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Purpose: Nasopharyngeal carcinoma (NPC) is a malignant tumor endemic in southern 
China and Southeast Asia with a poor prognosis. Vascular cell adhesion protein 1 
(VCAM-1) is highly expressed in NPC; however, it is unclear whether VCAM-1 is corre-
lated with chemotherapy resistance and prognosis in NPC.
Patients and Methods: To further explore the role of VCAM-1 in chemotherapy resistance 
and prognosis in NPC, we examined the expression of VCAM-1, the sensitivity of che-
motherapy drugs, and clinical follow-up data from 73 patients with NPC. Then, the results of 
VCAM-1 expression were analyzed in response to chemotherapy drugs, progression-free 
survival (PFS), and overall survival (OS).
Results: The expression of VCAM-1 protein in NPC was significantly higher than that in 
chronic inflammatory tissue. No significant differences in the expression of VCAM-1 among 
gender, age, pathologic classification, tumor classification, lymph node status, metastasis 
status, and overall clinical stage were found. The periods of PFS and OS in patients with high 
VCAM-1 expression were significantly shorter than those in patients with low VCAM-1 
expression. The sensitivity rates of NPC to eight chemotherapy drugs were different; 
carboplatin and docetaxel showed the highest chemotherapy sensitivity and resistance 
rates, respectively. The resistance rates to paclitaxel were different between the patients 
with high VCAM-1 expression and those with low VCAM-1 expression.
Conclusion: Our data indicated that VCAM-1 was highly expressed in NPC. Patients with 
high VCAM-1 expression were more prone to shorter periods of PFS and OS. VCAM-1 
could be a prognostic marker of NPC patients. The detection of VCAM-1 expression in NPC 
may be valuable for chemotherapy drug evaluation and management of patients with NPC in 
the clinic.
Keywords: nasopharyngeal carcinoma, VCAM-1, prognosis, chemotherapy resistance

Introduction
Nasopharyngeal carcinoma (NPC) is a malignant tumor of the head and neck that 
originates in the mucosa of the nasopharyngeal region, which has a high rate of 
incidence in Southern China and Southeast Asia. It is clinically characterized by 
poor differentiation and a strong tendency for early metastasis, leading to a poor 
prognosis.1 Radiotherapy is the primary choice of treatment for patients with early 
NPC. Chemotherapy and even surgery are indispensable treatment strategies for 
highly differentiated cancers, advanced stage cancers, and recurrent cancers after 
radiotherapy in NPC. Although chemotherapy combined with radiotherapy has 
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significantly improved the survival rate and quality of life 
in patients with locally advanced NPC, the five-year sur-
vival rate of patients with stage 3–4 NPC is approximately 
70%.2,3 The major reasons for treatment failure are resis-
tance to radiotherapy and chemotherapy drugs, local recur-
rence, and distant metastasis. At present, miR-34c,4 miR- 
205-5p,5 TRIM11,6 CDKs,7 and melatonin8 are related to 
chemoresistance of NPC, which affects the prognosis of 
patients with NPC. Given that the specific mechanism of 
chemoresistance of NPC remains unclear, exploring novel 
molecular targets for chemotherapy drug resistance in 
NPC would benefit the effectiveness of clinical treatment 
and prognosis of patients.

Vascular cell adhesion protein 1 (VCAM-1, CD106), first 
identified in 1989, is a 90-kDa glycoprotein expressed on the 
endothelial cell surface.9 The production of pro- 
inflammatory cytokines, including TNFα, ROS, toll-like 
receptor agonists, or shear stress induces VCAM-1 
expression.10 Under certain chronic inflammatory stimuli, 
VCAM-1 is also expressed on the surface of other cells, 
including tissue macrophages, dendritic cells, bone marrow 
fibroblasts, myoblasts, oocytes, Kupffer cells, and cancer 
cells.11 As a cell adhesion protein, VCAM-1 plays an impor-
tant role in inflammation and immunological disorders.12 

VCAM-1 is highly expressed in breast cancer13,14 and gastric 
cancer,15 and is related to tumor angiogenesis and metastasis. 
Previous studies have shown that patients with increased 
expression of VCAM-1 in colorectal cancer,16 lung 
cancer,17 and ovarian cancer18 are more prone to distant 
metastasis and poor prognosis. VCAM-1 could thus be con-
sidered as a potential target for anti-vascular and anti- 
metastatic cancer therapy.19 VCAM-1 is associated with the 
chemoresistance of gastric cancer.20 High expression of 
VCAM-1 in breast cancer can confer chemoresistance to 
adriamycin or cisplatin.21 Inhibition of VCAM-1 in acute 
myeloid leukemia (AML) enhances the sensitivity to che-
motherapy drugs.22 Recent studies have revealed that 
VCAM-1 is highly expressed in NPC and is related to the 
angiogenesis of NPC.23,24 However, it is unclear whether the 
high expression of VCAM-1 is related to chemotherapy 
resistance and prognosis in NPC.

To further explore the role of VCAM-1 in chemother-
apy resistance and prognosis, we examined the expression 
of VCAM-1, the sensitivity of chemotherapy drugs, and 
clinical follow-up data in 73 patients with NPC. The 
results of VCAM-1 expression were then analyzed in 
response to chemotherapy drugs, progression-free survival 
(PFS), and overall survival (OS).

Patients and Methods
Clinical Data
During the nasopharyngeal biopsy operation, the tumor 
samples of every NPC patient in this study were divided 
into three parts, one for pathological diagnosis, one for 
tumor chemosensitivity testing, and one for paraffin tissue 
specimens. Seventy-three fresh cancer tissues and corre-
sponding paraffin tissue specimens from newly-diagnosed 
NPC patients were collected before treatment at the 
Affiliated Hospital of Southwest Medical University from 
March 2014 to August 2016, including 49 males and 24 
females, aged 21–77 years, with a median age of 48 years. 
All patients with NPC were confirmed by pathological 
examinations and staged according to the seventh edition 
of the American Joint Committee on Cancer (AJCC). 
Thirty patients (and their tissue specimens) diagnosed 
with chronic nasopharyngeal inflammation at the 
Affiliated Hospital of Southwest Medical University dur-
ing the same period were taken as the control group, 
including 15 males and 15 females, aged 17–75 years, 
with a median age of 47 years. The follow-up methods 
were mainly outpatient review or telephone return visits 
during the median observation of 30 months (range, 9–45 
months).

This study was approved by the Ethics Committee of 
the Affiliated Hospital of Southwest Medical University 
(NO.K2016050), which was conducted under the 
Declaration of Helsinki. And informed consent was 
obtained from all patients before treatment. If the patient 
was under 18 years of age, the informed consent was 
signed by a parent or legal guardian of the patient.

Immunohistochemistry and Statistical 
Analysis
Immunohistochemistry (IHC) was performed to analyze 
the expression of VCAM-1 protein in nasopharyngeal 
inflammation and NPC tissues by the Envision two-step 
IHC method. Briefly, 4 μm dewaxed sections were pro-
cessed with EDTA (pH=9.0) for high-pressure antigen 
retrieval, incubated in H2O2 (3%) for 10 min to eliminate 
endogenous peroxidase activity, washed three times with 
PBS buffer, blocked in 1% goat serum albumin for 1 h, 
incubated with VCAM-1 antibody (rabbit anti-human 
VCAM-1 antibody, 1: 100 dilution; #12367; Cell 
Signaling Technology, USA) overnight at 4°C, and then 
incubated with secondary antibody (Kit-9921; MXB 
Biotechnologies, Fuzhou, China) for 30 min at 25°C. 
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Next, sections were stained using the 3,3ʹ- 
diaminobenzidine staining fluid detection kit (DAB-0031; 
MXB Biotechnologies, Fuzhou, China). Then, the sections 
were counterstained with hematoxylin for 2 min, dehy-
drated, and mounted. All procedures were carried out in 
strict accordance with the reagent instructions. Stained 
sections were observed and evaluated under 
a microscope (BX60, Olympus, Japan). Three images of 
each section were obtained in different positions under 
a high-power field (400x) of the microscope. Then, the 
MOD value of VCAM-1 protein expression was analyzed 
using Image-Pro Plus 6.0 image analysis software.

In vitro ATP-TCA
Tumor chemosensitivity was assessed with primary cell 
cultures using the ATP-based tumor chemosensitivity 
assay (ATP-TCA) kit (Kit-2005-3070035; Jinzijing 
Biotechnologies, Beijing, China) according to the manu-
facturer’s instructions. In all cases, ATP-TCA data was 
obtained as previously published.25 Briefly, fresh cancer 
tissues (0.3–0.5 cm3) were obtained from biopsies and cut 
into pieces of 1 mm3. Tumor cells were isolated by trypsin 
dissociation to obtain a single-cell suspension. After cell 
counting, 2–4×104 cells were seeded into each well of 
a 96-well polypropylene microplate. Subsequently, cells 
were treated with a gradient of five dilutions (12.5, 25, 
50, 100, and 200%) of each chemotherapy drug in dupli-
cates. Two controls were included in each plate: a no-drug 
control consisting of media only and a maximum inhibitor 
control which kills all cells present. Cells were cultured for 
five days at 37°C, 5% CO2, and saturated humidity. Each 
well was treated with 50 μL ATP extraction reagent. Then, 
50 μL of the mixed solution from each well was added to 
the corresponding wells in a blank 96-well polypropylene 
microplate, followed by the addition of luciferin-luciferase 
assay reagents. The light output was measured using 
a microplate luminometer (Hamamatsu, Beijing, China) 
and analyzed with custom software to obtain both numer-
ical and graphical results, which included the tumor 
growth inhibition rate at each concentration, the IC50 
and IC90 values, and the inhibition curve of each che-
motherapy drug.

Eight chemotherapy drugs used in this study were fluor-
ouracil (Hengrui Medicine, China), cisplatin (Qilu Medicine, 
China), carboplatin (Qilu Medicine, China), oxaliplatin 
(Hengrui Medicine, China), paclitaxel (Beijing Union 
Pharmaceutical Factory, China), docetaxel (Hansoh 
Pharma, China), gemcitabine (Hansoh Pharma, China), and 

cyclophosphamide (Hengrui Medicine, China). The evalua-
tion criteria for chemotherapeutic drug sensitivity25 were as 
follows: high sensitivity (IC50 <25% PPC and IC90 <100% 
PPC), moderate sensitivity (IC50 <25% PPC and 
IC90>100% PPC), mild sensitivity (IC50 >25% PPC and 
IC90<100% PPC), and resistance (IC50>25% PPC and 
IC90>100% PPC). IC90 is the peak plasma concentration 
of the chemotherapy drug which inhibited tumor growth by 
90%. IC50 is the peak plasma concentration of the che-
motherapy drug which inhibited tumor growth by 50%. 
PPC is the peak plasma concentration of the chemotherapy 
drug corresponding to a certain clinical dose.

Statistical Analyses
All statistical analyses were performed using SPSS soft-
ware (IBM SPSS Statistics, version 19.0; Chicago, IL, 
USA). Differences in the measured data were compared 
using the t-test. Count data were compared using the chi- 
squared (χ2) test. Survival outcomes were analyzed using 
the Kaplan-Meier method and compared between the 
groups using the Log rank test. A two-tailed P value of 
<0.05 was considered statistically significant.

Results
Expression of VCAM-1 in NPC
To determine the role of VCAM-1 in the prognosis of 
NPC, 73 patients diagnosed with NPC were included in 
the study. Immunohistochemical analysis showed that 
VCAM-1 protein is mainly expressed in the cytoplasm, 
cell membrane, and partly in the nucleus in NPC tissues, 
which were stained brown and showed no expression in 
inflammatory tissues (Figure 1). The staining MOD values 
of VCAM-1 in NPC and chronic inflammatory tissues 
were 0.1946 ± 0.0415 and 0.0944 ± 0.0245, respectively. 
The expression of VCAM-1 protein in NPC was signifi-
cantly higher than that in chronic inflammatory tissue 
(P=0.003) (Figure 2). For further analysis, 73 patients 
with NPC were divided into two groups: low expression 
group (n=32) and high expression group (n=41) based on 
the median value (0.1888) of MOD.

Relationship Between VCAM-1 
Expression and Clinicopathological 
Factors in NPC
The demographic and clinical characteristics of the 73 
patients with NPC are shown in Table 1. No significant 
differences in the expression of VCAM-1 among gender, 
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age, pathologic classification, tumor classification, lymph 
node status, metastasis status, and overall clinical stage 
were found (all P>0.05) (Table 1).

Prognostic Value of VCAM-1 Expression
Stratification analyses indicated that the tumor progression 
rate of NPC patients in the VCAM-1 high expression group 
(46.34%) was not statistically different from that in the low 
expression group (31.25%) (P=0.191). However, there was 
a significant difference in the rates of mortality between these 

two groups of patients (34.15% vs 12.50%, respectively, 
P=0.033) (Figure 3A and B).

Moreover, log-rank analyses revealed that there was 
a significant difference in the periods of PFS and OS 
between these two groups of patients (P=0.044 and 
P=0.024, respectively). The periods of PFS and OS in 
patients with high VCAM-1 expression were significantly 
shorter than those in patients with low VCAM-1 expres-
sion (Figure 3C and D).

Association of ATP-TCA Results with 
VCAM-1 Expression
Because of the small sample size, the results of tumor 
chemosensitivity in this study were sorted into two types 
(resistance and sensitivity) for further analysis. The sensi-
tivity of NPC to eight chemotherapy drugs was different 
(P<0.001). The sensitivity rates of the chemotherapy drugs 
were as follows: fluorouracil, 82.19%; cisplatin, 89.04%; 
carboplatin, 93.15%; oxaliplatin, 91.78%; paclitaxel, 
79.45%; docetaxel, 61.64%; gemcitabine, 64.38%; and 
cyclophosphamide, 75.34%. Carboplatin showed the high-
est sensitivity rate, and docetaxel showed the highest 
resistance rate (Figure 4A and B).

Further analyses showed that the resistance rate of 
NPC with high expression of VCAM-1 to carboplatin 
was over three times that of those with low expression of 
VCAM-1 (9.76% vs 3.13%, P=0.266). However, the resis-
tance rate of NPC with low expression of VCAM-1 to 

Figure 1 The expression of VCAM-1 in chronic inflammatory and NPC tissues. VCAM-1 is mainly expressed in the cytoplasm, cell membrane, and partly in the nucleus in 
NPC tissues.

Figure 2 Levels of VCAM-1 expression in inflammatory controls and patients with 
NPC. The expression of VCAM-1 in NPC (0.1946 ± 0.0415) was significantly higher 
than that in chronic inflammatory tissue (0.0944 ± 0.0245).
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paclitaxel was over three times that of those with high 
expression of VCAM-1 (34.38% vs 9.76%, P=0.010). 
There were no obvious differences in the chemotherapeu-
tic drug resistance rates of the other six drugs between the 
two groups (Figure 4C).

Discussion
Cell adhesion molecules are proteins located on the cell 
surface, which are involved in the process of cellular 
adhesion and binding with other cells or the extracellular 
matrix.26 Most cell adhesion molecules belong to four 
protein families, the immunoglobulin superfamily, integ-
rin, calcine, and selectin.27 VCAM-1 is a member of the 
immunoglobulin superfamily, which plays an important 
role in diseases such as inflammation,28 rheumatoid 
arthritis,29 asthma,30 and transplant rejection.31 Numerous 
studies have confirmed that VCAM-1 is highly expressed 
in breast cancer,13,14 gastric cancer,15 colorectal cancer,16 

lung cancer,17 ovarian cancer,18 head and neck cancers,23 

and could lead to a poor prognosis. VCAM-1 is related to 
tumor angiogenesis, metastasis, and resistance to che-
motherapy drugs,20–22,24 and is considered a potential 

target for tumor anti-vascular and anti-metastatic 
therapies.19 However, there are few reports on VCAM-1 
expression in NPC and its association with chemotherapy 
resistance and prognosis.

In this study, the expression of VCAM-1 in NPC tissue 
was significantly higher than that in chronic inflammatory 
nasopharyngeal tissue, while the expression of VCAM-1 did 
not differ among gender, age, pathologic classification, tumor 
classification, lymph node status, metastasis status, and over-
all clinical stage, which is consistent with a previous report.23 

Survival analyses revealed that the periods of PFS and OS in 
patients with high VCAM-1 expression were significantly 
shorter than those in patients with low VCAM-1 expression. 
VCAM-1 could be a prognostic marker of NPC patients. This 
indicates that VCAM-1 is universally expressed in NPC and 
may play an important role in the initial development and 
treatment of NPC.

Radiotherapy combined with chemotherapy could 
increase the five-year survival rate of locally advanced 
NPC by 6% and the event-free survival rate by 10%.32 

On the other hand, concurrent radiotherapy and che-
motherapy have been proven to be the standard treatment 

Table 1 Clinical Characteristics and VCAM-1 Expression in Patients with NPC (n=73)

Characteristics No. (%) MOD Value P

Gender Male 49 (67.12%) 0.1945±0.0437 0.265
Female 24 (32.88%) 0.1948±0.0374

Age, years < 48 33 (45.21%) 0.1885±0.0395 0.533
≥ 48 40 (54.79%) 0.1996±0.0429

WHO pathologic typea Keratinizing carcinoma 3 (4.11%) 0.2040±0.0685 0.919

Differentiated non-keratinizing carcinoma 34 (46.57%) 0.1947±0.0425

Undifferentiated non-keratinizing carcinoma 36 (49.32%) 0.1936±0.0395

Tumor classificationb T1 11 (15.07%) 0.2018±0.0430 0.662

T2 26 (35.62%) 0.1865±0.0410
T3 27 (36.98%) 0.1990±0.0448

T4 9 (12.33%) 0.1958±0.0329

Lymph node statusb N0 16 (21.92%) 0.1886±0.0427 0.614

N1 14 (19.18%) 0.1935±0.0365

N2 37 (50.68%) 0.1942±0.0412
N3 6 (8.22%) 0.2153±0.0548

Metastasis statusb M0 69 (94.52%) 0.1941±0.0423 0.693
M1 4 (5.48%) 0.2026±0.0250

Overall clinical stageb I 3 (4.11%) 0.2091±0.0294 0.436
II 10 (13.70%) 0.2094±0.0441

III 45 (61.64%) 0.1887±0.0414

IV 15 (20.55%) 0.1995±0.0418

Notes: aPathologic type according to the 2005 World Health Organization (WHO) classification of tumors; baccording to the 7th edition of the AJCC staging system.
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modalities for locally advanced NPC, which significantly 
reduces the risk of local recurrence and distant metastasis.2 

Induction chemotherapy has received increasing attention 
in recent years because it can reduce tumor burden, 
improve radiotherapy sensitivity, eliminate or inhibit 
micrometastases, and reduce clinical symptoms caused 
by tumors in a short time.33 Common drug combinations 
administered in this study were TP (paclitaxel + cisplatin), 
FP (fluorouracil + cisplatin), TPF (paclitaxel + fluorouracil 
+ cisplatin), and GP (gemcitabine + cisplatin). The ATP- 
TCA results of 73 fresh NPC tissues showed that NPC 
cells are generally sensitive to fluorouracil, cisplatin, car-
boplatin, oxaliplatin, paclitaxel, docetaxel, gemcitabine, 
and cyclophosphamide, which are commonly used as clin-
ical chemotherapy drugs for NPC. However, the sensitivity 
rates of NPC to fluorouracil and platinum-based drugs 
were higher than those to paclitaxel, docetaxel, gemcita-
bine, and cyclophosphamide. This may also explain why 
fluorouracil and platinum-based chemotherapeutics are 

often selected as the main therapeutic drug combination. 
In this study, the single-drug resistance rate of NPC to 
gemcitabine was significantly higher than that to fluorour-
acil. However, it was confirmed that the GP regimen is 
superior to the FP regimen in terms of efficiency, PFS, and 
OS,34 which may be related to the mutual sensitization of 
chemotherapy drugs.

At the same time, VCAM-1 was found to be involved in 
chemotherapy resistance. Inhibition of VCAM-1 expression 
in acute myeloid leukemia (AML) enhances the sensitivity 
to chemotherapy drugs.22,35 VCAM-1, as a downstream tar-
get gene of Interleukin-8, participated in the resistance of 
gastric cancer cells to oxaliplatin.20 In breast cancer cells, 
overexpression of VCAM-1 could lead to chemoresistance 
to doxorubicin and cisplatin, which is related to TGFβ1, IL- 
6, and epithelial and mesenchymal transition (EMT).21 In 
our study, the resistance rate of NPC with low expression of 
VCAM-1 to paclitaxel was over three times that of those 
with high expression of VCAM-1 (P=0.010). Although the 

Figure 3 Stratification analyses of the survival of patients with NPC. All of the NPC patients were stratified according to VCAM-1 level, and their NPC relapse and mortality 
were calculated. Subsequently, the RFS and OS periods of individual groups of patients were estimated by the Kaplan-Meier method and analyzed by the Log rank test. (A) 
The percentages of progression. (B) The percentages of mortality. (C) The percentages of PFS in different groups of patients with NPC throughout the observation period. 
(D) The percentages of OS in the different groups of patients with NPC throughout the observation period.
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single-drug resistance rate of NPC to paclitaxel was 20.55%, 
paclitaxel could still be chosen as a chemotherapy drug for 
patients with high expression of VCAM-1 in clinical prac-
tice. The resistance rate of NPC with high expression of 
VCAM-1 to carboplatin was over three times that of those 
with low expression of VCAM-1 (P=0.266), which needs 
further confirmation through future studies with larger sam-
ple sizes. Carboplatin was the drug that showed the highest 
chemotherapy sensitivity rate (93.15%). However, carbopla-
tin might not be the preferred platinum chemotherapy drug 
for patients with high expression of VCAM-1. This result 
suggested that VCAM-1 might be the target of chemother-
apy drug selection for a more accurate evaluation of carbo-
platin and paclitaxel, which are first-line clinical 
chemotherapy drugs for NPC. VCAM-1 was found to be 
highly related to angiogenesis in NPC.24 Targeting the 

perivascular VCAM-1 as one of the multiple endothelial- 
derived integrin α4β1 ligands sensitized breast tumor cells to 
chemotherapy.36,37 VCAM-1 may affect chemotherapy 
resistance by enhancing angiogenesis in NPC. However, 
the specific mechanism requires further study.

Our study had some limitations as well. First, the popula-
tion enrolled in the study was considerably small. Second, we 
cannot perform a subgroup analysis of the relationship 
between tumor chemosensitivity and clinicopathological fac-
tors owing to the small sample size. Moreover, all NPC 
patients originated from one center and there was no validation 
cohort. Therefore, larger sample-sized, prospective, multi- 
center, randomized, and controlled clinical studies are required 
to further validate our findings. Also, NPC cells will be used to 
study the molecular mechanism of VCAM-1 affecting the 
sensitivity of chemotherapy drugs.

Figure 4 The analyses of resistance to eight chemotherapy drugs in patients with NPC. All of the NPC patients were stratified according to VCAM-1 level, and their 
resistances to eight chemotherapy drugs were analyzed. (A) The percentages of drug sensitivity. (B) The percentages of drug resistance. (C) The percentages of drug 
resistance in the different groups of patients with NPC.
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Conclusion
In summary, our data indicated that VCAM-1 was highly 
expressed in NPC. Patients with high VCAM-1 expression 
were more prone to shorter periods of PFS and OS. 
VCAM-1 could be a prognostic marker of NPC patients. 
The detection of VCAM-1 expression in NPC may be 
valuable for evaluating and selecting carboplatin and 
paclitaxel in the clinic. Therefore, our findings may pro-
vide a new reference for chemotherapy drug evaluation 
and management of patients with NPC.
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