27. And the concentration 
of CCL27 in serum was measured according to 
the manufacture’s instructions of CCL27 ELISA 
kit (Sigma).

Immunohistochemistry (IHC)

The protein level of CCL27 in ectopic and 
eutopic endometrial biopsy were underwent 
IHC to evaluated positive areas under micro-
scope. Briefly, antigen retrieval of sample slides 
was performed with high pressure pretreat-
ment in 0.01 M citrate buffer (pH=6.0) for 15 
min. After blocked by goat serum, the slides 
were incubated with goat polyclonal anti-CCL27 
antibody (1:100, Abcam) followed by incubation 
with HRP-labeled secondary antibody (1:2000, 
Beyotime). Visualization was performed using 
commercial DAB reagent kit (Beyotime) accord-
ing to the manufacture’s methods. Nuclei was 
countered stained with hematoxylin.  

siRNA transfection

To silence the expression of CCL27 in separat-
ed ESCs, three human CCL27 mRNA (NM_ 
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cells on the lower membrane were then fixed 
and stained with 0.05% crystal violet (Solarbio) 
and counted under the microscope.

Cell invasion assay was also performed using 
Trueline chamber. The inserts of upper cham-
bers were coated with 50 µl Matrigel (1:2 dilu-
tion, BD Biosciences) of which containing a 
polycarbonate filter. And the rest of experiment 
processed as migration assay described above.

Adhesion assay

ESCs were harvested at 48 h after siRNA trans-
fection and resuspended in DMEM/RPMI-1640 
media. Cells were then seeded in 12-well plates 
covered with Fibronectin beforehand in the 
density of 1×105/well and incubated for 1 h at 
37°C in 5% CO2 atmosphere. Non-adhering 
cells were removed by washing 2 times with 
PBS. Adhering cells were fixed by 4% parafor-
maldehyde and stained with GIMSA for 15 min. 
the stained cells were finally counted under 
microscope.

Western blotting

ESCs were collected at 48 h post RNA interfer-
ence for western blot assay. Cells were washed 
3 times with PBS and lysed in ice-cold radio 
immunoprecipitation assay buffer (Solarbio) 
supplemented with 0.01% protease inhibitor 
cocktail (Sigma) for 30 min. Cell lysis was then 
centrifuged at 4°C for 10 min at the speed of 
12000 rpm. The supernatant was separated by 
SDS-PAGE followed by incubated with appropri-
ate primary and secondary antibodies respec-
tively. Visualization was performed using the 
enhanced chemiluminescence system. The 
antibody list was as follow: CCL27 (1:5000, 
Abcam), MMP2 (1:1000, Abcam), MMP9 (1: 
500, Abcam), CD44 (1:1000, CST), ICAM1 
(1:1000, Abcam), p-JAK2 (1:1000, CST), JAK2 
(1:1000, CST), p-STAT3 (1:1000, Abcam), STAT3 
(1:1000, Abcam), GAPDH (1:1500, Abcam) and 
HRP-labeled secondary antibodies (1:1000, 
Beyotime). GAPDH was served as internal 
control.

Statistical analysis

At least three independent experiments were 
performed in every assay. The results were 
analyzed by SPSS 13.0 statistical package 
(SPSS). Data were xpressed as mean (± SD) 
and analyzed with t-test for multiple compari-

006664.3) siRNA targeting positions (158-
180: GUACUCAGCUCUACCGAAA, 191-213: AG- 
CUACUGAGGAAGGUCA and 330-352: CCAAG- 
AGAGAAAGCUCCAU) were synthesized. A non-
specific scramble siRNA sequence was per-
formed as negative control (NC). Lipofecta- 
mine 2000 (Invitrogen) was used in the trans-
fection of siRNAs into ESCs according to the 
manufacture’s instructions. All the other ass- 
ays were underwent at 48 h after siRNAs 
transfection.

Reverse transcription and real-time PCR (qRT-
PCR)

Total RNA was extracted from ESCs using the 
TRIzol reagent (Invitrogen) according to the 
manufacture’s methods. Reverse transcription 
was performed using cDNA Synthesis Kit 
(Fermentas). The qRT-PCR was conducted with 
SYBR Green PCR kit (Fermentas) in an ABI-
7300 Real-Time PCR system (ABI) according to 
the instructions provided by the manufacture. 
The program of qRT-PCR was 10 min at 95°C, 
40 cycles of 15 s at 95°C and 45 s at 60°C, 
followed by 1 min at 60°C, 15 s at 95°C and  
15 s at 60°C. GADPH was served as internal 
control. The primer sequences were: CCL27 
(NM_006664.3), Primer F: 5’-TCCTGCTGCTGT- 
CATTGC-3’, Primer R: 5’-GAGAGTGGCTTTCGG- 
TAGAG-3’; and GADPH (NM_001256799.1), 
Primer F: 5’-CACCCACTCCTCCACCTTTG-3’, Pri- 
mer R: 5’-CCACCACCCTGTTGCTGTAG-3’. 

Proliferation analysis

ESCs were seeded into 96-well plates and 
examined at 0 h, 24 h, 48 h and 72 h post RNA 
interference by using commercial Cell Counting 
Kit (7seabiotech) according to the procedure 
provided by manufacture. Absorbance of react-
ed cells were detected with excitation at 450 
nm to evaluate cell proliferation.

Migration and invasion assays

Transwell assay was used to evaluate the 
migration and invasion of ESCs. Separated 
ESCs were serum starved for about 24 h post 
RNA interference followed by seeded into upper 
chamber of a 24-well transwell chamber 
(Trueline) with a 8 µm pore size. After 24 h cell 
culture, the cells migrating from upper class to 
the surface of lower class which was covered 
with culture medium supplemented with 30% 
fetal bovine serum beforehand. The migrating 
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sons. P-value less then 0.05 was considered 
statistically significant.

Results

Over expressed CCL27 in endometriosis tis-
sues

To verify the expression pattern of CCL27 in 
endometriosis, we detected the mRNA and pro-
tein expression of CCL27 in ectopic (n=10)/
eutopic (n=10) endometriotic and normal 
(n=10) endometrial tissues using western blot 
and IHC assays. Moreover, the protein level of 
CCL27 in endometriosis (n=60) and normal 
(n=60) serum samples was examined using 
ELISA assay. As shown in Figure 1A and 1B, 
CCL27 was highly expressed in both tissue and 
serum samples of endometriosis as comparing 
to normal endometrial tissues. As Figure 1C 
showed, protein level of CCL27 in ectopic endo-
metriosis tissues was significantly higher than 
that in eutopic endometriotic tissues. These 
results showed that CCL27 was abnormally 
highly expressed in endometriosis, especially in 
ectopic endometriosis tissues. 

Knockdown of CCL27 in ESCs of endometriosis 
and the inhibition of cell proliferation

To further evaluated the biological functions of 
CCL27 in endometriosis, siRNA transfection 
was used to knock down CCL27 expression in 

ESCs separated from ectopic endometriosis 
tissues. Three targeting positions of CCL27 
mRNA was performed in RNA interference. 
After 48 h, transfected ESCs were examined by 
qRT-PCR and western blot. As Figure 2A 
showed, CCL27 expression was depressed sig-
nificantly post RNA interference compared to 
mock. The inhibition rates of mRNA expression 
and protein level were 78.23% and 84.98%, in 
position 1, 46.79% and 58.73% in position 2, 
66.84% and 67.62% in position 3. And the po- 
sition1 (158-180: GUACUCAGCUCUACCGAAA) 
was selected as the targeting position to under-
go further experiments with highest inhibition 
rate. 

Then, we examined the proliferation of ESCs at 
0 h, 24 h, 48 h and 72 h post RNA interference 
by the use of CCK-8 assay. As shown in Figure 
2B, silencing of CCL27 inhibited proliferation of 
ESCs obviously. The data suggested that abnor-
mal expression of CCL27 may facilitate cell 
growth of endometriosis. 

Silencing of CCL27 inhibited metastasis of en-
dometriosis ESCs

Metastasis is a key symptom of endometriosis. 
To reveal the effects of CCL27 on endometrio-
sis, we assessed migration and invasion of 
ESCs. In Figure 3, depletion of CCL27 sup-
pressed ESCs migration and invasion obvious-

Figure 1. Expression of CCL27 in endometriotic tissue and serum samples. A. IHC staining and relative positive 
areas of CCL27 in normal and endometriotic tissues (n=10, original magnification ×200). B. Protein levels of CCL27 
in serum samples from patients with and without endometriosis examined by ELISA (n=60, P<0.000001). C. Protein 
expression of CCL27 in eutopic and ectopic endometrial tissues (n=10). Data were shown as mean ± SD, *P<0.05, 
**P<0.01 (compared to controls).
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ly. The cell numbers of migration and invasion 
were: 114 ± 7 and 66 ± 7 in Mock, 107 ± 9 and 
71 ± 5 in NC, 30 ± 3 and 20 ± 4 in CCL27-
siRNA. These data showed that depletion of 
CCL27 significantly inhibited ESCs metastasis 
of endometriosis.

Silencing of CCL27 depressed adhesion of en-
dometriosis ESCs

As described above, silencing of CCL27 inhibit-
ed metastasis of endometriosis, we further 
examined the effects of CCL27 on adhesion to 

fibronectin of ESCs. The numbers of adhering 
ESCs in mock, NC and siRNA were 45 ± 4, 39 ± 
4 and 19 ± 3 respectively (Figure 4). And the 
data revealed that over expressed CCL27 pro-
moted cell adhesion in endometriosis. 

Effects of CCL27 knockdown on key protein 
levels of cell adhesion

To investigate the promotion mechanism of 
metastasis and adhesion of ESCs induced by 
highly expressed CCL27, we measured some 
key protein levels containing MMP9, MMP2, 

Figure 2. Knockdown of CCL27 in separated ESCs and 
its effect on cell proliferation. A. Depletion of CCL27 in 
ESCs separated from ectopic endometrial tissues of 3 
targeting positions (n=3). B. Relative growth rates of 
ESCs at 0 h, 24 h, 48 h and 72 h after siRNA transfec-
tion (n=3). Data were shown as mean ± SD, *P<0.05, 
**P<0.01, ***P<0.001 (compared to controls).

Figure 3. Depletion of CCL27 inhibited metastasis in ectopic ESCs. Migrating and invading cell numbers were count-
ed under microscope after analyzed by transwell assay post RNA interference. A and B. Effects of CCL27 depletion 
on cell migration and invasion in ESCs (n=3). Data were shown as mean ± SD, *P<0.05, **P<0.01, ***P<0.001 
(compared to controls). 
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Figure 4. Silencing of CCL27 suppressed adhesion of ectopic ESCs. 
Data were shown as mean ± SD, *P<0.05, **P<0.01, ***P<0.001 
(compared to controls).  

CD44 and ICAM1 using western blot at 48 h 
post RNA interference. As Figure 5 showed, 
expression levels of all target proteins were 
notably depressed by silencing of CCL27. And 
the decrease rates were 82.46% in MMP9, 
56.24% in MMP2, 55.90% in CD44 and 41.36% 
in ICAM1. As the results showed, depletion of 
CCL27 decreased the cellular protein levels 
relative to cell metastasis and adhesion.

Effects of CCL27 knockdown on JAK2/STAT3 
signal pathway

As over expressed CCL27 may promote cell 
proliferation in endometriosis, we measured 
protein levels of some essential factors in 
JAK2/STAT3 signal pathway of ESCs. JAK2, 
p-JAK2, STAT3 and p-STAT3 were examined 
using western blot. As Figure 6 showed, the 
ratios of p-STAT3/STAT3 and p-JAK2/JAK2 were 
2- and 3-folds decrease in transfected ESCs as 
comparing to mocks. And protein levels of 
p-STAT3 and p-JAK2 were decreased obviously 
post RNA interference (decrease ratios: 
p-STAT3 54.87% and p-JAK2 77.91%, which 
were not shown in Figure 6). The cellular pro-
tein expression of STAT3 and JAK2 were slightly 
inhibited by depletion of CCL27 which did not 

the pathogenesis of endometriosis. For exam-
ples, CCL5 is reported obviously elevated in 
patients with endometriosis. The stimulated 
expression of CCL5 in ESCs can be inhibited by 
progestin treatment, which is an effective ther-
apy for pain relief and control of endometriosis 
[19-21]. And increased CCL2 level was detect-
ed in peritoneal fluid of endometriosis patients 
[22]. Li et al. demonstrated that CCL2 improved 
cell proliferation, invasion by activating PI3K/
AKT and MAPK/ERK pathways in ESCs sepa-
rated from endometriotic tissues [23]. More- 
over, abnormally expressed CCL11 might pro-
mote angiogenesis and subsequence progres-
sion of endometriosis [24]. In this study, we 
attempted to reveal the association between 
endometriosis and CCL27, another important 
member of CC-chemokine subfamily. We exam-
ined the expression of CCL27 in tissue and 
serum samples from endometriotic patients 
using IHC, western blot and ELISA. And we 
found that protein level and positive areas of 
CCL27 were significantly higher in eutopic and 
ectopic endometriotic tissues compared to  
normal endometrial tissues. The elevated 
CCL27 was also detected in serum samples  
of endometriosis. These data implicated that 
CCL27 was highly expressed in endometriosis.

reach statistical significantly. Su- 
mmarily, knockdown of CCL27 de- 
pressed phosphorylation of STAT3 
and JAK2.

Discussion

Endometriosis is a multifaceted 
disease of unknown etiology and 
debated pathogenesis. Its compli-
cated symptoms analogy with 
autoimmune diseases and can-
cers induce increasing researches 
of endometriosis focused on fac-
tors involved in genetic and immu-
nological processes. Current evi-
dence reveal that chemokine plays 
a key role in the pathogenesis of 
endometriosis [1]. And the recruit-
ment and activation of immune 
cells induced by chemokines in 
implants may result in endometri-
osis-related pain and infertility 
[18]. Relative studies suggest that 
members of CC-chemokine sub-
family are mainly associated with 
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To further investigated the function of CCL27  
in endometriotic progression, we transfected 
CCL27-siRNA into ESCs separated from ecto- 
pic endometrial tissues to silence the CCL27 
expression. And we analyzed cell proliferation, 
migration, invasion and adhesion of ESCs at  
48 h post RNA interference. The results sug-
gested that silenced CCL27 inhibited cell 
growth, metastasis and adhesion of ESCs  
obviously. These result showed that CCL27 
may act as a promoting factor in endometri- 
osis development.

As cell metastasis and adhesion in ESCs of 
endometriosis were promoted significantly by 
over-expressed CCL27. We then selected four 
relative proteins including MMP2, MMP9, CD44 
and ICAM1 to examine their intracellular levels. 
MMPs are important factors in metastasis for 

their degradation capacity of extracellular 
matrix. ICAM1 and CD44 are surface glyco- 
proteins promoting adhesion in immunological 
and inflammatory reactions. All of them play 
role in pathogenesis of endometriosis [25, 26]. 
Researches have reported that expression of 
MMPs and ICAM1 is much greater in ectopic 
endometrium than that in normal endometrium 
[27]. Moreover highly expressed ICAM1 may be 
involved in the promotion of susceptibility to 
endometriosis [28, 29]. At 48 h after siRNA 
transfection, target protein levels were detect-
ed using qRT-PCR. And as results showed, 
knockdown of CCL27 notably down-regulated 
the intracellular levels of MMP2, MMP9, CD44 
and ICAM1 of ESCs. So over-expressed CCL27 
may contribute to abnormally elevated expres-
sion of MMPs and ICAM1 in endometriosis. 

Figure 5. Silencing of CCL27 depressed the protein levels of factors related to cell metastasis and adhesion. A and 
B. Protein levels of MMP9, MMP2, CD44 and ICAM1 in ectopic ESCs examined by western bolt at 48 h post RNA 
interference (n=3). Data were shown as mean ± SD, *P<0.05, **P<0.01, ***P<0.001 (compared to controls).

Figure 6. Knockdown of CCL27 inhibited the activation of JAK2/STAT3 signaling pathway. A and B. Protein levels of 
p-STAT3, STAT3, p-JAK2 and JAK2 in ectopic ESCs examined by western bolt at 48 h post RNA interference (n=3). 
Data were shown as mean ± SD, *P<0.05, **P<0.01, ***P<0.001 (compared to controls). 
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Finally, to reveal the functional mechanism of 
CCL27 in endometriosis, we analyzed the 
effects of CCL27 on JAK/STAT pathway in ESCs. 
The levels of p-STAT3, STAT3, p-JAK2 and JAK2 
were examined using qRT-PCR. We found that 
the values of p-JAK2/JAK2 and p-STAT3/STAT3 
were obviously down-regulated in ESCs post 
RNA interference. Activation of JAK/STAT sig-
naling pathway is involved in mediating the 
regulation of various aspects of response, such 
as defense, differentiation, proliferation, hema-
topoiesis and oncogenesis [30, 31]. For exam-
ple, previous study have implicated that activa-
tion of JAK2/STAT3 pathway is associated with 
leptin-mediated promotion of invasion and 
migration in hepatocellular carcinoma cells 
[32]. And Wu et al. indicated that JAK/STAT3 
signaling was involved in metastasis in endo-
metrial cancer cells by regulating intracellular 
levels of MMP2 and MMP9 [33]. In endometrio-
sis, the activation of JAK/STAT pathway is indi-
cated related to the pelvic pain by regulating 
the expression of pro-inflammatory factors 
including IL-1β and tumor necrosis factor-α [34-
36]. Oh et al. also demonstrated that the leptin-
induced proliferation in epithelial endometriotic 
cells was mediated by the activation of JAK2/
STAT3 pathway [37]. The results of present 
study indicated that highly expressed CCL27 
may act as a signaling molecule to activate 
JAK2/STAT3 pathway in ESCs. And the promo-
tion of cell proliferation and metastasis may 
induced by the JAK2/STAT3 pathway activated 
by CCL27 in ESCs.

Summarily, this study for the first time uncov-
ered the expression pattern and molecular 
mechanism of CCL27 in endometriosis. We 
found that CCL27 was abnormally elevated  
in endometriotic tissue and serum samples. 
And over-expressed CCL27 contributed to the 
promotion of proliferation, metastasis and 
adhesion in ESCs separated from endomet- 
riotic patients, through up-regulating MMP2, 
MMP9, CD44 and ICAM1 and activating JAK2/
STAT3 signaling pathway. This may provide a 
novel therapy target for the treatment of 
endometriosis.

Acknowledgements

This work was supported by research funds 
from 2013 Zhejiang Province Natural Science 
Funds Grant (No. Y13H040003) and 2014 
National Natural Science Funds of Youth 
Science Foundation Grant (No. 81401181).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Jianhong Zhou, Wo- 
men’s Hospital, School of Medicine, Zhejiang Uni- 
versity, Xueshi Road 1, Hangzhou 310006, China. 
Tel: 086-0571-87061501; E-mail: rf100@163.com

References

[1] Borrelli GM, Carvalho KI, Kallas EG, Mechsner 
S, Baracat EC and Abrao MS. Chemokines in 
the pathogenesis of endometriosis and infertil-
ity. J Reprod Immunol 2013; 98: 1-9.

[2] Burney RO and Giudice LC. Pathogenesis and 
pathophysiology of endometriosis. Fertil Steril 
2012; 98: 511-519.

[3] Matarese G, De Placido G, Nikas Y and Alviggi 
C. Pathogenesis of endometriosis: natural im-
munity dysfunction or autoimmune disease? 
Trends Mol Med 2003; 9: 223-228.

[4] Noel JC, Chapron C, Fayt I and Anaf V. Lymph 
node involvement and lymphovascular inva-
sion in deep infiltrating rectosigmoid endome-
triosis. Fertil Steril 2008; 89: 1069-1072.

[5] Maybin JA, Critchley HO and Jabbour HN. In-
flammatory pathways in endometrial disor-
ders. Mol Cell Endocrinol 2011; 335: 42-51.

[6] Anaf V, Simon P, El Nakadi I, Fayt I, Simonart T, 
Buxant F and Noel JC. Hyperalgesia, nerve infil-
tration and nerve growth factor expression in 
deep adenomyotic nodules, peritoneal and 
ovarian endometriosis. Hum Reprod 2002; 17: 
1895-1900.

[7] Guo Y, Chen Y, Liu LB, Chang KK, Li H, Li MQ 
and Shao J. IL-22 in the endometriotic milieu 
promotes the proliferation of endometrial stro-
mal cells via stimulating the secretion of CCL2 
and IL-8. Int J Clin Exp Pathol 2013; 6: 2011-
2020.

[8] Noel JC, Chapron C, Borghese B, Fayt I and 
Anaf V. Galectin-3 is Overexpressed in Various 
Forms of Endometriosis. Appl Immunohisto-
chem Mol Morphol 2011; 19: 253-257.

[9] Vinader V and Afarinkia K. A beginner’s guide 
to chemokines. Future Med Chem 2012; 4: 
845-852.

[10] Homey B, Wang W, Soto H, Buchanan ME, Wi-
esenborn A, Catron D, Muller A, McClanahan 
TK, Dieu-Nosjean MC, Orozco R, Ruzicka T, 
Lehmann P, Oldham E and Zlotnik A. Cutting 
edge: The orphan chemokine receptor G  
protein-coupled receptor-2 (GPR-2, CCR10) 
binds the skin-associated chemokine CCL27 
(CTACK/ALP/ILC). J Immunol 2000; 164: 
3465-3470.

[11] Homey B, Alenius H, Muller A, Soto H, Bowman 
EP, Yuan W, McEvoy L, Lauerma AI, Assmann T, 
Bunemann E, Lehto M, Wolff H, Yen D, Marx-

mailto:rf100@163.com


Biological function of CCL27 in endometriosis

19082 Int J Clin Exp Med 2016;9(10):19074-19083

hausen H, To W, Sedgwick J, Ruzicka T, Lehm-
ann P and Zlotnik A. CCL27-CCR10 inte- 
ractions regulate T cell-mediated skin inflam-
mation. Nat Med 2002; 8: 157-165.

[12] Karakawa M, Komine M, Hanakawa Y, Tsuda 
H, Sayama K, Tamaki K and Ohtsuki M. CCL27 
Is Downregulated by Interferon Gamma via 
Epidermal Growth Factor Receptor in Normal 
Human Epidermal Keratinocytes. J Cell Physiol 
2014; 229: 1935-1945.

[13] Gudjonsson JE, Ding J, Johnston A, Tejasvi T, 
Guzman AM, Nair RP, Voorhees JJ, Abecasis 
GR and Elder JT. Assessment of the Psoriatic 
Transcriptome in a Large Sample: Additional 
Regulated Genes and Comparisons with In Vi-
tro Models. J Invest Dermatol 2010; 130: 
1829-1840.

[14] Kai H, Kadono T, Kakinuma T, Tomita M, Ohm-
atsu H, Asano Y, Tada Y, Sugaya M and Sato S. 
CCR10 and CCL27 are overexpressed in cuta-
neous squamous cell carcinoma. Pathol Res 
Pract 2011; 207: 43-48.

[15] Simonetti O, Goteri G, Lucarini G, Filosa A, 
Pieramici T, Rubini C, Biagini G and Offidani A. 
Potential role of CCL27 and CCR10 expression 
in melanoma progression and immune es-
cape. Eur J Cancer 2006; 42: 1181-1187.

[16] Arnold JT, Kaufman DG, Seppala M and Lessey 
BA. Endometrial stromal cells regulate epithe-
lial cell growth in vitro: a new co-culture model. 
Hum Reprod 2001; 16: 836-845.

[17] ClassenLinke I, Kusche M, Knauthe R and Bei-
er HM. Establishment of a human endometrial 
cell culture system and characterization of its 
polarized hormone responsive epithelial cells. 
Cell Tissue Res 1997; 287: 171-185.

[18] Lebovic DI, Mueller MD and Taylor RN. Immu-
nobiology of endometriosis. Fertil Steril 2001; 
75: 1-10.

[19] Hornung D, Ryan IP, Chao VA, Vigne JL, 
Schriock ED and Taylor RN. Immunolocaliza-
tion and regulation of the chemokine RANTES 
in hunan endothelial and endometriosis tis-
sues and cells. J Clin Endocrinol Metab 1997; 
82: 1621-1628.

[20] Khorram O, Taylor RN, Ryan IP, Schall TJ and 
Landers DV. Peritoneal-fluid concentrations of 
the cytokine RANTES correlate with the severi-
ty of endometriosis. Am J Obstet Gynecol 
1993; 169: 1545-1549.

[21] Wiedermann CJ, Kowald E, Reinisch N, Kaehler 
CM, von Luettichau I, Pattison JM, Huie P, Sib-
ley RK, Nelson PJ and Krensky AM. Monocyte 
haptotaxis induced by the RANTES chemokine. 
Curr Biol 1993; 3: 735-739.

[22] Tao Y, Zhang Q, Huang W, Zhu H, Zhang D and 
Luo W. The Peritoneal Leptin, MCP-1 and TNF-
alpha in the Pathogenesis of Endometriosis-
Associated Infertility. Am J Reprod Immunol 
2011; 65: 403-406.

[23] Li MQ, Li HP, Meng YH, Wang XQ, Zhu XY, Mei J 
and Li DJ. Chemokine CCL2 enhances survival 
and invasiveness of endometrial stromal cells 
in an autocrine manner by activating Akt and 
MAPK/Erk 1/2 signal pathway. Fertil Steril 
2012; 97: 919-U331.

[24] Ouyang Z, Osuga Y, Hirota Y, Hirata T, Yoshino 
O, Koga K, Yano T and Taketani Y. Interleukin-4 
induces expression of eotaxin in endometriotic 
stromal cells. Fertil steril 2010; 94: 58-62.

[25] Beliard A, Donnez J, Nisolle M and Foidart JM. 
Localization of laminin, fibronectin, E-cadherin, 
and integrins in endometrium and endometrio-
sis. Fertil Steril 1997; 67: 266-272.

[26] Klemmt PAB, Carver JG, Koninckx P, McVeigh 
EJ and Mardon HJ. Endometrial cells from 
women with endometriosis have increased ad-
hesion and proliferative capacity in response 
to extracellular matrix components: towards a 
mechanistic model for endometriosis progres-
sion. Hum Reprod 2007; 22: 3139-3147.

[27] Pino M, Galleguillos C, Torres M, Sovino H, 
Fuentes A, Boric MA and Johnson MC. Associa-
tion between MMP1 and MMP9 activities and 
ICAM1 cleavage induced by tumor necrosis 
factor in stromal cell cultures from eutopic en-
dometria of women with endometriosis. Repro-
duction 2009; 138: 837-847.

[28] Vigano P, Gaffuri B, Somigliana E, Busacca M, 
Di Blasio AM and Vignali M. Expression of inter-
cellular adhesion molecule (ICAM)-1 mRNA 
and protein is enhanced in endometriosis ver-
sus endometrial stromal cells in culture. Mol 
Hum Reprod 1998; 4: 1150-1156.

[29] Wu MH, Yang BC, Lee YC, Wu PL and Hsu CC. 
The differential expression of intercellular ad-
hesion molecule-1 (ICAM-1) and regulation by 
interferon-gamma during the pathogenesis of 
endometriosis. Am J Reprod Immunol 2004; 
51: 373-380.

[30] Kisseleva T, Bhattacharya S, Braunstein J and 
Schindler CW. Signaling through the JAK/STAT 
pathway, recent advances and future challeng-
es. Gene 2002; 285: 1-24.

[31] Ptak A and Gregoraszczuk EL. Bisphenol A in-
duces leptin receptor expression, creating 
more binding sites for leptin, and activates the 
JAK/Stat, MAPK/ERK and PI3K/Akt signalling 
pathways in human ovarian cancer cell. Toxicol 
Lett 2012; 210: 332-337.

[32] Zeleznik AJ, Saxena D and Little-Ihrig L. Protein 
kinase B is obligatory for follicle-stimulating 
hormone-induced granulosa cell differentia-
tion. Endocrinology 2003; 144: 3985-3994.

[33] Wu X, Yan Q, Zhang Z, Du G and Wan X. Acrp30 
inhibits leptin-induced metastasis by downreg-
ulating the JAK/STAT3 pathway via AMPK acti-
vation in aggressive SPEC-2 endometrial can-
cer cells. Oncol Rep 2012; 27: 1488-1496.



Biological function of CCL27 in endometriosis

19083 Int J Clin Exp Med 2016;9(10):19074-19083

[34] Milewski L, Barcz E, Dziunycz P, Radomski D, 
Kaminski P, Roszkowski PI, Korczak-Kowalska 
G and Malejczyk J. Association of leptin with 
inflammatory cytokines and lymphocyte sub-
populations in peritoneal fluid of patients with 
endometriosis. J Reprod Immunol 2008; 79: 
111-117.

[35] Pang M, Ma L, Gong R, Tolbert E, Mao H, Pon-
nusamy M, Chin YE, Yan H, Dworkin LD and 
Zhuang S. A novel STAT3 inhibitor, S3I-201, at-
tenuates renal interstitial fibroblast activation 
and interstitial fibrosis in obstructive nephrop-
athy. Kidney Int 2010; 78: 257-268.

[36] Sommer C and Kress M. Recent findings on 
how proinflammatory cytokines cause pain: 
peripheral mechanisms in inflammatory and 
neuropathic hyperalgesia. Neurosci Lett 2004; 
361: 184-187.

[37] Oh HK, Choi YS, Yang YI, Kim JH, Leung PCK 
and Choi JH. Leptin receptor is induced in en-
dometriosis and leptin stimulates the growth 
of endometriotic epithelial cells through the 
JAK2/STAT3 and ERK pathways. Mol Hum Re-
prod 2013; 19: 160-168.


