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Background: Paired basic amino acid-cleaving enzyme 4 (PACE4) belongs to the family of 
proprotein convertase and is essential for tumor progression, whereas its role in cancer 
remains controversial and little is known about its role in nasopharyngeal carcinoma 
(NPC). The aim of this study was to examine if the expression of PACE4 is a prognostic 
biomarker for patients with NPC.
Methods: Immunofluorescence (IF) and immunohistochemistry (IHC) were used to analyze 
PACE4 expression in NPC cell line CNE1 and 172 clinicopathologically characterized NPC 
tissues. The data were analyzed by Chi-square test, Kaplan–Meier plots, and Cox propor-
tional hazards regression model.
Results: IF and IHC staining results showed that PACE4 was mainly located in the 
cytoplasm of NPC cell line (CNE1) and NPC tissues. Expression of PACE4 was observed 
in 46/172 (26.7%) of NPC tissues. Further analysis showed that expression of PACE4 was 
positively associated with late N stage, distant metastasis, and late clinical stage (P<0.05). 
High expression of PACE4 predicted shorter 5-year overall survival of patients with NPC, 
especially for the patients in advanced stage (32.7% vs 77.3%, P<0.001). Furthermore, 
multivariate analysis showed that PACE4 expression may serve as a potential prognostic 
factor for NPC.
Conclusion: Our results suggest that PACE4 may play a crucial role in tumor progression 
and may serve as a valuable prognostic biomarker for patients with NPC.
Keywords: paired basic amino acid-cleaving enzyme 4, immunohistochemistry, 
nasopharyngeal carcinoma, overall survival, prognostic biomarker

Introduction
Nasopharyngeal carcinoma (NPC) is a prevalent malignant tumor in South China, 
especially in the Guangdong area.1 Genetic susceptibility and environmental factors 
including Epstein-Barr virus infection have been suggested to be associated with 
the pathogenesis of NPC.1–3 NPC is characterized by a multi-sequential process, 
which appears to be dominated by multiple abnormal genetic changes, and this 
process is related to the progression of NPC.1 However, the precise genetic altera-
tions underlying NPC progression are largely unclear. Thus, the identification of 
novel genetic markers for the early detection of this malignant tumor is essential, 
which may provide more effective targeted therapies and ultimately improve the 
clinical outcome of patients with NPC.

Paired basic amino acid-cleaving enzyme 4 (PACE4), also known as proprotein 
convertase subtilisin/kexin type 6 (PCSK6), is a member of the proprotein con-
vertase family, which plays regulatory roles in the proteolytic activity of various 
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precursor proteins and in the regulation of protein 
maturation.4 In addition, PACE4 is involved in the regula-
tion of various cellular processes such as proliferation, 
differentiation, and apoptosis.5–8 Previous studies showed 
that PACE4 was clearly down-regulated in ovarian cancer 
cell lines, such as Hey and Hey-C cells, and a series of 
primary ovarian tumors.9,10 Nevertheless, accumulating 
studies have highlighted PACE4 for its potential role in 
certain human malignancies such as oral tongue 
carcinoma,11 hepatocellular carcinoma,12 glioma,13 skin 
cancer,6,14 prostate cancer,15 and lung cancer.16 These 
studies suggested that PACE4 is a positive regulator of 
cancer progression and is associated with the tumorigen-
esis of cancers. PACE4 overexpression can lead to the 
enhanced susceptibility to carcinogenesis and tumor pro-
gression, indicating a novel target for suppressing tumor 
cell invasion.6

To date, the dynamic expression of PACE4 in NPCs 
and its clinicopathologic/prognostic implication have not 
been studied. In the present study, immunofluorescence 
(IF) and immunohistochemistry (IHC) were utilized to 
analyze the distribution of PACE4 protein expression in 
the NPC cohort and nasopharyngeal mucosal tissues. 
Moreover, the relationships between PACE4 expression 
and clinicopathologic and prognostic implication on the 
NPC patients were assessed to determine whether the 
expression of PACE4 is a prognostic biomarker for 
patients with NPC.

Materials and Methods
Patients and Tissue Specimens
In this study, paraffin-embedded pathologic specimens 
from 172 patients with NPC and 12 normal nasopharyn-
geal epithelial tissues from healthy volunteers (fiberoptic 
nasopharyngeal biopsy) were obtained from the 
Department of Pathology, Cancer Centre of Guangzhou 
Medical College and The First Affiliated Hospital of 
Guangzhou Medical University between July 2005 and 
June 2008. The 12 healthy volunteers were recruited dur-
ing routine physical examination in our hospital. These 
NPC cases included 113 (65.7%) males and 59 (34.3%) 
females, with a median age of 45 years old (range from 18 
to 72 years old). The inclusion criteria for the patients 
were as follows: 1) All subjects were newly diagnosed 
without radiotherapy, chemotherapy, or synchronous can-
cer. 2) All subjects had no inflammatory diseases, diabetes, 
hypertension, or other complications. 3) Diagnosis of the 

NPC was confirmed by histological examination. The 
average follow-up time was 64.62 months (range from 
8.0 to 102 months). The clinicopathologic characteristics 
of these patients, including age, sex, histological type, 
T stage, N stage, distant metastasis, and clinical stage, 
are described in Table 1. After enrolment, the NPC 
patients received radiotherapy via the intensity-modulated 
radiation therapy technique, and concurrent chemotherapy. 
Ethical approval for the study was approved by the Ethics 
Committee of the Affiliated Cancer Hospital  & Institute 
of Guangzhou Medical University and all the patients 
signed written informed consent forms. The disease stages 
of all of the patients were classified or reclassified accord-
ing to the 1992 nasopharyngeal carcinoma staging system 
in China.17

Cell Line and Cell Culture
The nasopharyngeal carcinoma cell line (CNE1) was pro-
vided by the Affiliated Cancer Hospital  & Institute of 
Guangzhou Medical University. The CNE1 cells were 
cultured with RPMI1640 culture medium (Sigma- 
Aldrich, St. Louis, MO, USA) supplied with 10% fetal 
bovine serum (FBS; Thermo Fisher Scientific, Waltham, 
MA, USA) in an incubator supplied with 5% CO2 at 37°C. 
The use of the cell line was approved by the Ethics 
Committee of Cancer Centre of Guangzhou Medical 
University, and the cells were authenticated by STR 
profile.

Immunofluorescence
The CNE1 cells were harvested and washed three times 
with phosphate-buffered saline (PBS), suspended in PBS, 
and seeded on slides. The slides were fixed with 95% 
alcohol for 30 minutes and permeabilized. After 1 hour 
of blocking in PBS+0.1% Tween+1% bovine serum albu-
min, the cells were incubated with the PACE4 primary 
antibody (Rabbit mAb; Abcam, Cambridge, UK) at 37°C 
for 1 hour and then with a secondary antibody for 30 
minutes at 37°C. After counterstaining with 4ʹ,6-diami-
dino-2-phenylindole (DAPI; 1 μg/mL) for 10 minutes, 
the slides were observed by fluorescence microscopy and 
photographed.

Immunohistochemistry (IHC) of the 
Clinical Tissues
IHC was performed to investigate the expression of PACE4 
in 172 human NPC tissues and 12 normal nasopharyngeal 
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epithelial tissues. The sections were incubated with 
a PACE4 primary antibody (1:100 dilution; Abcam, 
Cambridge, UK) for 1 hour at room temperature. Mayer’s 
hematoxylin was used for nuclear counterstaining. The sec-
tions were mounted using a synthetic medium. The slides 
were reviewed by two or three pathologists blinded to the 
study. To evaluate the PACE4 expression levels, immune- 
stained slides were evaluated using a method described 
previously.16 The percentage of tumor cells with positive 
staining of PACE4 was determined at high magnification 
(×200). For PACE4, cytoplasmic immunostaining in tumor 
cells was considered to be positive. The staining intensity 
was judged as no staining, −; light brown, +; brown, ++; and 
strong brown, +++. The percentage of positive cells <10% 
was considered as negative and the detailed information is as 
follows: <10%, −; 11–25%, +; 26–50%, ++; >50%, +++. 
These two scores were added together to form a total score, 
score <2 was considered to be low expression, and score ≥2 
was considered to be high expression.

Statistical Analysis
All the data analyses were performed using SPSS 16.0 
(SPSS, Chicago, IL, USA). Chi-square test (two-sided) 
was used to analyze the significant difference for catego-
rical data. Kaplan–Meier’s method with log rank test or 
Cox regression method for univariate or multivariate over-
all survival (OS) analysis were performed to assess the 
correlation between expression of PACE4 and clinico-
pathological indices by P-values less than 0.05 were con-
sidered to indicate statistical significance.

Results
Expression of PACE4 in NPCs Cell Line 
and Tissues
IF staining showed that PACE4 is mainly located in the 
cytoplasm of CNE1 cells (Figure 1). PACE4 staining was 
not detected in the normal nasopharyngeal epithelial tis-
sues (Figure 2A), whereas IHC staining consistently 
showed that PACE4 is located in the cytoplasm of NPC 
tissues (Figure 2B and C). Furthermore, PACE4 protein 
expression was detected in 26.7% (46/172) of the NPC 
samples.

Clinicopathological Significance of PACE4 
Expression in Patients with NPCs
The positive rates of PACE4 expression in NPCs with respect 
to several standard clinicopathologic features are presented in 

Table 1. The positive rate of PACE4 expression was higher in 
patients with late N stage (P=0.035), distant metastasis 
(P=0.045), and late clinical stage (P=0.010). There was no 
statistically significant association between PACE4 expres-
sion and other clinicopathologic parameters including age, 
sex, histological type, and T stage (P>0.05; Table 1).

PACE4 Expression is Closely Related to 
the Long-Term Survival of Patients with 
NPCs
The 5-year OS rate of the cohort of 172 NPC patients was 
58.1% (Figure 3A). The prognostic value of PACE4 was 
evaluated through the estimation of OS using the Kaplan– 
Meier method and Log rank test. The results showed that 
high PACE4 expression was significantly related to poor 
OS compared with low PACE4 expression (38.8% 
vs 77.9%, respectively; P<0.001; Figure 3B). Next, we 

Table 1 Relationships Between PACE4 Expression and 
Clinicopathological Parameters

Variables PACE4 Expression P-value

Cases Low (%) High (%)

(N=172) (N=126) (N=46)

Age (years) 0.595

≤45 73 (42.4) 55 (43.7) 18 (39.1)
>45 99 (57.6) 71 (56.3) 28 (60.9)

Sex 0.242

Male 113 (65.7) 86 (68.3) 27 (58.7)

Female 59 (34.3) 40 (31.7) 19 (41.3)

Histology type 

(WHO)

0.442

Type II 74 (43.0) 52 (41.3) 22 (47.8)

Type III 98 (57.0) 74 (58.7) 24 (52.2)

T stage 0.729

1–2 101 (58.7) 73 (57.9) 28 (60.9)

3–4 71 (41.3) 53 (42.1) 18 (39.1)

N stage 0.035

0–1 97 (56.4) 65 (51.6) 32 (69.6)
2–3 75 (43.6) 61 (48.4) 10 (30.4)

Distant 
metastasis

0.045

0 114 (66.3) 78 (61.9) 36 (78.3)

1 58 (33.7) 48 (38.1) 10 (21.7)

Clinical stage 0.010

I–II 52 (30.2) 45 (35.7) 7 (15.2)
III–IV 120 (69.8) 81 (64.3) 39 (84.8)
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stratified the clinical stages into two groups that include 
early stages (I+II) and advanced stages (III+IV), and found 
that the association between high PACE4 expression and 
shorter OS was significantly stronger in patients at the 
advanced stages than early stages. At the early stages, 
the 5-year OS rates were 79.2% and 71.4% among the 
high- and low-expression patients, respectively (P>0.05; 
Figure 3C). At the advanced stages, the 5-year OS rate of 
late-stage patients with high or low expression of PACE4 
was 32.7% or 77.3%, respectively (P<0.001; Figure 3D).

Expression of PACE4 is an Independent 
Factor to Predict the Poor Prognosis of 
Patients with NPCs
Moreover, multivariate analysis was performed to deter-
mine the impact of PACE4 expression and the clinico-
pathologic variables (ie, distant metastasis and clinical 
stage) on 5-year OS in patients with NPC. Our results 
showed that the expression of PACE4 was an independent 
prognostic factor for NPC patients with shorter 5-year OS 
(hazard ratio=3.025; 95% confidence interval (CI)=1.-
949–4.695, P<0.001; Table 2).

Discussion
The prognosis of NPC patients of uniform stage following 
radiotherapy is substantially different, and this underlying 
variation remains poorly understood. Thus, it is extremely 
urgent that new objective strategies that can effectively 
distinguish patients with favorable vs unfavorable prog-
noses for NPC are needed. The prognosis not only depends 
on the clinicopathological staging, but also on the mole-
cular pathological classification. Despite NPC being 
widely investigated, the specific molecular biomarkers in 
NPC cells that have clinical/prognostic significance have 
yet to be identified.

PACE4, a candidate kexin-like mammalian proprotein- 
processing enzyme, was identified initially in DNA coding 
sequences,18 and its activation has been correlated with 
transcription factor basic helix-loop-helix regulation.19,20 

PACE4 has the potential to participate in various cellular 
functions including cell proliferation, differentiation, and 
apoptosis.5,20 Recently, several studies have documented 
the involvement of PACE4 in oncogenic processes in 
various types of cancers including oral tongue cancer, 
liver cancer, skin cancer, prostate cancer, lung cancer, 
and glioma.6,11-15,18 However, until now, no study has 

Figure 1 IF staining for PACE4 in CNE1 cell line. PACE4 is mainly located in the cytoplasm of CNE1 cells (green for PACE4 and blue for DAPI).

Figure 2 IHC staining for PACE4 expression in nasopharyngeal carcinoma tissues. (A) negative PACE4 staining in normal nasopharyngeal epithelium tissue; (B) weak staining 
of PACE4 in cytoplasm of nasopharyngeal carcinoma tissue; (C) strong staining of PACE4 in cytoplasm of nasopharyngeal carcinoma tissue (original magnification x400).
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explored the expression of PACE4 and its potential impact 
in NPC tumorigenesis.

To address this question, it is the first time that IF and 
IHC were used to analyze the PACE4 expression and its 
clinical significance in NPC. Localization of the PACE4 
protein was shown in the cytoplasm of nasopharyngeal 
carcinoma cell line CNE1 and tissues. Statistical evalua-
tion indicated more frequent expression of PACE4 in NPC 
tissues than in non-nasopharyngeal carcinoma tissues. 
Furthermore, the expression of PACE4 in NPCs is asso-
ciated with N stage, distant metastasis, and clinical stage. 
On the other hand, no significant relationship was found 
between the PACE4 immunohistochemical data and age, 
sex, histological type, and T stage. Studies have demon-
strated that T and N stage influenced independently on the 

clinical outcomes of NPC,21 which was not detected in this 
study, and this inconsistency may be due to limited sample 
size in our study. Nevertheless, the expression of PACE4 
was a strong and independent predictor of poor OS as 
evidenced by univariate and multivariate analysis. In addi-
tion, stratified analysis of NPC in the light of clinical stage 
evaluated PACE4 expression to be closely related to sur-
vival of NPC patients with stage III or IV. Our observa-
tions imply that the expression of PACE4 in NPC may 
highlight increased malignant traits and/or poorer prog-
nosis of this tumor subtype. Hence, its clinical value lies 
in that more rigorous monitoring and more aggressive 
regimens favored for tumors expressing PACE4. This 
may be a valuable way to reduce mortality and prolong 
the lifetime as much as possible.

Figure 3 Kaplan–Meier survival curve and Log rank test analysis showing the association between PACE4 expression and NPC patient survival. (A) The 5-year overall 
survival (OS) rate was 58.1% of 172 NPC patients; (B) High PACE4 expression level was significantly correlated to OS in all NPC patients (P<0.001). (C) Cases were 
stratified by clinical stage. No significant difference in 5-year OS rate was found between PACE4 high-expression and low-expression in NPC patients at early stages (Stage I 
+II); (D) High PACE4 expression level was significantly associated with OS in NPC patients at late stages (Stage III+IV) (P<0.001).
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Several features of PACE4 have indicated an important 
role of the PACE4 protein in oncogenic processes.19 PACE4 
expression was shown to be a target in prostatic malignancy 
and associated with its invasiveness.20 Similarly, in human 
breast cancer, knockdown of PACE4 with MDA-MB-231 
cells showed significantly reduced proliferation, migration, 
and invasion.22 Additionally, in lung carcinoma, our pre-
vious study exhibited that overexpression of PACE4 is 
indicative of poor clinical outcome.23 Mechanistically, 
Panet et al24 showed that PCAE4 was the key driver of 
ZR-75-1 estrogen receptor-positive breast proliferation and 
tumor progression. PACE4 can modulate apoptosis in 
human prostate cancer cells via endoplasmic reticulum 
stress and mitochondrial signaling pathways.25 In the pre-
sent study, increased PACE4 expression was associated with 
the aggressive features of NPC and demonstrated potential 
as a new and independent predictor of worse cancer-specific 
survival. Thereby, in combination with other biomarkers of 
NPC, PACE4 expression status may be useful to stratify 
patients for novel therapeutic strategies such as adjuvant 

chemotherapy, radio-sensitization effect, or the establish-
ment of appropriate treatment selection criteria for NPC 
patients.

To our knowledge, our study was the first to evaluate 
the prognostic value of PACE4 expression in the NPC 
clinical tissue specimens at protein level by immunohisto-
chemical analysis. The most valuable finding of this study 
is that the 5-year OS of our study cohort was significantly 
poorer in high PACE4 expression cases than in low 
PACE4 expression cases. Furthermore, accentuated 
PACE4 expression may be a specific molecule predictor 
for NPC patients. Although the detailed molecular 
mechanism involved in this process is unclear, the present 
study has potential clinical benefits. Finally, the expression 
of PACE4, which could be detected by IHC, might be 
a useful molecular marker to provide evidence for mole-
cular target therapy of NPC patients. Nevertheless, several 
limitations should be considered in the study. Firstly, 
a relatively small sample size from only a single center 
was included, which might cause some selective bias 
affecting the results, and future studies require more 
enrolled NPC patients to confirm the findings. Secondly, 
the current study lacks the NPC patients’ information 
including lymphovascular invasion and perineural inva-
sion, which should be included in future studies with 
more NPC patients. Thirdly, the impact of PACE4 on 
disease-specific survival, recurrence-free survival, and 
metastasis survival has not been analyzed, and further 
studies may consider to incorporate the comprehensive 
analysis in order to reveal the prognostic significance of 
PACE4 in NPC patients. Fourthly, bioinformatics analysis 
may be performed in the public databases to confirm the 
prognostic potential of PACE4 in NPC patients.

Conclusions
Our study demonstrated that PACE4 expression plays an 
important role in the acquisition of an aggressive phenotype 
in NPC, suggesting that the expression of PACE4, as 
assessed by IHC, provides a promising independent biomar-
ker for poorer OS in NPC patients. To obtain a better under-
standing of the mechanism of carcinogenesis and tumor 
progression in patients with NPC, further multifarious 
experimental model studies are needed. Moreover, it will 
be of paramount importance to analyze quantitatively the 
predictive power of PACE4 overexpression for NPC and 
other tumor subsets in further investigations.

Table 2 Univariate and Multivariate Analysis with Respect to 
Over Survival in NPCs

Variables Subset HR (95% CI) P-value

Univariate analysis (N=172)

Age ≤45 vs >45 0.558 
(0.564–1.363)

0.558

Sex Male vs Female 1.231 

(0.793–1.912)

0.354

Histology type Type II vs Type 

III

1.212 

(0.783–1.877)

0.389

T stage 1,2 vs 3.4 0.964 

(0.619–1.501)

0.870

N stage 0,1 vs 2.3 0.961 
(0.628–1.472)

0.856

Distant 

metastasis

0 vs 1 1.647 

(1.080–2.510)

0.020

Clinical stage I,II vs III,IV 2.222 

(1.249–3.953)

0.007

PACE4 Low vs High 2.883 
(1.882–4.418)

<0.001

Multivariate analysis (N=172)

Distant 

metastasis

0 vs 1 1.570 

(0.973–2.532)

0.064

Clinical stage I,II vs III,IV 1.619 

(0.854–3.072)

0.140

PACE4 Low vs High 3.025 
(1.949–4.695)

<0.001
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