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Purpose: Human polycomb protein 2(hPC2) is a vital component of polycomb repressive 
complex 1(PRC1). It plays a critical role in tumorigenesis and progression. However, 
whether HPC2 expression affects the prognosis of patients with nasopharyngeal carcinoma 
(NPC) is currently unclear. In the present study, we investigated the expression of hPC2and 
elucidated its clinical prognostic significance in NPC.
Patients and Methods: The expression of hPC2 in 180 NPCs samples was examined by 
immunohistochemistry (IHC) and evaluated by H-score staining intensity. Receiver operator 
characteristic (ROC) curve analysis was performed to determine cut-off values of hPC2 
expression. The chi-square test, Kaplan–Meier (Log rank test), and the Cox proportional 
hazards model were utilized to analyze the data.
Results: We found hPC2 is highly expressed in 48.3% of NPC specimens, which signifi-
cantly correlated with T stage (p=0.032), N stage (p=0.006), and clinical stage (p=0.003). 
Kaplan–Meier analysis indicated that NPCs with high hPC2 expression tended to have 
a lower cumulative rates of overall survival (OS, p<0.001), recurrence-free survival (RFS, 
p=0.001), and distant metastasis-free survival (DMFS, p=0.003). In the NPCs subgroup, T3– 
T4, N2–N3, and stages III–IV, high hPC2 expression also had a prognostic impact on worse 
outcome in terms of OS, RFS, and DMFS. More importantly, multivariate analyses demon-
strated that hPC2 expression was an independent prognostic factor for OS (hazard ratio [HR], 
95% (confidence interval [CI]), p=0.001), RFS (HR, 95% CI, p=0.018), and DMFS (HR, 
95% CI, p=0.022).
Conclusion: We present evidence that high expression of hPC2 correlated with poorer 
prognosis in NPC. hPC2 could serve as a novel prognostic biomarker and might be 
a promising therapeutic target for NPC.
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Introduction
Nasopharyngeal carcinoma (NPC) is a malignant tumor that originates from the 
superior mucosal epithelium of the nasopharyngeal cavity. The incidence of 
NPC is characterized by a distinct geographical distribution. In 2018, the 
International Agency for Research on Cancer (IRAC) estimated over 70% new 
cases occur in East and Southeast Asia.1 The estimated age-standardized inci-
dence rate of NPC is about 0.4 new cases per 100,000 individuals in North 
America, while the incidence rate is less than 3.0 per 100,000 person-years in 
China.2 As the most common cancer in the head and neck regions, the main risk 
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factors1 of NPC include environmental factors, history 
of Epstein-Barr (EBV) virus infection, smoking, drink-
ing, habitual consumption of preserved foods, and 
genetic susceptibility.3–5 Intensity-modulated radiother-
apy (IMRT) is still the main therapeutic approach for 
NPC, however, for patients with advanced stage disease, 
the 5 year survival rate is 50–60%.6 Aberrant gene 
expression has been associated with malignant progres-
sion and poor prognosis in patients with NPC.7–9

Human polycomb protein 2(hPC2) also known as 
Chromobox homolog 4 (CBX4), is a member of the poly-
comb repressive complex 1(PRC1). PcG-PRC1 complex, 
which acts by chromatin remodeling and histone modifica-
tion, plays a pivotal role in the lineage differentiation of 
the embryonic mesoderm layer.10 CBX4 is a protein- 
coding gene with chromatin binding and protein ligase 
activity, and is involved in related signaling pathways 
including cell senescence and small ubiquitin-related 
modifiers(SUMOs).11 Accumulating evidence has demon-
strated that dysregulation of hPC2 is involved in many 
malignancies. The expression of CBX4/hPC2 has also 
been correlated with the clinical prognosis of hepatocellu-
lar carcinoma, osteosarcoma, and breast cancer.12–14 

However, the expression pattern and prognostic signifi-
cance of CBX4/hPC2 remain unclear in NPC. Herein, we 
used Immunohistochemistry (IHC) to detect the expression 
of hPC2 and investigated its prognostic value in NPC.

Materials and Methods
Patients and Specimens
A total of 180 subjects were recruited from the Xinjiang 
Autonomous Region People’s Hospital from January 2000 
to December 2013. The archived paraffin biopsy tissue 
specimens corresponding to the patients’ follow-up visits 
were collected and sectioned. The histological type was 
established for head and neck tumors according to the 
World Health Organization (WHO) 2006 classification, 
and the TNM stage of NPC was defined using the AJCC 
Cancer Staging Manual, 7th Edition.15 NPC patients were 
enrolled based on the following criteria: absence of distant 
metastasis at the first presentation, initial diagnosis histo-
pathologically confirmed, and no history of anti-tumor 
treatments before diagnosis. The exclusion criteria were 
the presence of other malignant tumors, previous antitu-
mor treatment, death from non-tumor-related reasons, and 
incomplete follow-up data. We calculated the overall sur-
vival (OS) from the end of radiotherapy until death or the 

last follow-up. Recurrence-free survival (RFS) was 
defined as the interval from the date of radiotherapy com-
pletion to the date of first recurrence or the last follow-up. 
Distant metastasis-free survival (DMFS) was defined as 
the interval from the end of radiotherapy to the date of first 
distant organ metastasis or end of follow-up. All recur-
rences or distant metastases were confirmed by nasal 
endoscopy, magnetic resonance imaging (MRI), or com-
puted tomography (CT) imaging. The present study was 
approved by the Ethics Committee of Xinjiang 
Autonomous Region People’s Hospital. Informed, written 
consent was obtained from all participants and the entire 
study was performed according to the principles of the 
Declaration of Helsinki.

Immunohistochemistry
A total of 180 NPC tissue samples were collected. Briefly, 
the formalin-fixed paraffin-embedded (FFPE) tissue blocks 
were cut into 4-μm paraffin sections were then dried in the 
oven at 60°C for 60min. Immunohistochemistry (IHC) 
staining was performed according to the streptavidin- 
peroxidase method, sections were dewaxed in preheated 
xylene and rehydrated through incubation in an ethanol 
gradient (100%, 95%, 85%, 75%),then immersed in 3% 
hydrogen peroxide (H2O2) for 15 min. Antigen retrieval 
was performed by heating in a pressure cooker with citrate 
buffer (pH 6.0) for 5 min, followed by recovery at room 
temperature (25°C),Non-specific binding was blocked with 
5% non-immunologic goat serum (Zhongshan Golden 
bridge Biotechnology, Beijing China) for 30 min at room 
temperature and was followed by incubation with the 
rabbit polyclonal anti-hPC2 (Bethyl, Cat. No. IHC 
00668,1:100 dilution) overnight at 4°C in a humidified 
chamber. After washing with PBS, a secondary antibody 
(Gene Tech, Cat. No 500710) was incubated at room 
temperature for 30min. Slides were rinsed in PBS and 
peroxidase substrate DAB was added for color develop-
ment for 3min. The sections were counterstained with 
hematoxylin, dehydrated in a graded series of ethanol 
(75%, 85%, 95%, 100%),followed by xylene, and cover 
slipped. Known positive human breast cancer tissue slide 
was used as positive control, the primary antibody was 
replaced by IgG from normal goat serum as a negative 
control, and PBS was applied as the blank control.

Immunohistochemical Evaluation
The slides were evaluated independently by two patholo-
gists blinded to the clinicopathological and follow-up 
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information. A semiquantitative scoring criterion for IHC 
was used, in which both staining intensity and the percen-
tage of positive cells were scored. The color score was 
based on the staining intensity (colorless: 0; mild brown: 
1; moderate brown: 2; and strong brown: 3).Under a 100- 
fold upright optical microscope, five random visual fields 
were counted for each sample section, one score was given 
according to the percentage of positive staining cells in 
each field, with a range from 0–100 by 5 increments (0, 5, 
10 … 100). Another score was given based on the staining 
intensity category, and varied from 0 to 3 (0, 1, 2, 3). The 
H-score in each field was calculated by multiplying the 
above two scores (H-score=1×I1+2×I2+3×I3), and the 
final H-score was obtained as the average H-score value 
ranging from 0 to 300.16 We used the ROC curve to 
determine the cut-off value17 of hPC2expression in NPC. 
According to the ROC curve analysis, the cut-off value 
160 was used to divide the patients into two groups: 
samples with IHC score below or equal to the threshold 
were defined as low expression, while samples with IHC 
score above the threshold were defined as high-expression.

Statistical Analysis
Statistical analysis was performed using SPSS Software, 
version 16.0 (SPSS Inc., Chicago, IL, USA). A receiver- 
operating characteristic (ROC) curve analysis was used to 
determine the immunohistochemical cut-off value for high 
or low expression. Survival curves were plotted using the 
Kaplan–Meier method and compared using the Log rank 
test. The Cox proportional hazards model was used for 
univariate and multivariate survival analysis. Significant 
variables in the univariate analysis were selected for the 
multivariate analysis. In all analyses, a 2-tailed, 
p-value<0.05 was considered statistically significant.

Results
Expression of hPC2 In clinical NPC 
Samples and Cut-Off Value for hPC2 
Expression
hPC2 was expressed in 91.7% (165/180) of NPCs; positive 
staining was mainly located in the nucleus (Figure 1). The 
number of samples with high expression and low expres-
sion were 48.3% (87/180) and 51.7% (93/180), respec-
tively (Table 1). A ROC curve for the sensitivity and 
specificity of the clinicopathological parameters were 
plotted and 160 was chosen as the cut-off value for separ-
ating hPC2 expression levels, sensitivity and specificity 

was 91.3% and 87.5% respectively. The area under the 
curve (AUC) values for each variables were calculated 
(Figure 2).

Association Between Clinicopathological 
Characteristics and hPC2 Expression of 
NPC Patients
A total of 180 patients were enrolled, in this cohort with an 
median age of 50 years (range:0–88 years). Among the 
patients, 135 were males and 45 were females. Of these,75 
were daily smokers (75/180, 41.7%). EBV status was 
detected using in situ hybridization(ISH) for EBV- 
encoded small RNA (EBER) (79.4%, 143/180).The 
detailed clinicopathological data are shown in Table 1. 
hPC2 expression was significantly correlated with 
T stage (p=0.032), N stage (p=0.006), and clinical stage 
(p=0.003). There was no relationship between hPC2 
expression and age, sex, ethnic groups, or tumor differen-
tiation (WHO type)(p>0.05).

Univariate and Multivariate Analysis of 
Survival Outcome for NPC
Univariate analysis showed that T stage, N stage, and clinical 
stage, and hPC2 expression were significantly correlated to 
OS, RFS, and DMFS (Table 2, p<0.05). Multivariate Cox 
proportional hazards regression analysis was conducted by 
applying significant prognostic factors identified in univariate 
analysis. Importantly,hPC2 expression was an independent 
prognostic factor for OS (HR:3.175,95% CI: 1.648–6.116), 
RFS (HR:2.235,95% CI: 1.149–4.346),and DMFS 
(HR:1.990,95% CI: 1.104–3.588). Another independent prog-
nostic factor was clinical stage for OS (HR: 2.739, 95% CI: 
1.536–4.886),RFS (HR:3.490,95% CI: 1.830–6.656),and 
DMFS (HR:1.990,95% CI: 1.342–4.256) (Table 3).

Relationship Between hPC2 Expression 
and Clinical Outcomes
The patients were treated with either intensity-modulated 
radiotherapy (IMRT) or volumetric modulated arc therapy 
(VMAT) with a mean total dose of 70 Gray. Patients with 
advanced disease received cisplatin-based chemotherapy. 
Therapeutic responses were evaluated based on the WHO 
criteria. Local tumor recurrence and regional lymph node 
invasion was observed in 29.4% (53/180) of cases and in 
33.9% (61/180) of cases with distant metastasis, During 
the follow-up period,35.6% (64/180) of cases died of 
NPC. We compared OS, RFS, and DMFS between the 
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hPC2 low and high expression groups. OS, RFS, and 
DMFS of the high expression group was significantly 
decreased compared with the low expression group (OS, 
p<0.001; RFS,p=0.001; DMFS,p=0.003) (Figure 3A–C). 
The cumulative 5-year OS rates were 86.2% and 57.5% 
in subjects in the low and high expression groups, respec-
tively. The cumulative 5-year RFS rates were 83.8% and 
61.3% and the 5-year DMFS were 77.9% and 56.8% in the 
low and high expression groups, respectively. To further 
explore the effects of hPC2 expression on the above three 

clinical endpoints, subgroup analysis was performed stra-
tified by factors closely related to hPC2 expression, 
including T stage, N stage, and clinical stage. Kaplan– 
Meier subgroup survival analysis for OS, RFS, and 
DMFS are presented in Figure 4. Analyses of OS demon-
strated that hPC2 expression was a prognostic factor for 
T3–T4 (p=0.005, Figure 4A), N2–N3 (p=0.004, 
Figure 4B) and clinical stages III–IV (p=0.007, 
Figure 4C).Analyses of RFS showed an association with 
T3–T4 (p=0.003, Figure 4D), N2–N3 (p=0.021, 

Figure 1 Representative immunohistochemical images of hPC2protein in NPC. The score indicates intensity of staining. (A) Score=0, negative staining; (B) score=1, weak 
staining; (C) score=2, moderate staining; (D) score=3, strong staining, magnification, left panel 200x, right panel 400x.
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Figure 4E), and clinical stage III–IV (p=0.011, Figure 4F). 
DMFS analysis revealed an association with T3–T4 
(p=0.040, Figure 4G), N2–N3 (p=0.016, Figure 4H), and 
clinical stages III–IV (p=0.047, Figure 4I).

Discussion
Nasopharyngeal carcinoma (NPC) is a devastating dis-
ease with poorly differentiated and highly metastatic 
properties. Currently, no early or more accurate methods 
are available for the diagnosis of NPC, therefore, the 
majority of cases present with locally advanced stages at 
the time of initial diagnosis.18 Although NPCs are sen-
sitive to radiation therapy, due to tumor heterogenicity, 
patients with the same clinical stage may achieve dif-
ferent clinical outcomes. It is of great importance to 
identify effective biological markers to distinguish poor 
prognosis subjects in order to suggest adjuvant therapy. 

Some EBV related proteins and microRNA signatures 
have been utilized as potential diagnostic and prognostic 
biomarkers, such as serum EBV-DNA,19 EBNA-1, and 
microRNA signatures (miR-22,miR-572, miR-638, and 
miR-1234), or EBERs, EBV-LMP1 expression in tumor 
tissue.20

In humans, hPC2 is located on chromosome 17q25.3, 
a region that comprises 560 amino acids and has 
a molecular weight of 61kDa. Unlike other PCG pro-
teins,hPC2/CBX4 is an important E3 ubiquitin 
ligase,21,22 possessing diverse biological functions.23 It 
has been reported that HIF1 is a key tumor angiogenesis 
factor and is regulated by CBX4 in hepatocellular 
carcinoma.24 Furthermore, individuals with hepatocellu-
lar carcinoma and high CBX4 expression tend to be 
more sensitive to hepatic artery perfusion 
chemoembolization.25 hPC2 gene expression is mark-
edly upregulated in many types of human cancers, 
CBX4 promotes cell cycle progression, and mediates 
tumor growth and metastasis.26–29 This evidence sug-
gests that hPC2 plays an oncogenic role and serves as 
a potential therapeutic target. However, there have been 
conflicting results regarding tumor metastasis, CBX4 
inhibits metastasis by directly repressing the transcrip-
tion factor RUNX2 in colorectal cancer, in contrast, 
CBX4 promotes the invasion and metastasis of malig-
nancies including osteosarcoma, breast cancer, and pros-
tate carcinoma.30–33 Furthermore,Polycomb Repressive 
Complexes (PRC1 and PRC2) have emerged as thera-
peutic targets for malignant tumors. Inhibition of CBX4- 
YAP1 has recently been shown to reduce sorafenib 
resistance in HCC patients.34 Recently, it has been 
reported that PRC2-targeting agents exert synergistic 
effects on growth inhibition in NPC cells and the 
PRC2 subunits EZH2, EED, and H3K27Me3 are related 
to tumor invasiveness and metastasis.35

In the present study, the IHC results found that 
hPC2 expression was positive in 91.7% of NPCs, and 
hPC2 expression was correlated with clinical features 
such as T stage, N stage, and clinical stage. High hPC2 
expression was associated with shorter OS, RFS, and 
DMFS, and survival as shown in Kaplan–Meier curves. 
Moreover, multivariate analysis confirmed that hPC2 
expression and clinical stage were independent prog-
nostic factors for OS, RFS, and DMFS. Our results 
confirmed that increased levels of hPC2/CBX4 expres-
sion significantly correlated with unfavorable prog-
nosis. These findings are generally consistent with 

Table 1 Correlation Between the hPC2 Expression and 
Clinicopathological Features in NPC

Variable All 
Cases

Expression of 
hPC2 (n, %)

χ2 P value

Low High

Gender 3.270 0.071

Male 135 60(44.4) 75(55.6)

Female 45 27(60.0) 18(40.0)

Age 1.108 0.293

≤50 84 38(45.2) 46(54.8)
>50 96 36(37.5) 60(62.5)

Ethnic groups 0.644 0.422
Han 115 53(46.1) 62(53.9)

Uygurs 65 34(52.3) 31(47.7)

WHO typea 0.118 0.731

DNKCb 56 26(46.4) 30(53.6)

UDCc 124 61(49.2) 63(50.8)

T stage 4.592 0.032*

T1-T2 57 31(54.4) 26(45.6)
T3-T4 123 46(37.4) 77(62.6)

N stage 7.449 0.006*

N0-N1 65 38(58.5) 27(41.5)

N2-N3 115 43(37.4) 72(62.6)

Clinical staged 8.660 0.003*

I–II 36 23(63.9) 13(36.1)
III–IV 144 53(36.8) 91(63.2)

Notes: *P<0.05. dClinical stage, according to 7th edition AJCC/ UICC TNM stage 
system. 
Abbreviations: aWHO, world health organization; bDNKC, differentiated nonker-
atinizing carcinoma; cUDC, undifferentiated carcinoma.
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those reported in the literature. Thus, there is an urgent 
need to identify biomarkers useful for prognostic risk 
stratification as well as optimum treatment strategies 
for different patient subgroups. Herein, by stratifying 
the survival analysis we demonstrated that hPC2 
expression was correlated with survival of NPC based 
onT3–4, N2–3, and clinical stages III–IV. As shown in 
Figure 4A–I, after stratification by T stage, N stage, 

and TNM stage, hPC2 expression was markedly corre-
lated with prognosis, whereby higher hPC2 levels indi-
cated a worse prognosis in stages T3–T4,N2–N3, and 
TNM II–III, suggesting that hPC2 could distinguish 
patients with poor prognosis from those with disease 
at the same clinical stage. These results suggested that 
high expression of hPC2 could be utilized to distin-
guish a group of patients with worse prognosis. 

Figure 2 Receiver operator characteristic (ROC) curve analysis was used to determinate the cut-off values for hPC2 expression in NPC. Sensitivity and 1-specificity for 
each clinical parameter were plotted. (A) Age, (B) WHO type, (C) T stage, (D) N stage, (E) clinical stage, and (F) survival status.

Table 2 Univariate Analyses of Potential Prognostic Factors for OS, RFS and DMFS in 180 NPC Patients

Variables OS RFS DMFS

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Gender (Male vs Female) 1.199(0.663–2.171) 0.548 0.857(0.471–1.560) 0.614 1.271(0.668–2.348) 0.443
Age (≤50 vs >50) 1.175 (0.715–1.931) 0.524 1.120(0.616–2.038) 0.709 1.139(0.684–1.898) 0.616

WHO type (DNKCvsUDC) 1.014 (0.608–1.691) 0.958 0.732(0.391–1.369) 0.329 1.131(0.673–1.889) 0.642

T stage (T1+T2 vs T3+T4) 2.727(1.292–5.760) 0.006* 3.192(1.015–9.896) 0.009* 2.215(1.005–4.882) 0.049*
N stage (N0+N1vs N2+N3) 3.506 (2.125–5.784) 0.000* 6.876(1.671–28.291) 0.008* 2.734(1.238–6.039) 0.013*

Clinical stage (I+II vs III+IV) 4.160 (1.507–11.481) 0.000* 7.656(4.163–14.082) 0.000* 3.202(1.919–5.344) 0.000*

hPC2 expression (low vs high) 3.656 (1.909–7.000) 0.000* 2.741(1.440–5.218) 0.002* 2.359(1.317–4.226) 0.004*

Note: *P<0.05. 
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval.
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Further, a multidisciplinary approach should be consid-
ered in order to optimize the patient management for 
prolonging survival. An obvious concern was that 
PRC2 subunit proteins were overexpressed in over 
70% of NPC tumors, but these were not associated 
with survival in NPC patients.35 These results differ 
from our data, and may be attributed to differences in 
the study methodologies including: sample size, patient 
characteristics, scoring method for IHC evaluation, and 
definition of OS, RFS and DMFS.

The limitations in this study were as follows. First, 
this was a retrospective study, in which the proportion 
of stages III–IV patients included was higher than 
those in stages I–II, there may be a case selection 
bias. Second, although the H score method has been 
widely employed, different IHC scoring methods could 
lead to different results. Finally, prognosis was deter-
mined only based on the histological expression of 
hPC2. Serological detection of hPC2should be devel-
oped in the near future, and it is likely to be a useful 

predictive biomarker as tracking dynamic expression 
changes can act as an important indicator for monitor-
ing, diagnosis and prognosis of NPC.

Taken together, our work provides compelling clin-
ical evidence that hPC2 could serve as an independent 
prognostic marker for OS, RFS, and DMFS in NPC. 
High hPC2 expression in NPC was significantly 
related to advanced T stage, N stage, and clinical 
stage. Our findings suggest hPC2 as a novel prognostic 
biomarker and promising target for NPC. Future work 
evaluating hPC2 in NPC should shed light to better 
understand the underlying mechanisms promoting 
tumor progression.

Conclusion
We provide evidence that high hPC2 expression is asso-
ciated with more advanced NPC stage. hPC2 acts as 
a novel independent risk factor affecting the prognosis 
of NPC, and high expression of hPC2 could represent an 
unfavorable marker for NPC.

Table 3 Multivariate Analyses of Prognostic Factors on OS, RFS and DMFS in This Cohort

Variables OS RFS DMFS

HR (95% CI) P HR (95% CI) P HR (95% CI) P

T stage (T1+T2vs T3+T4) 1.285 (0.578–2.858) 0.538 1.801(0.413–7.848) 0.433 1.408(0.607–3.268) 0.425

N stage (N0+Nvs N2+N3) 1.382 (0.614–3.115) 0.435 1.307(0.703–2.430) 0.398 1.583(0.674–3.714) 0.292
Clinical stage (I+II vs III+IV) 2.739 (1.536–4.886) 0.001* 3.490(1.830–6.656) 0.000* 2.390(1.342–4.256) 0.003*

hPC2 expression (low vs high) 3.175 (1.648–6.116) 0.001* 2.235(1.149–4.346) 0.018* 1.990(1.104–3.588) 0.022*

Note: *P<0.05. 
Abbreviations: HR, hazard ratio; 95% CI, 95% confidence interval.

Figure 3 Relationship between hPC2 expression and clinical outcome in NPC. The Kaplan–Meier survival curves were compared by the Log rank test. hPC2 high 
expression is a strong prognostic indicator of poor (A) overall survival, (B) recurrence-free survival, and (C) distant metastasis-free survival.
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