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Abstract. Cervical intraepithelial neoplasia (CIN), also known 
as transformation and dysplasia of cervical intraepithelial 
cells, is the precancerous lesion of squamous cell carcinoma. 
CXC chemokine receptor 7 (CXCR7) has been indicated in 
tumor development and metastasis of multiple malignancies 
or precancerous lesion. However, the protein expression and 
function of CXCR7 in different stages of human CIN remains 
unclear. The present study examined CXCR7 protein expression 
in cervical tissue samples from 34 patients, including 7 patients 
with normal cervical tissues (negative control), 10 patients with 
stage I of CIN (CIN I), 8 patients with CIN II and 9 patients 
with CIN III. Receiver operating characteristic curves (ROC) 
were established to evaluate the prognostic value of CXCR7 in 
differentiating various stages of CIN. Immunohistochemical 
staining showed that protein expression of CXCR7 was higher 
in CIN tissues compared with the normal cervical epithelium 
(P<0.05). High‑grade CIN tissues expressed a higher level of 
CXCR7 compared to low‑grade samples. The ROC curve of 
integral optical density analysis showed that CXCR7 could 
discriminate CIN I‑III from normal cervical epithelium with 
88.9% sensitivity and 71.4% specificity, and CIN II‑III from the 
negative control and CIN I with 92.7% sensitivity and 50.0% 
specificity. ROC curve of area analysis also showed that CXCR7 
could discriminate CIN I‑III from normal cervical epithelium 
with 70.4% sensitivity and 100.0% specificity, and CIN II‑III 
from the negative control and CIN I with 50.0% sensitivity 
and 90.0% specificity. An increase in CXCR7 expression may 
represent a novel predictor of CIN. The wide expression of 
CXCR7 in CIN also supports the assumption that CXCR7 plays 
a role in precancerous lesion progression, as well as prolifera-
tion, migration and angiogenesis.

Introduction

Cervical intraepithelial neoplasia (CIN), also known as trans-
formation and dysplasia of cervical intraepithelial cells, is 
the precancerous lesion of squamous cell carcinoma. CIN is 
usually detected through the Papanicolaou (Pap) cytological 
screening or the high‑risk human papillomavirus (HPV) 
DNA testing (1). However, the Pap test or superior colpo-
scope multipoint sampling requires gynecological surgery. 
The current inspection method takes time and may fail to 
collect the most severe lesions. The diagnosis and staging 
of collected specimens mainly depends on the pathological 
features.

The mechanisms involved in cell transformation 
and dysplasia of CIN remain unclear. CXC chemokine 
receptor type 7 (CXCR7) has been suggested to play a role 
in tumor development. However, studies on the function 
of CXCR7 in precancerous lesions are limited. CXCR7 is 
a non‑G  protein‑coupled receptor. Heterodimerization of 
CXCR7 with other receptors, such as the epidermal growth 
factor receptor or CXCR4, triggers intracellular signaling 
events that are important for the regulation of cell prolif-
eration and apoptosis (2‑4). Expression of CXCR7 has been 
associated with a higher tumor grade and more aggressive 
tumor growth in different types of cancer, such as cervical 
cancer, prostate cancer, breast cancer, glioma and hepatocel-
lular carcinoma (5‑8). CIN is usually associated with chronic 
infection of the cervix mainly with the sexually transmitted 
HPV, particularly the high‑risk HPV 16 or HPV 18. The HPV 
encodes several proteins, including E6 and E7, which lead to 
the degradation of tumor‑suppressor protein p53. In addition, 
smoking, endogenous and exogenous immunodeficiency are 
also the risk factors for CIN. CXCR7 was previously reported 
to play an important role in regulating cell proliferation, 
apoptosis, tumor evasion, trafficking of lymph node metas-
tasis and metastasis in distinct organs through auto/paracrine 
mechanisms (9). Additionally, high levels of CXCR7 have been 
linked to poor disease‑free or disease‑specific survival rates 
in cervical cancer patients (5). Progression to invasive cancer 
occurs in ~1% of CIN I, 5% in CIN II and ≥12% in CIN III. 
Treatment options for higher grade CIN include conization 
of cervix, hysterectomy, cryocautery, electrocautery and loop 
electrosurgical excision procedure, which differ from the 
lower grade CIN.
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The aim of the present study was to determine CXCR7 
protein expression in various stages of CIN to understand 
the potential contribution of CXCR7 in the development and 
progression of CIN. Receiver operating characteristic (ROC) 
curves were established to evaluate the prognostic value of 
CXCR7 in differentiating different stages of CIN, which has 
not been reported previously.

Materials and methods

Patient tissues. A total of 34 patients were recruited in the 
study. Normal cervical tissues obtained from 7  patients 
with uterine fibroid (with normal cervix) by hysterectomy 
were used as negative controls. Ten patients with CIN I and 
8 diagnosed with CIN II who underwent loop electrosurgical 
excision procedure were included. A total of 9 patients with 
CIN III under conization of cervix were also enrolled. The 
study was approved by the Ethics Committee of West China 
Hospital of Sichuan University (Sichuan, China). The patient 
baseline characteristics were anonymously taken to document 
the process. The Ethics Committees approved this consent 
procedure.

The clinical stage was determined based on the evaluation 
of the surgical specimens, which was performed by two inde-
pendent, experienced pathologists. Assessments were made 
according to the International Federation of Gynecology and 
Obstetrics 2009 system.

Immunohistochemistry (IHC). CXCR7 expression in 
formalin‑fixed, paraffin‑embedded specimens was assessed by 
IHC. Tissue blocks were sectioned (5 µm) and deparaffinized 
with xylene. Antigen retrieval with citrate antigen retrieval 
solution (pH 6.0) was performed in a 95˚C water bath for 
40 min. Sections were subsequently rinsed in phosphate‑buff-
ered saline and incubated with 3% H2O2 for 15 min to block 
endogenous peroxidase activity.

Each section was incubated with the anti‑CXCR7 antibody 
(1:100; MAB4227) from R&D Systems (Minneapolis, MN, 
USA) for 45 min at 37˚C, followed by labeling with secondary 
antibody (GK500705; Envision™ Detection kit; Dako, 
Glostrup, Denmark). Images of neoplasia and normal tissues 
were taken at magnification, x400.

Data analysis. Image‑Pro Plus  6.0 software (Media 
Cybernetics, Rockville, MD, USA) was used for analyzing 
IHC. For quantitative analysis of the IHC results, area, diam-
eter, density and integral optical density (IOD) were chosen as 
the measurements. IOD represents the IOD in the whole layer. 
The area stands for the positive‑stained area in the cervical 
intraepithelial layer. Diameter is also for the positive‑stained 
layer. Density or mean density is equal to IOD SUM/area.

The ROC curves were established to evaluate the 
prognostic value of CXCR7 in differentiating the stages of 
CIN. All the statistical analyses were performed using the 
SPSS 20.0 software (IBM, Corp., Armonk, NY, USA). The 
statistical significance of CXCR7 correlation in association 
with the clinicopathological features was assessed using the 
independent‑sample t‑test, one‑way analysis of variance. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

CIN samples. The samples were divided into 3  groups 
according to the degree of atypical hyperplasia: CIN  I, 
atypical cells are confined to the inner 1/3 of the epithelial 
layer; CIN II, abnormal cells are extended to the 2/3 of the 
epithelial layer; and CIN III, atypical cells exceed the 2/3 of 
the epithelial layer, but do not reach the whole layer.

Normal cervical tissues from patients with uterine fibroids 
were chosen as the negative controls, which showed a limited 
immunohistochemical reaction (Fig. 1). A relatively low level 
of CXCR7 expression in CIN I, medium expression in CIN II 
and high expression in CIN III were observed (Figs. 2‑4). 
Immunohistochemical staining of CIN samples showed that 
cytoplasm was positively stained in the atypical or dysplastic 
proliferative cells, particularly in the abnormally arranged 
cells with abnormal nucleus (Figs. 2‑4). In the absence of the 
primary antibody, no immunoreactivity was detected, indi-
cating the specificity of the antibody used in the study.

Analysis of the CXCR7 expression. Area analysis demon-
strated a significantly increased expression of CXCR7 in 
CIN tissues (151.77±4.76) compared to normal cervical 
tissues (102.52±32.63) (P<0.01). A significant differ-
ence was also observed in IOD analysis between CIN 
tissues (23,313.60±5,052.56) and the negative control 
(16,266.36±5,695.51) (P<0.01).

As shown in Table I, the positive area was significantly 
increased in CIN I, CIN II and CIN III as compared to the 
negative control (P=0.013, 0.001 and 0.008, respectively). In 
IOD analysis, a significant difference was observed between 
the CIN II or CIN III group and the negative control group 
(P=0.02 and 0.01, respectively).

To further assess the ability of CXCR7 to distinguish CIN 
stages, ROC curve analysis was used, which was not reported 
previously. As shown in Fig. 5, stages I‑III of CIN could be 
differentiated from normal cervical epithelium by CXCR7 
staining with an area under the curve (AUC) of 0.825 (IOD) 
[95%  confidence interval (CI),  0.655  to  0.996] and 0.905 
(area) (95% CI, 0.789 to 1.000). For IOD, at the cut‑off value 
of 18,833.945, the sensitivity and the specificity were 88.9 
and  71.4%, respectively, in discriminating CIN  I‑III from 
normal tissue (Fig. 5). For area, Fig. 5 showed that, with an 
AUC of 0.905 (95% CI, 0.789 to 1.000), CIN I‑III could be 
differentiated from normal cervical epithelium at the cut‑off 
value of 137.515 with sensitivity (70.4%) and specificity 
(100.0%). Similarly, Fig. 6 showed that CXCR7 could differ-
entiate stages II‑III from stage I or negative control with an 
AUC of 0.663 (IOD) (95% CI, 0.478 to 0.847) or 0.666 (area) 
(95% CI, 0.476 to 0.856). At the cut‑off value of 19,731.52, the 
sensitivity and specificity were 92.7 and 50.0% in discriminating 
CIN II‑III from negative to CIN I (Fig. 6). However, CIN III 
could not be easily distinguished from normal tissue or CIN I‑II 
with an AUC of 0.698 (density) (95% CI, 0.488 to 0.907, Fig. 7). 
With the cut‑off value of 165.755, CIN III could be discrimi-
nated from normal tissue to CIN I‑II at the sensitivity of 50.0% 
and the specificity of 90.0% (AUC of 0.666) (Fig. 7). However, 
the cut‑off value is 19,731.52 (IOD) with sensitivity (88.9%) and 
specificity (40%) in discriminating stage III from stages I‑II 
and normal tissue, which was not satisfactory (Fig. 7).
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Figure 1. Normal cervical tissues from patients with uterine fibroids were 
chosen as the negative controls, which show little immunohistochemical 
reaction (magnification, x400).

Figure 2. Relatively low level of CXC chemokine receptor 7 protein expres-
sion in cervical intraepithelial neoplasia I (magnification, x400).

Figure 3. Medium expression level of CXC chemokine receptor 7 staining in 
cervical intraepithelial neoplasia II (magnification, x400).

Figure 5. Differentiation of normal tissue from stages I‑III of cervical intraepi-
thelial neoplasia by CXC chemokine receptor 7 (CXCR7) expression with 
receiver operating characteristic (ROC) analysis. IOD, integral optical density.

Figure 6. Receiver operating characteristic (ROC) analysis regarding dif-
ferentiation in normal to cervical intraepithelial neoplasia (CIN) I tissue from 
CIN II‑III tissue by CXC chemokine receptor 7 expression. IOD, integral 
optical density.

Figure 4. High expression of CXC chemokine receptor 7 staining in cervical 
intraepithelial neoplasia III (magnification, x400).

Figure 7. Differentiation of normal to cervical intraepithelial neoplasia 
(CIN) I‑II from CIN III by CXC chemokine receptor 7 expression with receiver 
operating characteristic (ROC) analysis. IOD, integral optical density.
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Discussion

In the present study, the CXCR7 protein was strongly posi-
tive in neoplasia. Previously, it was reported that CXCR7 
expression was higher in cervical cancer compared to CIN 
and normal cervical mucosa, particularly in those with an 
advanced stage of cancer and lymph node metastasis  (10). 
However, the difference in CXCR7 protein expression among 
different stages of CIN has not been previously investigated 
and the ROC curve analysis has not been performed. To the 
best of our knowledge, this is the first study to report that the 
CXCR7 protein expression level gradually increases from 
normal cervical intraepithelium to CIN.

It was previously shown with in situ hybridization and IHC 
that CXCR7 expression is induced in various types of cancer 
and increased with malignancy (7,8,11,12). The results in the 
present study that CXCR7 is overexpressed in CIN samples 
compared with normal tissues support the idea that CXCR7 
may serve as a prognostic marker (5,13). Alternatively, the 
upregulated expression of CXCR7 may favor precancerosis. 
CXCR7 is expressed in numerous malignant cells, including 
breast, lung, pancreatic and prostate cancer cells (6,13‑15). 
CXCR7 is expressed in 43% of cervical cancer specimens 
and is associated with tumor size and lymph node metas-
tasis together with disease‑free survival (5). The significant 
difference in CXCR7 protein expression level was observed 
between CIN I, CIN II, CIN III and the negative control in 
the present study. It is possible that CXCR7 promotes further 
cancerous activity. CXCR7 is induced under the classic tumor 
microenvironment (hypoxic and acidic conditions) in human 
microvascular endothelial cells (8). It is also upregulated in 
the tumor‑associated vasculature  (6,12,16). However, the 

upregulation was not observed in the vasculature of corre-
sponding healthy tissues (12), indicating that angiogenesis is 
influenced by CXCR7. Hepatocarcinoma cells treated with 
vascular endothelial growth factor results in a positive feed-
back for CXCR7 expression (17), further supporting the notion 
that CXCR7 impacts on vascular growth, therefore favoring 
precancerosis and subsequently cancerous lesions.

Current evidence suggests that CXCR7 may function 
in intraepithelial neoplasia dysplasia or cervical interstitial 
neoplasia. Further investigation is required to understand the 
accurate mechanism of CXCR7 in regulating precancerosis 
and to assess the possible value of the CXCR7 expression level 
detection in the blood samples of patients as a non‑invasive, 
prognostic and diagnostic marker.
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