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Abstract. Hepatocellular carcinoma (HCC) constitutes a 
deadly cancer with a high rate of recurrence and metastasis. 
Phosphoprotein enriched in diabetes/phosphoprotein enriched 
in astrocytes‑15 (PED/PEA‑15) is a protein involved in the 
metabolism of glucose that regulates numerous cellular 
processes, including cell division, apoptosis and migration 
in numerous types of cancer. However, PED/PEA‑15 may 
act as a tumor‑promotor or a tumor‑suppressor depending on 
its phosphorylation status. In the present study, the associa‑
tion between the phosphorylation of PED/PEA‑15 at Ser116 
[PED/PEA‑15(S116)], the phosphorylation of P27 at Thr187 
[P‑p27(T187)] and the clinicopathological features and 
prognosis of patients with HCC was assessed. The levels 
of PED/PEA‑15(S116) and P‑p27(T187) were determined 
using immunohistochemistry and western blotting analysis 
in resected liver tumor tissues and adjacent non‑cancerous 
tissues obtained from 60 patients with HCC as well as normal 
liver tissues from 12 patients with benign lesions. The associa‑
tion between the expression levels of these two markers and 
the clinicopathological features of patients with HCC was 

explored. Using the Kaplan‑Meier method, the prognostic 
value of PED/PEA‑15(S116) and P‑p27(T187) expression 
levels was determined. The results demonstrated that the 
levels of PED/PEA‑15(S116) and P‑p27(T187) proteins were 
remarkably higher in the HCC group compared with those in 
the adjacent and normal tissue groups (both P<0.05). In addi‑
tion, a moderate positive correlation was observed between 
the levels of PED/PEA‑15(S116) and P‑p27(T187) (r=0.434; 
P<0.05). The levels of these two proteins were associated 
with the Edmondson grade, Tumor‑Node‑Metastasis (TNM) 
stage, vascular invasion and tumor multiplicity (all P<0.05). 
Furthermore, the Kaplan‑Meier analysis results demonstrated 
that patients with HCC that presented with positive expression 
of PED/PEA‑15(S116) and P‑p27(T187) exhibited a dismal 
prognosis compared with that in patients with negative expres‑
sion regarding the overall survival (OS), as well as disease‑free 
survival (both P<0.05). Multivariate Cox analysis revealed 
that the TNM stage (P<0.05), vascular invasion (P<0.05), 
PED/PEA‑15(S116) levels (P<0.001) and P‑p27(T187) levels 
(P<0.05) were independent prognostic factors for OS in 
patients with HCC. In conclusion the results of the present 
study demonstrated that PED/PEA‑15(S116) and P‑p27(T187) 
levels were upregulated in HCC tissues compared with those 
in the adjacent and normal tissues; PED/PEA‑15(S116) and 
P‑p27(T187) expression may serve as an indicator of a poor 
prognosis in patients with HCC, suggesting that these proteins 
may be prospective therapeutic targets for HCC.

Introduction

Globally, hepatocellular carcinoma (HCC) constituted the third 
most common cause of cancer‑related mortality in 2013 (1). 
Unlike the majority of other types of cancer, liver cancer 
mortality rates have increased by 34.8% in the USA over the 
past 20 years (2), suggesting that the liver cancer‑associated 
health and economic burden will likely increase substantially 
worldwide in the coming decades (3). HCC is characterized by 
a poor prognosis, and the 5‑year survival rate is ~15% (4). The 

Phosphorylation of PED/PEA‑15 at Ser116 and 
phosphorylation of p27 at Thr187 indicates a poor 

prognosis in hepatocellular carcinoma
YIFENG WU1‑3*,  XIANPENG LI3*,  MINGLIANG CHEN3,  ZHIKUN LIU1,2,  

XUANYU ZHANG1,2,  SHUSEN ZHENG1,2  and  XIAO XU1,2

1Division of Hepatobiliary and Pancreatic Surgery, Department of Surgery, Collaborative Innovation Center for  
Diagnosis and Treatment of Infectious Diseases, The First Affiliated Hospital, Zhejiang University School of Medicine; 

2Key Lab of Combined Multi‑Organ Transplantation, Ministry of Public Health, Hangzhou, Zhejiang 310006; 
3Division of Hepatobiliary and Pancreatic Surgery, Yinzhou Hospital Affiliated to Medical School of Ningbo University, 

Ningbo, Zhejiang 315040, P.R. China

Received December 24, 2019;  Accepted November 24, 2020

DOI: 10.3892/ol.2021.12438

Correspondence to: Professor Xiao Xu, Division of Hepatobiliary 
and Pancreatic Surgery, Department of Surgery, Collaborative 
Innovation Center for Diagnosis and Treatment of Infectious 
Diseases, The First Affiliated Hospital, Zhejiang University School 
of Medicine, 79 Qingchun Road, Hangzhou, Zhejiang 310006, 
P.R. China
E‑mail: zjxu@zju.edu.cn

*Contributed equally

Key words: hepatocellular carcinoma, phosphoprotein enriched 
in diabetes/phosphoprotein enriched in astrocytes‑15 Ser116, 
phosphorylated p27 Thr187, prognostic biomarker



WU et al:  PED/PEA‑15 PHOSPHORYLATION INDICATES POOR PROGNOSIS IN HCC2

main reasons contributing to the high mortality and poor prog‑
nosis include difficulties in early diagnosis and the complexity 
of tumor treatment in patients due to the vast heterogeneity of 
symptoms and tumor biology (5,6). Therefore, identifying new 
prognostic markers that help to improve individual patient care 
is of great clinical significance.

Phosphoprotein enriched in diabetes/phosphoprotein 
enriched in astrocytes‑15 (PED/PEA‑15) is a ubiquitously 
expressed phosphoprotein in human glucose metabolism and 
was initially discovered in primary cultured astrocytes (7). 
PED/PEA‑15 serves a key role in diabetes and glucose 
metabolism (8). In addition, PED/PEA‑15 regulates a range of 
cellular processes, including cell proliferation, apoptosis and 
migration in numerous types of cancer, such as breast and lung 
cancer (9,10). Notably, PED/PEA‑15 acts as a tumor‑promotor 
or a tumor‑suppressor depending on its phosphorylation 
status (11). The unphosphorylated form binds extracellular 
signal receptor‑activated kinase 1/2 (ERK1/2), suppressing 
its subsequent activation; by contrast, phosphorylation of 
PED/PEA‑15 at Ser116 [PED/PEA‑15(S116)] releases ERK1/2, 
resulting in its activation, which causes cell proliferation and 
migration, and thus, tumor promotion, including lung, breast 
and prostate cancer (9,10,12). In addition, PED/PEA‑15(S116) 
binds to the Fas‑associated death domain protein (FADD), 
inhibiting FADD‑mediated apoptosis (13).

The p27Kip1 (p27) protein regulates cellular functions 
such as differentiation, proliferation, apoptosis, translation 
and adhesion (14,15). Previous evidence has demonstrated 
that the absence or low levels of p27 expression are indica‑
tors of a poor prognosis in several types of cancer, including 
colon, breast, bladder and lung cancer (16,17). Notably, the 
major pathway of post‑transcriptional nuclear degradation 
of p27 involves its phosphorylation at Thr187 [P‑p27(T187)], 
which results in its suppression (18). During the G1/S phase 
transition of the cell cycle, P‑p27(T187) allows the binding 
of S‑phase kinase‑associated protein 2 and the formation of 
cyclin E/A‑Cdk2 complexes, leading to p27 ubiquitination 
and degradation (19,20). Furthermore, ERK1/2 phosphoryla‑
tion upregulates p27 phosphorylation and downregulates 
nuclear p27 levels (21). Despite the abundant information 
about PED/PEA‑15(S116) and P‑p27(T187), their relationship 
in HCC remains unclear. In addition, the association between 
PED/PEA‑15(S116) and P‑p27(T187) in a clinical setting has 
not been studied previously. Therefore, the present study 
aimed to explore the connection between PED/PEA‑15(S116) 
and P‑p27(T187) expression and the clinical features and 
prognosis in HCC.

Materials and methods

Patients and tissue specimens. A prospective single‑center 
study was performed between January 2011 and January 2017. 
Samples for laboratory assays were obtained between 
January 2011 and December 2014. Tumor and adjacent 
non‑tumorous hepatic (2 cm from the edge of the tumor) 
tissues were harvested from 60 patients with HCC who had 
undergone hepatectomy by the same surgical team at Yinzhou 
Hospital Affiliated to Medical School of Ningbo University 
(Ningbo, China). The tissues were divided into two parts, one 
of which was immediately fixed with formalin and embedded 

in paraffin, whereas the other was stored in liquid nitrogen. 
Two independent hepatologists confirmed the diagnosis of 
HCC based on postoperative pathology. In addition, normal 
hepatic tissues were collected from 12 patients with benign 
lesions. No patient had received preoperative administration 
of neoadjuvant radiotherapy, chemotherapy or any invasive 
intervention, including percutaneous ablation or chemoembo‑
lization.

In the present study, the follow‑up period was up to 
January 2017 or until the date of the patient's death. The data 
were collected by a telephone interview or outpatient service. 
Tumor‑Node‑Metastasis (TNM) stage and Edmondson grade 
were used to analyze the clinicopathological features in 
patients with HCC (22). The overall survival (OS) was deter‑
mined as the period between the surgery date and death from 
any cause or the last follow‑up date. The study received ethical 
approval from the Research Ethics Committee of Yinzhou 
Hospital (approval no. 2017006). Written informed consent was 
obtained from all participants of the present study. The proto‑
cols of the present study regarding human subjects followed 
the ethical standards of the National Research Committee and 
the Declaration of Helsinki.

Immunohistochemistry and evaluation of immunostaining. 
HCC, adjacent non‑tumorous and normal tissue samples were 
fixed in a 10% neutral formalin solution immediately following 
resection at room temperature for >24 h. Dehydration was 
performed in an ethanol gradient series at room temperature 
as follows: 70% for 1 h, 80% for 2‑4 h, 95% for 2‑4 h, 95% for 
2‑4 h, 100% for 2‑4 h, and 100% for 2‑4 h. Subsequently the 
samples were embedded in paraffin, sectioned into 3‑5‑µm 
slices, mounted on glass slides and dewaxed. The slides 
were treated for 30 min with 1% H2O2‑methanol solution at 
room temperature and placed in citric acid/sodium citrate 
buffer (0.01 M; pH 6.0) at 92‑98˚C, followed by microwaving 
for 10 min and washing three times for 5 min with PBS. 
Subsequently, the samples were incubated with 1% sheep 
serum (cat. no. ZLI‑9021; Beijing Zhongshan Golden Bridge 
Biotechnology Co., Ltd.) in PBS to block non‑specific antigens 
for 20 min at room temperature, and PED/PEA‑15(S116) 
(1:50; cat. no. PA5‑38314; Thermo Fisher Scientific, Inc.) 
and P‑p27(T187) (1:50; cat. no. PA5‑104911; Thermo Fisher 
Scientific, Inc.) primary antibodies were added in a dropwise 
manner and incubated at 4˚C overnight. The following day, 
sheep anti‑rabbit IgG‑HRP horseradish peroxidase‑conjugated 
secondary antibodies (1:1,000; cat. no. BHR101; Beijing Bersee 
Science and Technology Co., Ltd.) were added, followed 
by incubation at 37˚C for 40 min in a humidified chamber. 
Subsequently, the avidin‑biotin‑peroxidase complex (1:100) 
(Beijing Bersee Science and Technology Co., Ltd.)) was 
added, and the slides were incubated at 37˚C for 40 min in a 
humidified chamber. The samples were counterstained with 
3,3'‑diaminobenzidine at room temperature for 60‑90 sec, 
dehydrated, cleared and sealed. PBS and normal sheep 
serum were used in place of the primary antibodies as the 
blank and negative controls, respectively. The staining results 
were observed under a light microscope with x10, x20 and 
x40 magnification (23). Similarly, the protein expression 
results were evaluated according to the frequency of positive 
staining in the cytoplasm or the nucleus of the cells (23). A 
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total of 10 different high magnification fields were randomly 
selected for double‑blind counting (100 cells/field). Protein 
expression was categorized as positive when >50% of the cells 
were stained.

Western blotting. Protein extraction and western blotting 
were performed following a standard protocol (24). Human 
frozen tissues (tumor tissues, adjacent non‑tumorous and 
normal liver tissue) were crushed into a fine powder in a 
metal mortar, cooled on dry ice and lysed in RIPA lysis 
buffer (50 mM Tris‑HCl, 150 mM NaCl, 1% Triton X‑100, 
1% sodium deoxycholate, 0.1% SDS, 1 mM PMSF) with 10:1 
protease inhibitor cocktail (Sigma‑Aldrich; Merck KGaA). 
The protein concentration was determined by the BCA 
assay. The extracted proteins were separated by SDS‑PAGE 
(40 µg protein per lane; 12% separation gel and 5% spacer 
gel) and transferred to PVDF membranes. Following 
blocking with TBS‑0.1% Tween‑20 (TBS‑T) buffer 
containing 5% non‑fat powder milk at room temperature for 
2 h, the membranes were immunoblotted using the following 
primary antibodies: Anti‑β‑actin (1:200; cat. no. sc‑8432; 
Santa Cruz Biotechnology, Inc.), anti‑PED/PEA‑1 5 
(1:800; cat. no. PA5‑100749; Thermo Fisher Scientific, 
Inc.), anti‑PED/PEA‑15(S116) (1:800; cat. no. PA5‑38314; 
Thermo Fisher Scient i f ic,  Inc.),  ant i‑P27 (1:800; 
cat. no. PA5‑27188; Thermo Fisher Scientific, Inc.) and 
anti‑P‑p27(T187) (1:800; cat. no. PA5‑104911; Thermo Fisher 
Scientific, Inc.), at 4˚C for >12 h, and the goat anti‑mouse IgG 
peroxidase‑conjugated secondary antibody (1:800; Pierce; 
Thermo Fisher Scientific, Inc.) was added and incubated in 
a 37˚C water bath for 1 h. The membranes washed three 
times with TBS‑T. Immunoreactive bands on the blots were 
visualized with an ECL kit (Beit HaEmek).

Statistical analysis. The data were analyzed using SPSS 22.0 
software (IBM Corporation). Continuous variable values 
were expressed as the mean ± standard error of the mean 
and analyzed using Student's t‑test. The analysis of multiple 
groups was performed by one‑way ANOVA with Tukey's 
post hoc test. Categorical variables were compared using the 
χ2 or Fisher's exact test. In addition, Spearman's rank correla‑
tion analysis was used to analyze the associations between 

PED/PEA‑15(S116) and P‑p27(T187). Survival curves were 
drawn using the Kaplan‑Meier method and analyzed by 
the log‑rank test. Multivariate analysis was performed on 
the prognostic variables using the Cox proportional hazard 
regression model with stepwise forward selection. P<0.05 was 
considered to indicate a statistically significant difference.

Results

Detection of PED/PEA‑15(S116) and P‑p27(T187) protein 
expression. The immunohistochemical staining results 
revealed positive staining for both PED/PEA‑15(S116)‑and 
P‑p27(T187) in the cytoplasm. (Fig. 1). The rates of positive 
expression for PED/PEA‑15(S116) and P‑p27(T187) in patients 
with HCC were 68.3% (41/60) and 75.0% (45/60), respectively. 
These rates were higher compared with those in the adjacent 
[PED/PEA‑15(S116), 33.3% (20/60), P<0.05; P‑p27(T187), 
35% (21/60), P<0.05] and normal tissues [PED/PEA‑15(S116), 
16.7% (2/12), P<0.05; P‑p27(T187), 16.7% (2/12), P<0.05; 
Table I]. Western blot analysis revealed higher levels of 
P‑p27(T187) in the HCC group compared with those in the 
adjacent and normal liver tissue groups. In addition, the 
expression levels of PED/PEA‑15 and PED/PEA‑15(S116) in 
the HCC group were higher compared with those in the adja‑
cent and normal liver tissue groups. (Fig. 2; Table II).

Associations between PED/PEA‑15(S116) and P‑p27(T187) 
expression and clinicopathological features in patients with 
HCC. As presented in Table III, the PED/PEA‑15(S116) expres‑
sion levels were associated with the Tumor‑Node‑Metastasis 
(TNM) stage (P<0.05), Edmondson grade (P<0.05), vascular 
invasion (P<0.05) and tumor multiplicity (P<0.05). Significant 
associations between P‑p27(T187) expression levels and 
TNM stage (P<0.05), Edmondson grade (P<0.05), vascular 
invasion (P<0.05) and tumor multiplicity (P<0.05) were also 
identified. The expression levels of PED/PEA‑15(S116) and 
P‑p27(T187) were not associated with patient age, sex, tumor 
size, cirrhosis, α‑fetoprotein level or hepatitis B surface antigen 
positivity (all P>0.05).

Correlation between the expression of PED/PEA‑15(S116) 
and P‑p27(T187) in HCC. The correlation between 

Table I. Expression of PED/PEA‑15(S116) and P‑p27(T187) by immunohistochemistry in HCC, adjacent non‑cancerous and 
normal tissue samples.

 Positive expression rate (%) χ2‑value p‑value
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable N PED/PEA‑15(S116) P‑p27(T187) HCC vs. A HCC vs. N HCC vs. A HCC vs. N

HCC 60 41 (68.3) 45 (75.0)     
A 60 20 (33.3) 21 (35.0)     
N 12 2 (16.7) 2 (16.7)     
PED/PEA‑15(S116)    14.70 11.09 <0.01 <0.01
P‑p27(T187)    19.39 15.01 <0.01 <0.01

PED/PEA‑15(S116), phosphorylation of phosphoprotein enriched in diabetes/phosphoprotein enriched in astrocytes‑15 at Ser116; P‑p27(T187), 
phosphorylation of p27 at Thr187; HCC, hepatocellular carcinoma; A, adjacent non‑cancerous liver tissue; N, normal liver tissue.
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PED/PEA‑15(S116) and P‑p27(T187) expression was evalu‑
ated in HCC tissues. The Spearman rank correlation analysis 
results revealed that the expression of PED/PEA‑15(S116) was 
positively associated with P‑p27(T187) expression (r=0.434; 
P<0.05) (Table IV).

Association of PED/PEA‑15(S116) and P‑p27(T187) expres‑
sion with clinical prognosis. Kaplan‑Meier survival analysis 
were performed using data from the 60 patients with HCC to 
determine the effects of PED/PEA‑15(S116) and P‑p27(T187) 
protein expression on patient prognosis. The results revealed 
that the patients with HCC with positive PED/PEA‑15(S116) or 
P‑p27(T187) expression exhibited shorter OS times (Fig. 3C, 
P<0.05). Similar trends were observed for disease‑free survival, 
where patients with HCC with positive PED/PEA‑15(S116) 
or P‑p27(T187) expression exhibited shorter disease‑free 
survival times compared with those with negative expression 
(Fig. 3D, P<0.05). In addition, the effects of concomitant posi‑
tive expression of P‑p27(T187) and PED/PEA‑15 on OS and 
disease‑free survival time were also evaluated. The results 
revealed that patients with HCC with positive expression 

of P‑p27(T187) and PED/PEA‑15(S116) exhibited a poorer 
prognosis compared with those with positive expression of 
P‑p27(T187) or PED/PEA‑15(S116) alone (P<0.05, Fig. 4).

Univariate and multivariate analyses of prognostic variables 
in HCC. Univariate and multivariate analyses were performed 
to assess whether PED/PEA‑15(S116) and P‑p27(T187) expres‑
sion constituted an independent risk factor for HCC outcomes. 
The results demonstrated that age, sex, serum α‑fetoprotein 
level, hepatitis B surface antigen positivity, tumor size, multi‑
plicity, Edmondson grade, TNM stage, vascular invasion and 
positive expression of PED/PEA‑15(S116) and P‑p27(T187) 
were identified as prognostic variables for the OS rate in patients 
with HCC. In the multivariate analysis, only TNM stage 
(P<0.05), vascular invasion (P<0.05), PED/PEA‑15(S116) 
expression (P<0.05) and P‑p27(T187) expression (P<0.05) 
were identified as independent prognostic variables for HCC 
OS (Table V).

Discussion

In the present study, the expression levels of PED/PEA‑15(S116) 
and P‑p27(T187) were assessed in HCC, adjacent non‑tumor 
and normal liver tissues. In addition, the associations 
between PED/PEA‑15(S116) and P‑p27(T187) expression 
levels, clinicopathological features and clinical outcomes of 
patients with HCC were analyzed. The results demonstrated 
that PED/PEA‑15(S116) and P‑p27(T187) expression levels 
were higher in HCC tissues compared with those in adja‑
cent and normal liver tissues. In addition, the expression of 
PED/PEA‑15(S116) was associated with the expression levels of 
P‑p27(T187) in HCC tissues, as determined by Spearman rank 
correlation analysis. High expression levels of these markers 
were associated with TNM stage, Edmondson grade, vascular 
invasion and tumor multiplicity. Kaplan‑Meier survival anal‑
ysis results demonstrated that patients with HCC with positive 

Figure 1. Representative images of PED/PEA‑15(S116) and P‑p27(T187) expression. (A‑D) PED/PEA‑15(S116) protein expression levels were higher in HCC 
tissues compared with those in the adjacent and normal tissue samples, as determined using immunohistochemistry. (A) High PED/PEA‑15(S116) expres‑
sion in HCC tissue. (B) Low PED/PEA‑15(S116) expression in adjacent non‑cancerous tissue. (C) No PED/PEA‑15(S116) expression in normal liver tissue. 
(E‑H) P‑p27(T187) protein expression levels were higher in HCC tissues compared with those in the adjacent non‑cancerous and normal tissue samples. 
(E) High P‑p27(T187) expression in HCC tissue. (F) Low P‑p27(T187) expression in adjacent non‑cancerous tissue. (G) No P‑p27(T187) expression in normal 
liver tissue. Scale bar, 50 µm. PED/PEA‑15(S116), phosphorylation of phosphoprotein enriched in diabetes/phosphoprotein enriched in astrocytes‑15 at Ser116; 
P‑p27(T187), phosphorylation of p27 at Thr187; HCC, hepatocellular carcinoma; T, HCC group; A, adjacent non‑cancerous group; N, normal group.

Figure 2. Representat ive images of tota l and phosphorylated 
PED/PEA‑15 and P27 protein expression levels determined by western 
blotting. PED/PEA‑15, phosphoprotein enriched in diabetes/phosphoprotein 
enriched in astrocytes‑15; PED/PEA‑15(S116), phosphorylation of 
PED/PEA‑15 at Ser116; P‑p27(T187), phosphorylation of p27 at Thr187; T, 
hepatocellular carcinoma group; A, adjacent non‑cancerous group; N, normal 
group.
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expression of PED/PEA‑15(S116) and P‑p27(T187) exhibited 
poorer clinical outcomes compared with those in patients with 

negative expression. Multivariate survival analysis results 
demonstrated that the expression levels of PED/PEA‑15(S116) 

Table II. Expression of PED/PEA‑15(S116), P‑p27(T187), PED/PEA‑15, and P27 by western blotting in HCC, adjacent 
non‑cancerous and normal tissue samples.

 t‑value P‑value
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable HCC A N HCC vs. A HCC vs. N HCC vs. A HCC vs. N

N 60 60 12    
OD ratio, mean ± SEM       
  PEA‑15(S116)/actin 0.64±0.06 0.35±0.07 0.18±0.04 17.80 22.66 0.01 <0.01
  P‑p27(T187)/actin 0.64±0.11 0.31±0.08 0.15±0.03 16.38 23.23 <0.01 <0.01
  PEA‑15/actin 0.62±0.08 0.35±0.08 0.19±0.07 16.55 17.51 <0.01 0.01
  P27/actin 0.21±0.06 0.34±0.08 0.66±0.14 ‑10.58 ‑12.54 <0.01 <0.01
  PEA‑15(S116)/PEA‑15 1.02±0.14 1.00±0.21 0.94±0.05 0.84 0.52 0.04 0.02
  P‑p27(T187)/P27 3.03±0.31 0.91±0.20 0.23±0.05 42.21 28.48 <0.01 <0.01

PED/PEA‑15, phosphoprotein enriched in diabetes/phosphoprotein enriched in astrocytes‑15; PED/PEA‑15(S116), phosphorylation of 
PED/PEA‑15 at Ser116; P‑p27(T187), phosphorylation of p27 at Thr187; HCC, hepatocellular carcinoma; A, adjacent non‑cancerous liver 
tissue; N, normal liver tissue; OD, optical density.

Figure 3. Prognostic value of PED/PEA‑15(S116) and P‑p27(T187) expression in patients with HCC. (A and B) Kaplan‑Meier analysis demonstrated differ‑
ences in overall survival between patients with HCC (n=60) with positive and negative (A) PED/PEA‑15(S116) and (B) P‑p27(T187) expression. (C and D) A 
similar trend was observed for disease‑free survival in patients with HCC with positive and negative (C) PED/PEA‑15(S116) and (D) P‑p27(T187) expression. 
PED/PEA‑15(S116), phosphorylation of phosphoprotein enriched in diabetes/phosphoprotein enriched in astrocytes‑15 at Ser116; P‑p27(T187), phosphoryla‑
tion of p27 at Thr187; HCC, hepatocellular carcinoma.
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and P‑p27(T187) were independent prognostic indicators for 
patients with HCC.

HCC continues to be a problem in the clinic, with a 
poor prognosis and limited therapeutic options (25). Thus, 
urgent research action is required to aid in the identification 
of novel prognostic markers for HCC surveillance and to 
improve individual treatment approaches. A previous study 
has indicated that apoptosis‑related proteins participate in 
the occurrence, development and metastasis of HCC (26). 
PED/PEA‑15, a small cytosolic protein, is highly conserved 
in mammals and is ubiquitously expressed in human glucose 
metabolism. PED/PEA‑15 participates in the modulation 
of numerous cellular processes, such as cell proliferation, 
death and survival (10). This enables PED/PEA‑15 to 

interfere with intrinsic as well as extrinsic apoptosis 
pathways (27,28). Previous studies have demonstrated that 
PED/PEA‑15 is upregulated in a variety of tumors, such as 
breast and lung cancer, in which it facilitates tumor growth 
and is associated with poor survival outcomes (9,29). By 
contrast, the upregulation of PED/PEA‑15 in patients with 
ovarian cancer is associated with a good prognosis (30). This 
difference is primarily associated with the phosphorylation 
status of PED/PEA‑15; in ovarian cancer, PED/PEA‑15 is 
unphosphorylated (31). Therefore, PED/PEA‑15 acts either 
as a tumor promoter or as a tumor suppressor, modulating 
cell proliferation or apoptosis depending on its phos‑
phorylation status (11). Phosphorylated PED/PEA‑15 is 
associated with increased ERK1/2 activity compared with 

Table III. Associations between PED/PEA‑15(S116) and P‑p27(T187) expression levels determined by western blotting and the 
clinicopathological characteristics of patients with hepatocellular carcinoma (n=60).

 OD value of protein expression (mean ± SEM)
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables N PED/PEA‑15(S116) P‑p27(T187)

Age, years   P=0.775  P=0.769
  ≤50 27 0.598±0.017  0.625±0.022 
  >50 33 0.604±0.016  0.617±0.019 
Sex   P=0.341  P=0.795
  Male 37 0.618±0.014  0.629±0.018 
  Female 23 0.596±0.010  0.623±0.020 
HBsAg   P=0.175  P=0.149
  Positive 45 0.602±0.018  0.624±0.011 
  Negative 15 0.571±0.024  0.591±0.022 
Tumor size, cm   P=0.099  P=0.145
  ≤5 38 0.569±0.018  0.612±0.019 
  >5 22 0.618±0.021  0.658±0.025 
Cirrhosis   P=0.083  P=0.142
  Yes 42 0.615±0.014  0.645±0.015 
  No 18 0.566±0.026  0.599±0.031 
Tumor multiplicity   P=0.004   P=0.024 
  Single 39 0.538±0.019  0.587±0.019 
  Multiple 21 0.625±0.021  0.667±0.029 
AFP, µg/l   P=0.075  P=0.112
  ≤400 23 0.594±0.019  0.626±0.028 
  >400 37 0.632±0.012  0.680±0.019 
Edmondson grade   P=0.005  P=0.005
  I‑II 32 0.577±0.019  0.595±0.020 
  III‑IV 28 0.644±0.013  0.676±0.019 
TNM stage   P=0.013  P=0.001
  I‑II 38 0.578±0.017  0.597±0.017 
  III 22 0.648±0.020  0.695±0.024 
Vascular invasion   P=0.005  P=0.009
  Yes  19 0.655±0.015  0.699±0.021 
  No 41 0.585±0.013  0.616±0.019 

PED/PEA‑15(S116), phosphorylation of phosphoprotein enriched in diabetes/phosphoprotein enriched in astrocytes‑15 at Ser116; P‑p27(T187), 
phosphorylation of p27 at Thr187; HBsAg, hepatitis B virus surface antigen; AFP, α‑fetoprotein; TNM, tumor‑node‑metastasis; OD, optical 
density.
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that in non‑tumorous cells, leading to increased cell growth 
and migration and, consequently, tumor promotion (32). 
According to the results of the present study, high expression 
levels of PED/PEA‑15(S116) in HCC tissues were associated 
with a poor prognosis and a short survival time, which was 
consistent with the results of a previous study (33).

Several studies have reported that the suppression of 
p27 or its localization in the cytoplasm is associated with 
increased malignancy and a poor outcome in numerous types 
of cancer (16,17,31). Uncontrolled cell proliferation is a char‑
acteristic of cancer and arises from the loss of control over 
the transition from the G1 to S phase in the cell cycle (17). 
P‑p27(T187) triggers p27 degradation during the G1/S phase 
transition through the formation of the SCF ubiquitin 
ligase E3 complex, which results in the polyubiquitination of 
p27 (34). The suppression of p27 prevents efficient inhibition 
of cyclin‑Cdk activities, and the resulting activity of these 
kinases facilitates cell proliferation (34). Alternatively, the 
suppression of p27 induces the deregulation of genes that 

serve a vital role in tumorigenesis and tumor metastasis (35). 
By contrast, when p27 is transported from the cell nucleus to 
the cytoplasm through phosphorylation, it alters the expres‑
sion of genes modulated by p27 and exerts an oncogenic 
function by promoting cell movement and invasion through 
the modification of the cytoskeleton (36,37). In the present 
study, P‑p27(T187) protein was observed to be located in the 
cytoplasm and upregulated in HCC tissues compared with that 
in adjacent non‑tumor and normal liver tissues. In addition, 
the positive expression of P‑p27(T187) was associated with a 
shorter average survival time of patients with HCC, resulting 
in a poor prognosis. Therefore, we hypothesize that increased 
P‑p27(T187) levels may affect HCC tumorigenesis and 
progression via nuclear export and polyubiquitination‑medi‑
ated degradation of p27, which is consistent with previous 
findings.

The results of the present study also identified a positive 
association between PED/PEA‑15(S116) and P‑p27(T187) in 
HCC. Therefore, we hypothesized that PED/PEA‑15(S116) 

Table IV. Associations between PED/PEA‑15(S116) and P‑p27(T187) levels in hepatocellular carcinoma determined by 
immunohistochemistry.

 P‑p27(T187) expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Marker N Positive Negative r‑value P‑value

PED/PEA‑15(S116) expression     
  Positive 41 36 5 0.434 0.001
  Negative 19 9 10  

PED/PEA‑15(S116), phosphorylation of phosphoprotein enriched in diabetes/phosphoprotein enriched in astrocytes‑15 at Ser116; P‑p27(T187), 
phosphorylation of p27 at Thr187.

Table V. Univariate and multivariate analyses of prognostic variables for overall survival in patients with hepatocellular carcinoma.

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable HR 95% CI P‑value HR 95% CI P‑value

Age, years 0.589 0.324‑1.069 0.082   
Sex 1.193 0.648‑2.198 0.571   
HBsAg 1.737 0.910‑3.316 0.094   
AFP 0.584 0.319‑1.069 0.081   
Cirrhosis 1.759 0.921‑3.357 0.087   
Tumor size, cm 1.751 0.943‑3.253 0.076   
Tumor multiplicity 0.269 0.132‑0.549 <0.001   
TNM stage 0.237 0.107‑0.524 <0.001 2.782 1.136‑6.802 0.025
Edmondson grade 0.226 0.116‑0.440 <0.001   
Vascular invasion 2.194 2.136‑3.154 <0.001 3.255 0.996‑10.635 0.017
PED/PEA‑15(S116) 2.953 1.517‑2.749 <0.001 5.801 2.472‑13.609 0.001
P‑p27(T187) 0.340 0.176‑0.657 <0.001 2.063 0.924‑4.605 0.031

HR, hazard ratio; HBsAg, hepatitis B virus surface antigen; AFP, α‑fetoprotein; TNM, tumor‑node‑metastasis; PED/PEA‑15(S116), phos‑
phorylation of phosphoprotein enriched in diabetes/phosphoprotein enriched in astrocytes‑15 at Ser116; P‑p27(T187), phosphorylation of p27 
at Thr187.
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may increase ERK phosphorylation, which regulates nucleo‑
cytoplasmic p27 export and polyubiquitination degradation, 
thus reducing the p27 protein level via P‑p27(T187) (21,38), 
and this phosphorylation cascade may serve an essential role 
in the MAPK/ERK pathway and contribute to the occurrence, 
development and prognosis of HCC.

The current study has several potential limitations. First, 
the number of samples was limited, which affected the power 
of the statistical analyses. Second, this was a retrospective 
study using medical data from a single institution; thus, certain 
inherent bias may exist. It is important that future prospective 
studies using larger sample sizes are conducted to validate 
the current findings. Finally, the present findings solely relied 
on histological examination and no further studies were 
performed for the two proteins; therefore, the phosphorylation 
cascade interactions in the MAPK/ERK pathway between 
PED/PEA‑15(S116) and P‑p27(T187) in in vivo and in vitro 
HCC models need to be further studied and validated.

In summary, the results of the present study suggested 
that PED/PEA‑15(S116) and P‑p27(T187) may be prospective 
prognostic biomarkers for HCC. However, further evidence is 
needed to validate their application. Based on the results of 

the current study, there was a significant association between 
the expression levels of PED/PEA‑15(S116) and P‑p27(T187) 
proteins in HCC; however, their complicated interactions 
require additional research to determine their molecular 
mechanisms via the MAPK/ERK signaling pathway, which 
may unveil novel potential targets for HCC therapy.
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