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Abstract: PA2G4 plays a dual role in tumors. However, the corre-
lation of its expression with clinical feature and prognosis has never
been reported in nasopharyngeal carcinoma (NPC). Using im-
munohistochemical staining, we examined PA2G4 protein level in
clinicopathologically characterized 201 NPC cases (138 male and 63
female) with age ranging from 21 to 83 years and 45 nasopharyngeal
(NP) tissues. Statistical methods were used to assess the difference in
PA2G4 expression and its relationship with clinical parameters and
prognosis in NPC. Immunohistochemical analysis showed that the
protein expression of PA2G4 examined in NPC tissues was higher
than that in the nasopharyngeal tissues (P=0.005). In addition, high
levels of PA2G4 protein were positively correlated with tumor size
(T classification) (P<0.001), the status of lymph node metastasis
(N classification) (P<0.001), distant metastasis (P=0.029), and clin-
ical stage (P<0.001) of NPC patients. Patients with higher PA2G4
expression had a significantly shorter overall survival time than did
patients with low PA2G4 expression. Stratified analysis indicated that
high expression of PA2G4 showed the inversed survival time in clinical
stages III-IV, but not stages I-II. Finally, multivariate analysis sug-
gested that the level of PA2G4 expression was an independent prog-
nostic indicator (P<0.001) for the survival of patients with NPC.
Elevated protein expression of PA2G4 was significantly shown, which
plays an unfavorable outcome for NPC patient survival.
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Nasopharyngeal carcinoma (NPC) is one of the most
common malignant diseases in the south Chinese and

other south-east Asians. Unfortunately, most NPC patients
tend to present a more advanced stage of disease when first
diagnosed due to its deep location and vague symptoms.
Therefore, it is of great interest to search valuable factors for
early diagnosis, prognosis prediction, and novel therapeutic
strategies.

NPC is one of the most common tumors in southern
China. EBV infection, environmental carcinogens, and genetic
susceptibility are reported to be closely related to NPC
pathogenesis, which induces abnormal expression of a few of
genes and signals, such as FOXO1,1 EBV-BART-22,2 CDKs,3

NKG2D,4 PDCD4,5 VPS33B6 and thus promotes the occur-
rence and development of NPC.

PA2G4/EBP1 encodes proliferation-associated pro-
tein 2G4/ErbB3-binding protein 1. In previous studies, it
plays a complex role in tumor, either oncogene or tumor
suppressor gene in tumors.7–15 However, PA2G4 ex-
pression with clinical feature and prognosis has never been
reported in NPC.

To elucidate the action of PA2G4 in the patho-
genesis of NPC, in the current study we investigate the
correlation of PA2G4 protein expression with clin-
icopathologic features, including the survival of patients.
The data showed that the protein expression level of
PA2G4 was higher in NPC tissues than those in non-
cancerous nasopharyngeal (NP) tissues. Furthermore, the
relatively higher protein expression of PA2G4 was asso-
ciated with NPC progression and poor prognosis. Our
results demonstrated that elevated PA2G4 protein level as
an independent prognostic factor plays an unfavorable
prognostic factor for NPC patient’s survival.

MATERIALS AND METHODS

Microarray Data Analysis
In previous study, Fang et al16 had reported to use

microarray to examine the differential expression genes in
NPC tissues or NPC cells compared with NP tissues. In
this investigation, we reanalyzed the differential genes of
NPC compared with NP based on the data provided by
Fang et al.16

Sample Collection
Two hundred one NPC specimens and 45 noncancerous

nasopharynx paraffin-embedded specimens were obtained
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from Nanfang Hospital, Guangzhou, China. In these cases,
there were 138 male and 63 female with age ranging from 21 to
83 years. For the use of these clinical materials for investigation

purposes, prior consents from the patients and approval from
the Ethics Committees of Nanfang Hospital were obtained. All
specimens had proved pathologic diagnosis and were staged
according to NPC staging system of the WHO in 2009.

Immunohistochemistry
Immunohistochemical staining was performed according

to the previous descriptions.17,18 NPC and NP specimen par-
affin sections were deparaffinized in 100% xylene and rehy-
drated in descending ethanol series according to standard
protocols. Heat-induced antigen retrieval was performed in
10mM citrate buffer for 2 minutes at 100°C. Endogenous
peroxidase activity and nonspecific antigen were blocked with
peroxidase blocking reagent containing 3% hydrogen peroxide
and serum, followed by incubation with mouse PA2G4 anti-
body (1:100) (Proteintech, Wuhan, China) for 1 hour at 37°C.
After washing, the sections were incubated with biotin-labeled
rabbit anti-goat antibody for 10 minutes at room temperature,
and subsequently were incubated using streptavidin-conjugated
horseradish peroxidase (HRP) (Maixin Inc, China). Sections

FIGURE 1. PA2G4 messenger RNA is upregulated in naso-
pharyngeal carcinoma (NPC) tissues or NPC cells compared
with nasopharyngeal tissues based on the microarray data
analysis.

FIGURE 2. PA2G4 expression in NPC and NP tissues. Specific PA2G4 protein expression was observed in the cytoplasm of the
malignant tumor cells and full thickness nasopharyngeal mucosa epithelium, including cilia. A, Low expression of PA2G4 in NP
tissues (×400). B, High expression of PA2G4 in NP tissues (×400). C and D, Low expression of PA2G4 in NPC tissues (×400). E and F,
High expression of PA2G4 in NPC tissues (×400). G, Low expression of PA2G4 in NP tissue and high expression in NPC tissues in the
same section (×100). NP indicates nasopharyngeal; NPC, nasopharyngeal carcinoma.
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were visualized with DAB and counterstained with hematox-
ylin, mounted in neutral gum, and analyzed using a bright field
microscope.

Evaluation of Staining
The immunohistochemically stained tissue sections

were reviewed and scored separately by 2 pathologists
blinded to the clinical parameters. The staining score was
previously described according to the sum of staining
intensity and the percentage of positive staining areas
(0 to 7).19 For statistical analysis, a final staining scores of
0 to 5 and 6 to 7 were, respectively, considered to be low
and high expression.

Statistical Analyses
All statistical analyses were carried out using SPSS

20.0 software. Data were shown as mean±SD. The χ2 test
was explored to analyze the association between the levels of
PA2G4 expression and clinicopathologic characteristics.
Survival curves were plotted by the Kaplan-Meier assay and
compared using the log-rank test. The significances of vari-
ous variables in survival were analyzed using multivariate
Cox proportional hazards model. A P-value of <0.05 was
considered to be statistically significant.

RESULTS
On the basis of the analysis of microarray data, we

observed that PA2G4 level was significantly increased in
pooled NPC cells and 8 NPC pooled tissues compared
with NP tissues (Fig. 1).

Then we measured the expression levels and sub-
cellular localization of PA2G4 protein in 201 paraffin-
embedded NPC specimens and 45 noncancerous NP samples
using immunohistochemical staining assay. Specific PA2G4
protein expression was observed in the cytoplasm of the
malignant tumor cells and full thickness NP mucosa epi-
thelium, including cilia (Figs. 2A–G). Furthermore, we
observed that in 50.2% (101/201) of NPC samples, PA2G4
protein level was elevated. In comparison, 26.7% (12/45) of
noncancerous NP samples had increased PA2G4 protein
level, significantly lower than that in the NPC samples
(P=0.005) (Table 1).

We next analyzed the relationships between clin-
icopathologic characteristics and PA2G4 expression levels
in individuals with NPC (Table 2). Although we did not
find a significant association of PA2G4 expression levels
with patient’s age, sex, and smoking, we observed that the

expression level of PA2G4 was positively correlated with
tumor size (T classification) (P< 0.001), the status of
lymph node metastasis (N classification) (N0-N1 vs.
N2-N3) (P< 0.001) and status of distant metastasis (M
classification) (P= 0.029) and clinical stage (I-II vs. III-IV)
(P< 0.001) in 201 NPC patients (Table 2).

To investigate the prognostic value of PA2G4 expression
for NPC, we further assessed the association between the levels
of PA2G4 expression and patients’ survival using Kaplan-
Meier analysis with the log-rank test. In 201 NPC cases with
prognosis information, we observed that the level of PA2G4
protein expression was significantly correlated with the overall
survival of NPC patients (Fig. 3A). Patients with high level of
PA2G4 expression had poorer survival than those with lower
level of PA2G4 expression (P=0.001). We also observed that
higher tumor PA2G4 protein expression was associated with a
shorter survival time for patients in clinical stage III-IV
(Fig. 3C) (P=0.010), but not I-II (P=0.821) (Fig. 3B).

Univariate assay showed that PA2G4 expression, T,
N, M classification, and clinical stage were correlated
significantly with patient survival (P< 0.001, P< 0.001,
P< 0.001, P< 0.001, and P< 0.001, respectively). A mul-
tivariate analysis of PA2G4 protein expression levels ad-
justed for T, N, M classification, and clinical stage showed
that the level of PA2G4 expression was an independent
prognostic factor for NPC (P< 0.001; Table 3).

DISCUSSION
The PA2G4 gene belongs to a member of the de-

scribed PA2G4 family.20 The mouse p38-2G4 gene is the
prototype of this family, which was isolated by generating
monoclonal antibodies against DNA binding proteins.
The sequence of the human PA2G4 cDNA encodes a 394
amino acid protein and is ∼45 kDa molecular weight. It

TABLE 1. PA2G4 Was Highly Expressed in NPC Tissues
Compared With NP Tissues

Protein (n)

Expression Level NPC NP P

High expression 101 12
Low expression 100 33 0.005
Total 201 45

NP tissues indicates noncancerous nasopharyngeal tissues; NPC tissues, naso-
pharyngeal carcinoma tissues.

TABLE 2. Correlation Between the Clinicopathologic
Characteristics and Expression of PA2G4 Protein in NPC

PA2G4 (%)

Characteristics n High Expression Low Expression P

Sex
Male 138 72 66
Female 63 29 34 0.450

Age (y)
≥ 50 99 48 51
< 50 102 53 49 0.673

Smoking
Yes 32 17 15
No 169 84 85 0.847

T classification
T1-T2 155 60 85
T3-T4 56 41 15 < 0.001

N classification
N0-N1 107 41 66
N2-N3 94 60 34 < 0.001

Distant metastasis
Yes 15 12 3
No 186 89 97 0.029

TNM clinical stage
I-II 75 19 56
III-IV 126 82 44 < 0.001
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has a longer N-terminal region than mouse p38-2G4
protein.21 In previous studies, PA2G4 might play a role in
an ERBB3-regulated signal transduction pathway. It was
shown to be interacted with ERBB322,23 and promoted or
suppressed the tumor pathogenesis. Furthermore, PA2G4
seems to be involved in growth regulation and acts a
corepressor of the androgen receptor24 and is modulated
by the ERBB3 ligand neuregulin-1/heregulin (HRG).22

However, the role of PA2G4 was still unclear in NPC.
PA2G4 has reported to be overexpressed in some

tumors including salivary adenoid cystic carcinoma, brain
tumor, pancreatic ductal adenocarcinoma, acute myelogenous
leukemic cells, cervical cancer, oral cancer.7–11 However, in-
versed data showed its downregulated expression in breast
cancer, bladder cancer, prostate cancer,12–15 which hinted a

dual role in tumors. In previous study, Xiao et al25 found that
PA2G4 was upregulated in NPC compared with NP and se-
rum samples based on proteomics assay. Here, we firstly ana-
lyzed the microarray data provided by Prof Fang and observed
that PA2G4 was obviously increased in NPC tissues or
NPC cells compared with NP tissues. Further, we used
immunohistochemistry staining to examine the expression
of PA2G4 in NPC and NP tissues. The data showed that
PA2G4 protein expression was significantly upregulated in
NPC. This data supported Xiao and colleagues’ data,
which suggested that elevated expression of PA2G4 pro-
moted the pathogenesis of NPC.

In previous documents, overexpression of PA2G4
was reported to correlate with the clinical progression
of PA2G4 in tumors.7,10 In this study, we observed that

FIGURE 3. Overexpression of PA2G4 promotes an unfavorable outcome for NPC patient survival. A, Overexpression of PA2G4
shortens the overall survival time of NPC patients. B, Overexpression of PA2G4 is not associated with the overall survival time of
NPC patients in clinical stage I+II. C, Overexpression of PA2G4 leads to a poor prognosis for NPC patients in clinical stage III+IV.
NPC indicates nasopharyngeal carcinoma.
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although overexpressed PA2G4 was not associated with sex,
age, and smoking, it positively correlated with T classification
(tumor size), N classification (lymph node metastasis),
M classification (distant metastasis), clinical stages of NPC
patients. These data were similar to Mei et al’s report,10 which
suggested that overexpressed PA2G4 significantly accelerated
the pathogenesis of NPC and played an unfavorable role for
NPC prognosis. However, the relationship between PA2G4
expression and the survival of NPC patients was still to be
determined.

In prior documents, expression of PA2G4 in tumor
cells has been indicated to be a favorable or unfavorable
prognostic factor depending on tumor types. Hu et al26

found that decreased expression of PA2G4/EBP1 is a fa-
vorable factor in hepatocellular carcinoma. Interestingly,
opposite results were reported in salivary adenoid cystic
carcinoma, Sun et al7 showed that the higher expression of
PA2G4 caused an unfavorable outcome.

In the present study, we provide the proof to demonstrate
that elevated PA2G4 protein expression was inversely corre-
lated with patient’s overall survival prognosis in NPC. The
patients with higher expression of PA2G4 protein had shorter
survival time. Stratified analysis further indicated that although
overexpressed PA2G4 was not related to survival prognosis in
clinical stage I and II, it indicated the worse survival prognosis
level in clinical stage III and IV. The data indicated that the
overexpression of PA2G4 could be used as a prognostic in-
dicator for mid-advanced NPC, but not mid-early NPC.

Finally, we analyzed the possibility of PA2G4 as in-
dependent prognostic factor. On the basis of multivariate
analyses, elevated expression of PA2G4 protein was a sig-
nificantly independent predictor of poor prognosis for NPC
patients. These data further revealed the significance of over-
expressed PA2G4 in NPC pathogenesis.

In summary, this study confirmed that the expression
level of PA2G4 was significantly upregulated in NPC and cor-
related with the malignant progression of NPC. Furthermore,

our data demonstrated that overexpression of PA2G4 was an
unfavorable prognostic factor for NPC. Finally, PA2G4 ex-
pression level is an independent prognosis factor predicting
NPC pathogenesis.
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