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CXCR4 expression as a predictive biomarker  
for esophageal cancer
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Abstract: Background: The CXC chemokine receptor type 4 (CXCR4) has been linked to tumor growth, dissemination 
and local immune in many malignancies. However, the clinicopathological and prognostic significance of CXCR4 
for survival of patients with esophageal cancer is still controversial. The aim of our study was to investigate the 
clinical significance of CXCR4 expression in esophageal cancer. Methods: Tumor samples were obtained from 105 
patients who were diagnosed with esophageal carcinoma and had undergone routine esophageal resection. The 
streptavidin-peroxidase (SP) staining method was used to detect the protein level of CXCR4. The esophageal cancer 
specimens were classified into two groups according to the sum of the staining intensity score. The overall survival 
rate was evaluated by the Kaplan-Meier method and log-rank test. The univariate and multivariate Cox proportional 
hazards model were used to measure the survival prediction. Results: High level of CXCR4 expression was found 
in 52.4% of 105 esophageal tumor samples. High CXCR4 expression was statistically significantly associated with 
lymph node metastasis (P = 0.037), distant metastasis (P = 0.027), and pTNM stage (P = 0.015). For univariate and 
multivariate analyses, compared with the low expression, high levels of CXCR4 was identified as the independent 
prognostic factor associated with overall survival (HR = 1.75, 95% CI = 1.08 to 3.37, P = 0.028). Furthermore, 
compared with the low CXCR4 expression, the high expression was statistically significantly associated with a poor 
5-year overall survival rate in our esophageal cancer cohort (P = 0.007 by log-rank test). Conclusions: High expres-
sion of CXCR4 in patients with esophageal cancer was associated with a worse 5-year overall survival rate as well 
as poor clinicopathological and prognostic features.
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Introduction

Esophageal cancer (EC) is the sixth most com-
mon cause of death from cancer worldwide  
and one of the most difficult gastrointestinal 
tumors to treat [1]. Surgery is the most com-
mon treatment for localized and resectable 
esophageal cancer, yet even after curative 
operation, prognosis still remains poor and 
patients often suffer from distant metastasis 
or local recurrence [2]. Even at an early stage  
of the cancer, systematic metastasis and vas-
cular invasion are present in many patients 
soon after surgery [3]. As a result, interest has 
centered on combination of preoperative che-
motherapy and/or radiotherapy and surgery, 
but the overall picture emerging from the litera-
ture is still unfavorable and the reported 5- 
year survival after surgery is only 25% to 40% 
[4]. Thus, novel strategies against esophageal 

cancer contribute to improve patient prognosis 
need to be developed and established.

Chemokines are a family of chemoattractant 
proteins that are classified into four groups 
(CXC, CC, C, and CX3C) depending on the ar- 
rangement of their cysteine resides. CXCL12, 
also known as stromal cell-derived factor-1 
(SDF-1), is a member of the CXC chemokine 
family that has chemotactic activity for hema- 
topoietic progenitor [5]. The CXC chemokine 
receptor type 4 (CXCR4) is a seven-transmem-
brane G-protein-coupled receptor and the only 
known physiological receptor for SDF-1. Thus 
far, chemokine signaling regulates a range of 
immune responses to bacterial infections, in- 
flammation, tissue repair, as well as the regula-
tion of target genes that are associated with 
cell invasion, motility, interactions with the ex- 
tracellular matrix (ECM) and survival [6]. Clinical 
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Table 1. Correlation between clinicopathological characteristics and CXCR4 levels in the esophageal 
cancer patients (n = 105)

Characteristics Number of 
patients

CXCR4 expression (%)
χ2 P value

Low High
Total 105 50 (47.6%) 55 (52.4%)
Sex 0.125 0.724
    Male 76 37 (74.0%) 39 (70.9%)
    Female 29 13 (26.0%) 16 (29.1%)
Age (years) 0.920 0.338
    < 60 45 19 (38.0%) 26 (47.3%)
    ≥ 60 60 31 (62.0%) 29 (52.7%)
Tumor type 1.091 0.296
    Squamous cell carcinoma 56 24 (48.0%) 32 (58.2%)
    Adenocarcinoma 49 26 (52.0%) 23 (41.8%)
Tumor location 2.008 0.367
    Upper esophagus 31 14 (28.0%) 17 (30.9%)
    Middle esophagus 29 17 (34.0%) 12 (21.8%)
    Lower esophagus 45 19 (38.0%) 26 (47.3%)
Tumor depth 0.033 0.984
    sm1 26 12 (24.0%) 14 (25.5%)
    sm2 46 22 (44.0%) 24 (43.6%)
    sm3 33 16 (32.0%) 17 (30.9%)
Histologic grade 0.936 0.626
    Well 27 15 (30.0%) 12 (21.8%)
    Moderate 35 16 (32.0%) 19 (34.5%)
    Poor 43 19 (38.0%) 24 (43.6%)
Lymph node metastasis 4.364 0.037
    Negative 56 32 (64.0%) 24 (43.6%)
    Positive 49 18 (36.0%) 31 (56.4%)
Distant metastasis 4.926 0.027
    Negative 49 29 (58.0%) 20 (36.4%)
    Positive 56 21 (42.0%) 35 (63.6%)
pTNM stage 5.944 0.015
    I + II 52 31 (62.0%) 21 (38.2%)
    III 53 19 (38.0%) 34 (61.8%)

studies have already revealed that expression 
of the chemokine receptor CXCR4 played key 
roles in migration and metastasis involved in 
tumor initiation, progression and poor progno-
sis in many malignancies [7-11].

To date, the clinicopathological and prognostic 
significance of CXCR4 for survival of patients 
with esophageal cancer is still controversial. 
Previous studies have demonstrated a role for 
CXCR4 in lymph node microinvolvement and 
bone marrow micrometastasis of esophageal 
cancer, and the further multivariable analysis 
showed that CXCR4 was identified as an inde-
pendent variable associating with reduced dis-

ease-specific survival [12]. The similar eviden- 
ce was presented by other studies, showing  
the association of persistent positive CXCR4 
expression with tumor aggressiveness and 
poor prognosis in esophageal squamous car- 
cinomas after chemoradiotherapy [13]. Gockel 
et al. demonstrated that, in 102 esophageal 
cancer tissues, the overall expression rate for 
CXCR4 in esophageal squamous cell carcinoma 
was 94.1% and CXCR4 overexpression was in- 
volved in a poorer long-term prognosis [14]. 
Goto et al. also reported high expression of 
CXCR4 in the cytoplasm and nuclei was asso- 
ciated with poor cause-specific survival of pa- 
tients with esophageal squamous cell carcino-
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Figure 1. Immunohistochemical staining of esophageal tumor tissue for 
CXCR4 (200×). A. Low expression. B. High expression.

ma, and the expression level of CXCR4 mRNA 
was implicated in poor recurrence-free survival 
[15]. On the other hand, some studies revealed 
the opposite data. Results from the studies of 
Sasaki et al. demonstrated that CXCR4 expres-
sion has no correlation with lymph node metas-
tasis in submucosal esophageal cancer [16]. A 
recent study investigated the serum concen- 
trations of CXCL12 and its specific receptor 
CXCR4 and other classical tumor markers in 49 
patients with EC and 30 healthy volunteers, 
which showed that compared to the healthy 
controls, the serum level of CXCL12 was signifi-
cantly higher and CXCR4 was significantly lower 
in EC patients, indicating the diagnostic sensi-
tivity, negative predictive value, and accuracy 
of CXCR4, which were the highest among all 
analyzed proteins and elevated in serum con-
centration with classical tumor markers [17].

The purpose of this study was to investigate the 
impact of CRCX4 expression on clinicopatho-
logical feature and survival outcome of esopha-
geal cancer.

Material and methods

Tissue samples

A total of 105 patients (55 men and 50 women) 
who were diagnosed with esophageal carcino-
ma and had undergone routine esophageal 
resection in the First Affiliated Hospital of Zh- 
engzhou Universityfrom 2009 to 2010, were 
included in this study. The age of the patients 
ranged from 41 to 82 years (mean 65.4 years). 
The histological diagnosis and differentiation 
were determined independently by two patholo-

used to detect the CXCR4 expression. The tu- 
mor specimens were fixed with 10% formalde-
hyde in phosphate-buffered saline (PBS), em- 
bedded in paraffin, and cut into 4-5 m sections. 
They were dewaxed in xylene and dehydrated 
with descending ethanol. For antigen retrieval, 
sections were heated in a microwave oven for 
10 min in 10 mmol/L sodium citrate (pH 6.0) 
and cooled to room temperature. After endog-
enous peroxide was blocked by 3% hydrogen 
peroxide (H2O2) for 15 min in methanol, the sec-
tions were rinsed with PBS, and further block- 
ed by 1% bovine serum albumin for 30 min to 
block nonspecific reactions at room tempera-
ture. The blocked slides were incubated with 
primary antibody CXCR4 (R&D Systems, Min- 
neapolis, MN, USA) at 4°C overnight, follow- 
ed by the incubation with the secondary anti-
body conjugated with biotin at room tempera-
ture for 30 min, and then exposed to streptavi-
din-peroxidase for another 30 min. After the 
sections were rinsed with PBS, the reaction 
products of peroxidase were visualized by incu-
bation with diaminobenzidine tetrahydrochlo-
ride. Finally, the samples were counterstained 
for nuclei with hematoxylin, and mounted. To 
examine the specificity of immunostaining, the 
primary antibodies were substituted with PBS 
for negative control.

Evaluation of immunostaining

The sections were assessed microscopically by 
two pathologists who were blinded to details 
regarding patient background. CXCR4 expres-
sion was classified into four grades based on 
the homogeneous staining intensity: absent = 

gists. The clinicopathological 
features of the patients are 
shown in Table 1. None of the 
patients had received preop-
erative radiotherapy or che-
motherapy before the surgi- 
cal resection. The project pro-
tocol has been approved by  
the local ethics committee. All 
patients provided written in- 
formed consent for the use  
of the tumor tissues for clini-
cal research.

Immunohistochemical analy-
sis

The streptavidin-peroxidase 
(SP) staining method was 
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score 0, weak = score 1, moderate = score 2, 
and strong = score 3. The extent of staining 
was scored as 0 (0%), 1 (1%-25%), 2 (26%-
50%), 3 (51%-75%), and 4 (76%-100%) based 
on the percentage of the positive staining 
areas in relation with the whole tumor area. 
The sum of the intensity score and the extent 
score was used as the final score (0-7) of 
CXCR4 expression. The samples that have a 
final score of 6 or higher were regarded as the 
high expression. If immunohistochemical eval-
uations of the observers differed, slides were 
reevaluated and reclassified according to the 
assessment given most frequently.

Statistical analysis

All statistical analyses were performed using 
the SPSS software (version 17.0; SPSS Inc., 
Chicago, IL, USA). We used the χ2 test to com-
pare the categorical data. Survival was com-
puted using the Kaplan-Meier method, and the 
log-rank test was used to assess statistical sig-
nificance. Cox proportional hazards analysis 
was performed to measure the relative contri-
bution of various factors to the risk of recur-
rence. P < 0.05 was considered to indicate sta-
tistical significance.

Results

CXCR4 expression in esophageal cancer

CXCR4 expression of 105 esophageal cancer 
specimens was measured by immunohisto-
chemistry (IHC). Figure 1 showed the represen-
tative staining patterns for CXCR4 in esopha-
geal cancer specimens. Expression of CXCR4 

was observed predominantly in cytoplasm of 
esophageal cancer, and in a few specimens 
with a weak membranous location. The speci-
mens that have a final staining score of 6 or 
higher was regarded as the high expression, 
and the score of less than 6 was classified as 
the low expression.

Histopathologic characteristics and CXCR4 
expression

To determine the relationship between CXCR4 
and clinicopathologic characteristics, we fur-
ther investigated the association between the 
levels of CXCR4 in esophageal tumor tissues 
and a battery of clinicopathologic factors (Table 
1). In patients with esophageal cancer, signifi-
cant differences between the two groups of 
CXCR4 expression were found in the lymph 
node metastasis (P = 0.037), distant metas- 
tasis (P = 0.027), and pTNM stage (P = 0.015), 
however, there was no significant correlation 
between the two groups of CXCR4 express- 
ion in other clinicopathological characteristics 
such as age, gender, tumor type, tumor loca-
tion, tumor depth, and histological grade (P > 
0.05 for all).

CXCR4 expression as an independent prognos-
tic factor

The covariates that were statistically signifi-
cantly associated with worse survival by uni-
variate Cox proportional hazards analyses were 
included in the model as potential risk factors: 
lymph node metastasis (negative VS positive), 
distant metastasis (negative VS positive), pTNM 
stage (I-III), and CXCR4 expression (Table 2). In 

Table 2. Univariate Cox regression analysis of parameters associated with prognosis of patients with 
esophageal cancer

Characteristics Subset Hazard 
ratio (HR)

95% confidence 
interval (CI)

P  
value

Sex Male/Female 1.27 0.81-1.96 0.473
Age (years) < 60/≥ 60 1.16 0.68-2.09 0.738
Tumor type Squamous cell carcinoma/Adenocarcinoma 1.72 0.65-2.59 0.322
Tumor location Upper + Middle/Lower 2.06 0.86-2.34 0.095
Tumor depth sm1 + sm2/sm3 1.92 0.73-2.29 0.168
Histologic grade Well + Moderate/Poor 1.47 0.62-2.86 0.408
Lymph node metastasis Negative/Positive 2.57 1.58-3.24 0.009
Distant metastasis Negative/Positive 3.29 1.56-4.61 0.006
pTNM stage I + II/III 2.12 1.27-3.40 0.021
CXCR4 expression High/Low 2.28 1.35-3.27 0.016
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addition, the multivariate Cox regression analy-
ses were used to determine whether various 
factors were associated with overall survival 
(Table 3). We found that lymph node metasta-
sis (HR = 2.06, 95% CI = 1.17 to 3.46, P = 
0.013), distant metastasis (HR = 2.23, 95% CI 
= 1.35 to 3.16, P = 0.008), pTNM stage (HR = 
1.84, 95% CI = 1.06 to 3.21, P = 0.025), and 
CXCR4 expression (HR = 1.75, 95% CI = 1.08 to 
3.37, P = 0.028) were independently associat-
ed with the long-term prognosis in patients with 
esophageal cancer.

5-year survival and CXCR4 expression

The relationship between CXCR4 expression 
and survival of patients with esophageal can-
cer was determined by the Kaplan-Meier meth-
od, and the statistical significance of each com-
parison was calculated with the log-rank test. 
The survival rates among patients with low 
CXCR4 expression compared with patients with 

Discussion

Esophageal cancer is an aggressive solid tu- 
mor with the enormous malignant potential  
for local invasion and early dissemination, so it 
has a high rate of tumor recurrence after surgi-
cal resection [18]. Because clinical outcomes 
cannot be successfully predicted by most of 
the current clinical parameters, prognosis of 
patients with esophageal cancer remains unfa-
vorable and identifying biologic predictors is 
warranted. Chemokines and their respective 
receptors were initially discovered to mediate 
multiple pro-and anti-inflammatory responses 
[19]. Certain chemokines have been implica- 
ted in the tumor growth, dissemination and 
local immune escape. Data from in vitro and  
in vivo studies indicated the crucial role of 
CXCR4 in tumor spread of prostate, breast, 
lung and esophageal cancer [20-23]. In the 
present study, to understand the prognostic 
significance of CXCR4 upregulation in esopha-
geal cancer, we analyzed the impact of CXCR4 
expression in esophageal tumor tissues on ba- 
ttery of clinicopathologic factors and patient 
survival. The results indicated that CXCR4 was 
an independent prognostic factor for survival  
in patients with esophageal cancer.

In diverse tumor entities, the CXCR4 express- 
ion has been associated with tumor dissemi- 
nation and poor prognosis. Schimanski et al. 
showed that in patients with human hepato- 
cellular carcinoma (HCC), CXCR4 expression 
significantly contributed to the progressed lo- 
cal tumors, lymphatic metastasis, distant dis-
semination and reduced 3-year overall survival 
rate [24]. In pancreatic cancer, strong CXCR4 
expression was distinctly linked to advanced 
UICC stages, hematogenous metastasis and 
progressed local tumor stages [25]. The pres-
ent study presented that CXCR4 is frequent- 
ly observed in esophageal cancer and high CX- 
CR4 expression is significantly associated with 
poor patient prognosis. The pathological vari-

Table 3. Multivariate Cox regression analysis of factors associated with 
prognosis of patients with esophageal cancer

Characteristics Subset Hazard 
ratio (HR)

95% confidence 
interval (CI)

P 
value

Lymph node metastasis Positive/Negative 2.06 1.17-3.46 0.013
Distant metastasis Positive/Negative 2.23 1.35-3.16 0.008
pTNM stage I + II/III 1.84 1.06-3.21 0.025
CXCR4 expression High/Low 1.75 1.08-3.37 0.028

high CXCR3 expression 
are shown in Figure 2. 
The high CXCR4 expres-
sion was statistically sig-
nificantly associated with 
poorer survival rate than 
the low CXCR4 expres-
sion (P = 0.007 by log-
rank test).

Figure 2. Kaplan-Meier survival analyses. The Ka-
plan-Meier survival and log-rank test were performed 
to determine whether CXCR4 expression level was 
associated with overall survival rate. Patients were 
grouped according to low (low CXCR4 expression) 
or high (high CXCR4 expression) immunostaining in 
esophageal cancer tissue.
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ables significantly associated with CXCR4 ex- 
pression were lymph node metastasis (P = 
0.037), distant metastasis (P = 0.027), and 
pTNM stage (P = 0.015), consistent with previ-
ous studies in esophageal cancer showing that 
CXCR4 expression was statistically significantly 
associated with increased lymph node micro-
metastasis (P < 0.001) and bone marrow micro-
metastasis (P < 0.001) [12]. Other studies 
showed that although CXCR4 expression was 
not related to nodal metastasis, all patients 
with lymph node micrometastasis had posi- 
tive CXCR4 expression in esophageal cancer 
tissue [16].

CXCR4 and its ligand have been proposed to 
distinctly contributed to the migration and traf-
ficking of malignant B cells in several haemato-
logical cancers like chronic lymphocytic leukae-
mia, follicular lymphoma and diffuse large B 
cell lymphoma (DLBCL) [26-28]. A recent stud-
ies showed that CXCR4 expression was invo- 
lved in cell migration in vitro and dissemina- 
tion in vivo [28]. The CXCR4 expression was 
also contributed to increased engraftment and 
dissemination as well as the reduced survi- 
val time in mice model. For the clinical signifi-
cance, CXCR4 expression was identified to be 
an independent prognostic marker for shorter 
overall survival in DLBCL patients [28]. Here, 
for univariate and multivariate Cox proportio- 
nal hazards analyses, we found that CXCR4,  
as well as lymph node metastasis, distant me- 
tastasis and TNM stage, were identified to be 
independent prognostic factors for survival in 
patients with esophageal cancer.

In summary, we have demonstrated that high 
CXCR4 expression correlates with lymph node 
metastasis, distant metastasis and pTNM 
stage, and it provides an independent prognos-
tic factor for esophageal cancer survival. Our 
studies strongly suggest that CXCR4 plays a 
crucial role in development of esophageal can-
cer and could provide a novel molecular target 
for the treatment of esophageal cancer. 
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