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Abstract. The aim of the present study was to investigate the 
role of chemokine (C‑X‑C motif) ligand 12 (CXCL12) and its 
receptor, chemokine (C‑X‑C motif) receptor 4 (CXCR4) in the 
pathogenesis of adenomyosis (AD). Immunohistochemistry 
and reverse transcription‑quantitative polymerase chain reac-
tion analysis were used to measure the protein and mRNA 
expression of CXCL12 and CXCR4 in eutopic endometrial and 
ectopic foci tissue samples. Samples from a total of 36 patients 
with AD (study group) were compared with endometrial tissue 
samples from 33 patients who underwent uterine fibroids 
surgery (control group) during the same period. All data are 
presented as the mean ± standard deviation and were analyzed 
with SPSS software (version 16.0). Analysis of variance was 
used for between group analysis and pairwise comparison was 
performed using Fisher's least significant difference post hoc 
test. The results of the present study revealed that CXCL12 
and CXCR4 protein expression was significantly increased 
in ectopic foci tissue compared with eutopic endometrial 
tissue samples from patients with AD. CXCL12 and CXCR4 
protein expression in ectopic foci and eutopic endometrial 
tissue samples were significantly increased compared with 
the control group (P<0.05 for between group comparisons). 
No significant differences were identified in CXCL12 and 
CXCR4 protein expression between the proliferative and 
secretory phases within each group. Furthermore, CXCL12 
and CXCR4 mRNA expression was significantly increased in 
ectopic foci tissue and eutopic endometrial tissue compared 
with the control group (P<0.05 for between group compari-
sons). CXCL12 mRNA expression was markedly increased in 
ectopic foci tissue compared with eutopic endometrial tissue 
of patients with AD. The expression of CXCR4 mRNA was 
significantly increased in eutopic endometrial tissue compared 
with ectopic foci tissue and the control group (P<0.05 for 
between group comparisons). No significant differences 

were identified in CXCL12 and CXCR4 mRNA expression 
between proliferative and secretory phase within each group. 
In conclusion, CXCL12 and CXCR4 may induce the ectopia, 
and promote the spread and localized growth of endometrial 
cells in the development of AD. 

Introduction

The incidence of adenomyosis (AD) has increased in recent 
years, affecting the quality of life and fertility of patients, and 
has become a popular topic of gynecological research (1,2). 
Thus far, its etiology and pathogenesis remain unclear, despite 
several studies (3).

Among several hypotheses that attempt to explain the 
pathogenesis of AD, the theory of endometrial damage is 
widely accepted. This theory states that endometrial cells 
invade the myometrium through the damaged endometrium 
and grow ectopically, subsequently leading to an adenomyotic 
lesion (3,4). The incidence of pregnancy, delivery, abortion and 
intrauterine device use has been demonstrated to be increased 
in patients with AD compared with healthy controls, thus 
supporting the theory of endometrial damage (4,5). Further-
more, surgeries, including cesarean sections and the removal 
of uterine fibroids, are considered pathogenic risk factors of 
AD (6). However, the mechanism by which endometrial cells 
invade the myometrium through the damaged endomembrane 
and proliferate ectopically remains unclear.

Chemokines regulate the movement of leukocytes during 
the inflammatory response. Chemokine (C‑X‑C motif) 
ligand 12 (CXCL12), also known as stromal cell‑derived 
factor 1, belongs to the CXC chemokine family. Chemokine 
(C‑X‑C motif) receptor 4 (CXCR4) is a specific receptor for 
CXCL12 (7‑9), and binds with a high affinity to form the 
CXCL12/CXCR4 axis. The CXCL12/CXCR4 axis serves an 
important role in promoting tumor cell invasion and directed 
metastasis, and is associated with the progression and prog-
nosis of cancer, such as bone metastasis in hepatocellular 
carcinoma  (10‑13). Although AD is a benign disease, the 
pathological progression, including cell adhesion, invasion, 
metastasis and recurrence, is similar to that in malignant 
tumors (14,15). To the best of our knowledge, the concentra-
tions of CXCL12 and CXCR4 in adenomyotic tissue have not 
yet been reported. In the present study, the expression levels 
of CXCL12 and CXCR4 in the ectopic foci and eutopic endo-
metrium of patients with AD were investigated and compared 
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with the expression in the endometrial tissue of patients with 
uterine fibroids, in order to investigate the role of CXCL12 and 
CXCR4 in the pathogenesis of AD.

Patients and methods

Patients. Patients who underwent a complete or partial 
hysterectomy, or a surgical excision at Jinan Military 
General Hospital (Jinan, China) between February 2011 and 
February 2012 were enrolled for the present study if their 
medical records were complete. The inclusion criteria were as 
follows: Pre‑menopausal women with a diagnosis of AD or 
uterine fibroids confirmed through surgery and postoperative 
pathological analysis; and no involvement with antiestrogen 
and progesterone therapy in the month prior to surgery. The 
exclusion criteria included the following: Patients with other 
coexistent gynecological tumors, diabetes, hypertension or 
tumors of other systems; and steroid hormone therapy in the 
month prior to surgery. The study group consisted of AD 
patients who contributed ectopic foci and eutopic endometrium 
specimens, and the control group, which contained patients 
with uterine fibroids who contributed normal endometrium 
specimens.

A total of 69 patients were enrolled in the present study, all 
of whom lived in Shandong, China. In total, 36 were patients 
with AD (study group), with a mean age of 38.7±6.2 years 
old (range, 27‑51 years old). Among the patients with AD, 
21  cases were in the endometrial proliferative phase and 
15 cases were in the secretory phase. A total of 33 cases were 
patients with uterine fibroids (control group), with a mean 
age of 41.2±5.2 years old (range, 32‑50 years old), of which 
18 cases were in the proliferative phase and 15 cases were in 
the secretory phase. There was no significant difference in the 
ages between the two groups.

Specimens. Eutopic endometrial specimens were collected 
during the preoperative diagnostic curettage and ectopic 
foci tissues were collected from the resected uterine lesion 
of patients with AD. Healthy endometrial specimens were 
collected during the diagnostic curettage from the removed 
uterus following uterine fibroids surgery, or during the 
removal of submucosal fibroids. For the immunohistochem-
istry tests, the specimens were fixed immediately in neutral 
formaldehyde solution for 24 h. Samples for reverse transcrip-
tion‑quantitative polymerase chain reaction (RT‑qPCR) were 
stored in liquid nitrogen and transferred to a ‑80˚C freezer. 
Written informed consent was obtained from all participants 
and the present study was approved by the Medical Ethics 
Research Committee of Jinan Military General Hospital.

Immunohistochemistry. The streptavidin peroxidase‑conju-
gated method as previously described  (16) was used to 
measure the expression of CXCL12 and CXCR4 protein. The 
formalin‑fixed paraffin‑embedded tissues were cut into 5‑µm 
thick sections. The sections were deparaffinized in xylene 
twice for 10 min each, rehydrated with a descending series 
of ethanol (100, 75 and 50%) for 5 min each at 37˚C, and 
washed 3 times in phosphate‑buffered saline (PBS). Sections 
were incubated in 50 µl of 3% hydrogen peroxide at room 
temperature for 10 min and subsequently washed 3 times in 

PBS. The specimens were placed in EDTA antigen retrieval 
solution (Shanghai Biyuntian Biological Technology Co., Ltd., 
Shanghai, China) for 3 min at 37˚C and washed 3 times in 
PBS.

Each section was incubated at 4˚C overnight with 50 µl, 
CXCL12 monoclonal primary antibody working solution 
(cat. no. M05; dilution, 1:200; Amyjet Scientific, Inc., Wuhan, 
China), mouse anti‑human CXCR4 monoclonal primary 
antibody working solution (cat. no. ab10403; dilution, 1:200; 
Abcam, Cambridge, UK) and washed in PBS 3 times. Subse-
quently, sections were incubated at 37˚C for 1 h with 50 µl 
biotin‑labeled goat anti‑mouse secondary antibody working 
solution (cat. no. bs‑0296G; dilution, 1:200; Beijing Boosen 
Biological Technology Co., Ltd. Beijing, China) and washed 
in PBS. Each section was stained with 50 µl 3,3‑diamino-
benzidine for 10 min, followed by a PBS wash, clear water 
rinse, hematoxylin counterstaining for 1 min and a second 
PBS wash. Subsequently, the sections were dehydrated with 
ethanol, cleared in xylene, mounted with neutral gum and 
observed under a light microscope. Positively‑stained cells 
were defined as cells with brown granules in the cytoplasm. 
A total of 5 high‑power fields (magnification, x200) were 
randomly selected to count by eye the percentage of positively 
stained cells in the vision field and the mean was calculated.

RT‑qPCR analysis of CXCL12 and CXCR4 mRNA. A 0.2‑g 
tissue sample was cut from each specimen with sterile scissors 
and ground into a powder using a mortar pre‑cooled with liquid 
nitrogen. Tissue samples were subsequently homogenized with 
1 ml RNAiso plus and total RNA was reverse transcribed into 
cDNA [cDNA volume of the master mix used: 1 µl, volume of 
primer: 1 µl (10 µM/µl)] using the PrimeScript™ RT Reagent 
kit (both Takara Biotechnology Co., Ltd., Dalian, China). The 
homogenate was transferred to a centrifuge tube, placed at 
room temperature for 5 min and centrifuged at 4˚C, 12,000 x g 
for 5 min. The supernatant was transferred to a new centrifuge 
tube, incubated with 1/5 volume of chloroform at 4˚C for 5 min 
and centrifuged at 4˚C, 12,000 x g for 15 min. Subsequently, 
the supernatant was transferred to a new centrifuge tube, incu-
bated at room temperature for 10 min with an equal amount of 
isopropanol and centrifuged at 4˚C, 12,000 x g for 10 min. The 
supernatant was discarded, 1 ml 75% ethanol was added and 
the suspension was centrifuged at 4˚C, 12,000 x g for 10 min. 
Following the removal of ethanol, 0.5 ml RNase‑free water 
was added to dissolve the RNA. 1.25% agarose gel electro-
phoresis analysis using ethidium bromide was performed to 
confirm the presence of CXCL12 and CXCR4 mRNA in the 
three groups.

Subsequent qPCR was performed using PrimeScript RT 
reagent kit (Takara Biotechnology Co., Ltd., Dalian, China) 
and a LightCycler® 480 Real‑Time PCR system (Roche Diag-
nostics GmbH, Mannheim, Germany). qPCR thermocycling 
conditions consisted of a pre‑denaturation step at 95˚C for 
30 sec, followed by 40 PCR cycles of 95˚C for 5 sec and 60˚C 
for 30 sec. GAPDH (425 bp) was used as an internal reference 
with the following primers: Forward, 5‑ACC​ACA​GTC​CAT​
GCC​ATC​AC‑3 and reverse, 5‑TCC​ACC​ACC​CTG​TTG​CTG​
TA‑3. The primer sequences were determined based on human 
mRNA genome sequences provided by GenBank (National 
Center for Biotechnology Information; Bethesda, MD, USA). 
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The following primer sequences were used: CXCL12 forward, 
5‑GAG​CCA​ACG​TCA​AGC​ATC​TCA​A‑3 and reverse, 5‑TTT​
AGC​TTC​GGG​TCA​ATG​CAC​A‑3; CXCR4 forward, 5‑CTC​
CAG​TAG​CCA​CCG​CAT​CT‑3 and reverse, 5‑TCC​TCG​GTG​
TAG​TTA​TCT​GAA​GTG​T‑3. Primers were obtained from 
Takara Biotechnology Co., Ltd. The qPCR results are rela-
tive quantifications of gene expression and calculated using 
ΔCq=Cqtarget gene‑Cqreference gene (17). The ΔCq value was used 
in the statistical analysis, where an increased ΔCq value indi-
cated a decreased expression of the target gene. Experiments 
were repeated three times.

Statistical analysis. All data are presented as the mean ± stan-
dard deviation. Data were analyzed with SPSS software 
(version 16.0; SPSS, Inc., Chicago, IL, USA). Two‑way anal-
ysis of variance was used for comparisons between groups, 
and pairwise comparison was performed using Fisher's least 
significant difference post hoc test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

Expression of CXCL12 and CXCR4 protein. Representative 
images of immunohistochemical staining of CXCL12 and 
CXCR4 protein in ectopic foci, eutopic endometrial and 
healthy endometrial tissue samples are illustrated in Fig. 1. 
Expression of CXCL12 and CXCR4 protein was significantly 
increased in ectopic foci tissue (9.78±2.02 and 7.44±3.49) 
compared with eutopic endometrial tissue (4.33±2.12 and 
4.06±2.83) and control endometrial tissue (3.06±1.82 and 
2.58±2.14), respectively (P<0.05) (Fig.  2). Furthermore, 
CXCL12 (P=0.009) and CXCR4 (P=0.036) protein expression 
in eutopic endometrial tissue were significantly increased 
compared with the control group. Within each group, no 
significant differences in CXCL12 and CXCR4 protein 
expression were identified between proliferative and secretory 

phases. A positive correlation was identified between CXCL12 
and CXCR4 protein expression in eutopic endometrial and 
ectopic foci tissues (both r=0.78; P<0.05; Fig. 2).

Expression of CXCL12 and CXCR4 mRNA. Gel electrophoresis 
results from RT‑PCR analysis of CXCR4 and CXCL12 mRNA 
are illustrated in Fig. 3. The qPCR results, as indicated by ΔCq 
(lower ΔCq equaling higher gene expression), demonstrated 
that CXCL12 and CXCR4 mRNA expression was significantly 
increased, although the error bars are notably overlapping 
for CXCL12 and CXCR4 in ectopic foci tissue (1.26±0.76 
and 4.61±1.47) and eutopic endometrial tissue (1.85±1.30 
and 3.58±1.51) compared with healthy endometrial tissue 
(2.40±0.77 and 6.09±0.97), respectively (P<0.05) (Fig. 4). 
Although the error bars are notably overlapping for CXCR4, 
CXCL12 mRNA expression was marked and was decreased 
in eutopic endometrial tissue compared with ectopic foci 
tissue. However, CXCR4 mRNA expression was significantly 
increased in eutopic endometrial tissue compared with ectopic 
foci tissue. Within each group, no significant differences in 
CXCL12 and CXCR4 mRNA expression were identified 
between proliferative and secretory phases (P>0.05) (Fig. 4).

Discussion

In the present study, it was demonstrated that the total CXCL12 
and CXCR4 protein expression from proliferative and secre-
tory phases, in ectopic foci and eutopic endometrial tissue 
samples were significantly increased compared with that in 
healthy endometrial tissue. Furthermore, the total CXCR4 
mRNA expression in eutopic endometrial tissue was signifi-
cantly decreased compared with that in ectopic foci tissue. No 
significant differences were identified between the prolifera-
tion and secretory phases in all groups.

The results of the present study suggest that CXCL12 
and CXCR4 are involved in the pathogenesis of AD. The 

Figure 1. Representative images of immunohistochemical staining of CXCL12 and CXCR4 protein expression in different tissues. CXCL12 expression in 
(A) healthy endometrial tissue, (B) AD eutopic endometrial tissue and (C) AD ectopic foci tissue. CXCR4 expression in (D) healthy endometrial tissue, (E) AD 
eutopic endometrial tissue and (F) AD ectopic foci tissue. AD, adenomyosis; CXCL12, chemokine (C‑X‑C motif) ligand 12; CXCR4, chemokine (C‑X‑C motif) 
receptor 4.
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Figure 3. Gel electrophoresis of reverse transcription‑polymerase chain reaction amplification products. mRNA expression of (A) chemokine (C‑X‑C motif) 
ligand 12 and (B) chemokine (C‑X‑C motif) receptor 4. Lanes: M, marker; 1, eutopic endometrial tissue (secretory phase); 2, eutopic endometrial tissue 
(proliferative phase); 3, healthy endometrial tissue (secretory phase); 4, healthy endometrial tissue (proliferative phase); 5 and 6, tissue surrounding the lesions; 
7 and 8, ectopic foci tissue; 9 and 10, muscular layer in healthy control.

Figure 4. CXCL12 mRNA and CXCR4 mRNA expression in different tissues. Increased mRNA expression is indicated by a decreased ΔCq value. CXCL12, 
chemokine (C‑X‑C motif) ligand 12; CXCR4, chemokine (C‑X‑C motif) receptor 4.

Figure 2. CXCL12 and CXCR4 protein expression in different tissues. AD, adenomyosis; CXCL12, chemokine (C‑X‑C motif) ligand 12; CXCR4, chemokine 
(C‑X‑C motif) receptor 4.
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underlying mechanism may involve an abnormal loci of the 
CXCL12 and CXCR4 genes. This could induce increased 
expression of CXCL12 protein in patients with AD (18), and 
through the interaction with CXCR4 in eutopic endome-
trium (19), activate an unknown signaling pathway to induce 
endometrial cell proliferation, the deformation of endometrial 
cells and the degradation of the extracellular matrix, subse-
quently producing the conditions required for the development 
of ectopic endometrial cells. Furthermore, the interactions 
between the cells and the local microenvironment promote the 
synthesis and release of CXCL12 and CXCR4, amplifying the 
effect. In addition, due to the interaction between CXCL12 and 
CXCR4, ectopic endometrial cells migrate to the myometrial 
layer according to the gradient of their expression. Subse-
quently, ectopic cells produce endometriotic lesions through 
the induction of cell proliferation and angiogenesis.

To the best of our knowledge, the change of CXCR4 
expression in endometrial tissue and the expression of 
CXCL12 and CXCR4 in AD tissues have not yet been 
reported. A results of a study performed by Laird et al (20) 
demonstrated that CXCL12 expression in the healthy endo-
metrial tissue of women of childbearing age was independent 
of the menstrual cycle. These results suggest that CXCL12 
and CXCR4 expression are not affected by the fluctuation of 
estrogen and progesterone levels; however, further studies 
are warranted to confirm this. Huang et al (21) revealed that 
CXCL12, through interaction with CXCR4, can induce the 
phosphorylation of mitogen‑activated protein kinase, extra-
cellular signal‑regulated kinase, nuclear factor‑I and nuclear 
factor NF‑κB, leading to the metastasis of osteosarcoma cells. 
Furthermore, Gao et al (22) and Lu et al (23) reported that the 
CXCL12/CXCR4 axis serves an important role in the inva-
sion and metastasis of cancer cells through similar signaling 
pathways. The CXCL12/CXCR4 axis can directly stimulate 
the growth of cancer cells, induce the degradation of the 
extracellular matrix and produce the conditions required for 
cancer cell metastasis (24,25).

The results of a study on breast cancer performed by 
Wendel  et  al  (26) demonstrated that CXCL12 induces 
morphological changes and chemotaxis. Mo et al (27) reported 
that, by activating cyclin D1, phosphoinositide 3‑kinase and 
β‑cyclic peptides, CXCL12 and CXCR4 promote the growth 
of cancer cells in malignant peripheral nerve sheath tumors in 
patients with type I neurofibromatosis, and that inhibition of 
CXCR4 activity may control cancer cell growth. These studies 
suggested that CXCL12, by interacting with CXCR4, activates 
certain signaling pathways and causes cell deformation, and 
thus leads to the movement and migration of these cells. We 
hypothesize that in the eutopic endometrium of patients with 
AD, increased CXCL12 and CXCR4 expression may activate 
signaling transduction pathways, stimulate the proliferation 
and deformation of endometrial cells, prompt the degrada-
tion of the extracellular matrix, and promote the migration 
of ectopic cells to the myometrium. Thus, by inhibiting 
CXCR4 activity, these signaling transduction pathways may 
be blocked, preventing the migration of ectopic endometrial 
cells to the myometrium.

The results of the present study revealed that CXCL12 
mRNA expression was increased in eutopic endometrium 
compared with ectopic foci tissues, whereas CXCR4 mRNA 

expression markedly decreased compared with that in ectopic 
foci tissue in patients with AD. In the common organs affected 
by metastatic pancreatic cancer, such as the liver and lungs, 
increased expression of CXCL12 has been demonstrated, 
suggesting that the CXCL12/CXCR4 axis serves a role in the 
organ‑specific metastasis of cancer cells (28). The results of 
a previous study demonstrated that cancer cells metastasize 
along the concentration gradient of CXCL12 in salivary gland 
carcinoma (29). CXCR4 is essential in this process, and the 
application of CXCR4 antagonist ADM3100 could interrupt the 
metastasis of cancer cells. CXCL12/CXCR4 has been revealed 
to serve an essential role in tumor cell chemotaxis, prolifera-
tion, invasion, angiogenesis, and in particular, organ‑specific 
tumor metastasis  (29). The overexpression of CXCR4 in 
tumor cells and the increased expression of CXCL12 in the 
cells of target organs facilitate tumor metastasis through the 
CXCL12/CXCR4 axis (30,31). We hypothesize that in AD, the 
changes and differences in CXCL12 and CXCR4 expression 
between the eutopic endometrium and ectopic foci are associated 
with the migration, diffusion and focal growth of ectopic cells  
in the myometrium. Under the influence of the microenviron-
ment in the myometrium, ectopic endometrial cells synthesize 
and release CXCL12 and CXCR4. Increased CXCL12 expres-
sion subsequently induces the migration of endometrial cells 
to the myometrium, aided by the increased CXCR4 expression 
in the eutopic endometrium.

In conclusion, the results of the present study suggest that 
CXCL12 and CXCR4 are involved in the pathogenesis of AD. 
Understanding the specific mechanism of their action may 
provide useful information for the prevention of AD. The main 
limitations of the study are that it is based on tissue samples 
of patients from a single medical center, and the patient 
cohort was relatively small. Additional studies are necessary 
to understand the specific mechanism of the involvement of 
CXCL12 and CXCR4 in the pathogenesis of AD.
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