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Abstract. The prognosis of hepatocellular carcinoma (HCC) 
is unfavorable following complete tumor resection. The aim 
of the present study was to identify a molecule able to predict 
HCC prognosis through comprehensive protein profiling and 
to elucidate its clinicopathological significance. Compre-
hensive protein profiling of HCC was performed by liquid 
chromatography‑tandem mass spectrometry. Through the 
bioinformatic analysis of proteins expressed differentially in 
HCC and non‑HCC tissues, protein disulfide‑isomerase A3 
(PDIA3) was identified as a candidate for the prediction of 
prognosis. PDIA3 expression was subsequently examined in 
86 cases of HCC by immunostaining and associations between 
PDIA3 expression levels and clinicopathological characteris-
tics were evaluated. The Ki‑67 index and apoptotic cell death 
of carcinoma cells were examined by immunostaining and 
terminal deoxynucleotidyl transferase dUTP nick‑end labeling 
assay in 24 cases. The results demonstrated that PDIA3 was 
expressed in all 86 HCC cases; 56 HCC cases (65%) exhib-
ited high expression of PDIA3 and 30 (35%) exhibited low 
expression. The disease‑free and overall survival times of 
HCC patients with high PDIA3 expression were significantly 

shorter than in HCC patients with low expression. Further-
more, increased expression of PDIA3 was associated with an 
elevated Ki‑67 index, indicating increased cancer cell prolif-
eration and a reduction in apoptotic cell death. Taken together, 
these results suggest that PDIA3 expression is associated with 
tumor proliferation and decreased apoptosis in HCC, and 
that increased expression of PDIA3 predicts poor prognosis. 
PDIA3 may therefore be a key molecule in the development of 
novel targeting therapies for patients with HCC.

Introduction

Hepatocellular carcinoma (HCC) is the third most common 
cause of cancer‑associated mortality worldwide and its inci-
dence rate is >20 per 100,000 individuals in East Asia (1). 
Detecting HCC early is difficult and the majority of patients 
are diagnosed at an advanced stage of the disease (2). The 
prognosis of patients suffering with HCC remains poor even 
following complete tumor resection, and recurrence occurs in 
70% of cases 5 years after resection (3). Recurrence may be 
partially predicted by evaluating the proliferation activity of 
cells in the resected tumor, assessing microvascular invasion 
and measuring serum levels of α‑fetoprotein (4,5). However, 
recurrent and metastatic cases of HCC are usually refractory 
to chemotherapy and interventional therapy, and molecular 
targeting therapy has limited efficacy in such cases (6). It is 
thus necessary to identify a novel molecule able to predict 
poor HCC prognosis and to develop novel targeting therapies 
to treat patients with HCC following tumor resection.

The comprehensive profiling of molecules expressed in 
human malignant tumors discloses their biology and pathogen-
esis. Previous studies have performed proteomic analyses of 
HCC (7‑11) and identified candidate proteins for the early diag-
nosis (7,10) and rapid progression of HCC (9,11). However, only 
a limited number of patients were examined in these studies.

Liquid chromatography‑tandem mass spectrometry 
(LC‑MS/MS) has the ability to profile a large number of 
proteins and formalin‑fixed, paraffin‑embedded (FFPE) 
samples may be used for analysis (12). This enables a retro-
spective study to identify biomarkers for the prognosis of 
patients with cancer and target molecules to treat HCC, as 
complete clinical records are available.
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The present study aimed to identify a novel biomarker 
for the prognosis of HCC by investigating the protein 
disulfide‑isomerase A3 (PDIA3), which is highly expressed in 
HCC, and to investigate the significance of any associations 
between levels of PDIA3 expression and patient clinicopatho-
logical factors.

Materials and methods

HCC cases. The FFPE tumor tissues of 86 cases of HCC were 
procured from the archives of pathology at Nippon Medical 
School Hospital (Tokyo, Japan). All patients underwent radical 
hepatic resection between January 2007 and December 2010. 
Pathological diagnoses were made following the criteria of the 
American Joint Committee on Cancer/International Union 
Against Cancer Tumor‑Node‑Metastasis classification (13). 
The present study was performed in accordance with the prin-
ciples embodied in the Declaration of Helsinki 2013, and the 
Japanese Society of Pathology Ethics Committee. Informed 
consent for the study was obtained from all patients.

Comprehensive protein profiling by LC‑MS/MS using FFPE 
tissues. FFPE tissues from 11  HCC cases were used for 
comprehensive protein profiling. Expressed proteins were 
profiled in HCC and non‑HCC tissues obtained from each 
case. Each section (10 µm thick) was deparaffinized in xylene 
and rehydrated through a graded alcohol series of 100, 90, 
80 and 70%. Following staining with hematoxylin, the HCC 
and non‑HCC tissues were dissected under a stereoscopic 
microscope. Protein was extracted from the tissues by lysis 
buffer [6 M guanidine‑hydrochloride, 40 mM Tris (pH 8.2) 
and 65 mM dithiothreitol (DTT)] and protein concentration 
was determined by the Bradford method  (14). Extracted 
protein (10 µg) was reduced in 45 mM DTT and 20 mM Tris 
(2‑carboxyethyl) phosphine hydrochloride and alkylated in 
100 mM iodoacetamide. The protein was further digested 
using proteomics‑grade trypsin (Agilent Technologies, Inc., 
Santa Clara, CA, USA) at 37˚C for 24 h and the digest was 
purified in a PepClean™ C‑18 spin column. Digested protein 
(2 µg) was injected into a peptide L‑trap column (Chemicals 
Evaluation and Research Institute, Tokyo, Japan) and further 
separated through Advanced‑nano ultra‑high‑performance 
liquid chromatography (AMR, Inc., Tokyo, Japan) using a 
reverse‑phase C‑18 column (Zaplous column α, gel particles 
3 µm diameter and 10 nm pore size, 0.1x150 mm; AMR, Inc.). 
The protein solution was run with the gradient concentration 
of acetonitrile from 5‑35% in 0.1% formic acid in acetonitrile 
at a flow rate of 500 nl/min for 2 h. An amaZon ETD Ion‑Trap 
Mass Spectrometer (Bruker Corporation, Billerica, MA, USA) 
was used to analyze eluted peptides. Data of the 10 most 
intense peaks of each full MS scan were acquired. All MS/MS 
spectral data were analyzed by MASCOT v2.3.01 (Matrix 
Science Ltd., London, UK). The following parameter settings 
were used: Trypsin cleavage; allowance of ≤2 missed cleavage 
peptides; variable modifications of methionine oxidation; 
peptide mass tolerance; fixed modifications of cysteine carb-
amidomethylation; and fragment MS/MS tolerance ± 0.5 Da. 
Amounts of identified proteins were expressed as normalized 
spectral abundance factor (15). Relative expression levels of 
identified proteins in HCC tissues relative to those in non‑HCC 

tissues were expressed as ratios of spectral counts (Rsc) in the 
base 2 logarithmic scale (16). An Rsc >1 indicated that the 
protein was upregulated in HCC tissue, while an Rsc <‑1 indi-
cated that the protein was downregulated in the HCC tissues 
compared with the non‑HCC tissues. An Rsc between ‑1 and 1 
indicated that levels of protein expression were similar in HCC 
and non‑HCC tissue.

Bioinformatic analysis. Functional properties of identified 
proteins were analyzed by the Database Annotation, Visu-
alization and Integrated Discovery (v6.7) using the Kyoto 
Encyclopedia of Gene and Genomes (KEGG) database (17). 
Relative abundance (%) of each functional category was calcu-
lated by dividing the number of proteins in each category by 
the total number of identified proteins.

Reverse‑transcription‑quantitative polymerase chain reac‑
tion (RT‑qPCR) analysis. Total RNA was extracted from FFPE 
tissues using the RNeasy FFPE kit (Qiagen, Inc., Valencia, 
CA, USA). Expression of PDIA3 mRNA and 18S rRNA as 
a reference was determined by the 7500  Fast Real‑Time 
PCR system (Thermo Fisher Scientific, Inc., Waltham, MA, 
USA) using cDNA, which was synthesized from 20 ng total 
RNA by SuperScript® III using the SuperScript® VILO™ 
cDNA Synthesis kit (Thermo Fisher Scientific, Inc.). TaqMan 
primers and probes were purchased from Thermo Fisher 
Scientific, Inc. These consisted of PDIA3 (Hs04194196) and 
18S rRNA (Hs03928990), and the details of the primers and 
probes are available at the manufacturer's website (http://www.
thermofisher.com/jp/ja/home.html). qPCR was subsequently 
performed, beginning with denaturation at 95˚C for 10 min, 
followed by 40 cycles of amplification at 95˚C for 15 sec and 
extension at 60˚C for 1 min. The level of expression of PDIA3 
mRNA was calculated as the ratio of PDIA3 mRNA to 18S 
rRNA, and PDIA3 expression in HCC tissue was further 
calculated as relative increase, compared with that in non‑HCC 
tissue using the 2‑ΔΔCq method (18). The expression levels were 
measured in triplicate.

Immunostaining and scoring. Sections 3‑µm thick were used 
for immunostaining. Following deparaffinization, sections 
were treated in Histofine® Antigen Activation Liquid (pH 9.0; 
Nichirei Biosciences, Inc., Tokyo, Japan) at 121˚C for 15 min. 
Endogenous peroxidase was blocked in 0.3% hydrogen peroxide 
and methanol for 30 min. Sections were then incubated with 
antibodies for PDIA3 (catalog no. ab13506; dilution, 1:150; 
Abcam, Tokyo, Japan) and Ki‑67 (MIB1; catalog no. M7240; 
dilution, 1:100; Dako Japan Co., Ltd., Tokyo, Japan) in phos-
phate‑buffered saline containing 1% bovine serum albumin 
(Sigma‑Aldrich Japan K.K., Tokyo, Japan) for 16 h at 4˚C. 
The sections were further incubated with the Histofine Simple 
Stain™ MAX‑PO (R; Nichirei Biosciences, Inc.) for 30 min, 
and peroxidase activity was visualized by 3,3'‑diaminobenzi-
dine. The sections were then counterstained with hematoxylin.

The intensity and proportion of stained tumor cells were 
semi‑quantitated. Cytoplasmic staining was considered a posi-
tive reaction. If no tumor cell staining occurred, intensity and 
proportion were scored as 0. Tumor cell staining intensity was 
categorized into 3 grades: 1, weak; 2, moderate; and 3, strong. 
The proportional score was divided into 3 grades: 1, <10%;  
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2, 10‑50%; and 3, >50%. The total score was calculated as the 
sum of the intensity and proportional scores. Two investigators 
evaluated the score in a blind manner. HCC tissue with a mean 
total score ≥5 was classified as having high expression and HCC 
tissue with a mean total score <5 was classified as having low 
expression. The Ki‑67 index was calculated as the percentage 
of Ki‑67‑positive cells in 1,000 tumor cells in the areas of the 
highest nuclear labeling (so‑called ‘hot spots’), which was deter-
mined using a microscope (magnification, x40).

Terminal deoxynucleotidyl transferase dUTP nick‑end labeling 
(TUNEL) assay. Apoptotic cell death of HCC was determined 
by TUNEL assay using an Apoptag® Peroxidase In Situ Apop-
tosis Detection kit (EMD Millipore, Billerica, MA, USA). 
Nuclear staining was considered a positive result. The TUNEL 
index was calculated as the percentage of TUNEL‑positive cells 
in 1,000 carcinoma cells in the areas of highest nuclear labeling 
under a microscope (magnification x40).

Statistical analysis. All data are presented as the mean ± stan-
dard error. The data of two groups were compared by the 
Mann‑Whitney U‑test. Clinicopathological parameters were 
analyzed by the χ2 test and Fisher's exact test. Cumulative 
survival rate was calculated using the Kaplan‑Meier method 
and the significance of differences in survival rate were 
analyzed by the log‑rank test. P<0.05 was considered to indicate 
a statistically significant difference. All statistical analyses were 
performed using GraphPad Prism v5.0 (GraphPad Software, 
Inc., La Jolla, CA, USA).

Results

Comprehensive profiling of proteins. A total of 378 proteins 
were identified from the FFPE tissues, 295 from the HCC tissues 
and 270 proteins in the non‑HCC tissues. A total of 187 proteins 
were identified in HCC and non‑HCC. In total, 142 proteins 
were upregulated (Rsc >1) in the HCC tissues compared with 
the non‑HCC tissues and 60 proteins were downregulated (Rsc 
<‑1; Fig. 1A). Overall, 176 proteins were equally expressed in 
the HCC and non‑HCC tissues, and housekeeping gene prod-
ucts, including β‑actin and histone H4, were equally expressed.

The functional properties of the identified proteins were 
analyzed using the KEGG database. Among the upregulated 
proteins, the most abundant functional category was antigen 
processing and presentation (Fig. 1B), and 11 proteins out of 142 
upregulated proteins (7.7%) were classified within this category 
(Table  I). None of the protein among the downregulated 
proteins (0/60, 0%) and equally expressed proteins (0/176, 0%) 
was classified in this functional category. It was thus speculated 
that the upregulation of proteins involved in antigen processing 
and presentation was a characteristic feature of HCC. Among 
11 proteins in the antigen processing and presentation category, 
the clinicopathological significance of PDIA3 in HCC is 
unknown, therefore PDIA3 expression at the mRNA level was 
investigated.

RT‑qPCR analysis of PDIA3 (data not shown). The expres-
sion of PDIA3 in HCC tissues was verified by TaqMan probes 
in 11 cases of HCC and non‑HCC. The relative expression of 
PDIA3 mRNA was significantly elevated in the HCC tissues 

(3.43±2.93) compared with the non‑HCC tissues (1.20±0.81; 
P<0.05). Protein profiling and quantitation of mRNA 
confirmed the upregulation of PDIA3 in HCC. The clinico-
pathological significance of increased PDIA3 expression was 
subsequently examined in all cases of HCC.

Cases of HCC and immunostaining of PDIA3. Immunos-
taining was performed in 86 HCC cases. Of these, 51 patients 
were men and 35 were women, with a mean age of 68 years 
(range, 34‑87). Hepatitis B surface antigen (HBsAg) was 
positive in 26 cases and hepatitis C virus (HCV) was positive 
in 51 cases. A total of 6 cases were positive for HBsAg and 
HCV. Local recurrence was noted in 47 cases and 6 patients 
exhibited metastasis to the lungs, brain and lymph nodes. 
Early recurrence or metastasis within 6 months of surgery was 
reported in 13 cases (15%).

Representative immunostaining for PDIA3 in the HCC 
and non‑HCC tissues is presented in Fig. 2A. The HCC tissues 
demonstrated potent staining for PDIA3, while the non‑HCC 
tissues exhibited weak staining (Fig. 2B). At a higher magni-
fication, cytoplasm of the non‑HCC cells exhibited a vaguely 
positive reaction (Fig. 2C), while the cytoplasm of HCC cells 
exhibited a clear positive reaction (Fig. 2D). Staining intensity 
varied among the HCC tissues; 56 cases (65%) were classified 
as high expression (Fig. 2E) and 30 cases (35%) were classified 
as low expression (Fig. 2F).

Association between PDIA3 expression and clinicopathological 
factors. Associations between PDIA3 expression and patient 
clinicopathological factors were examined in 86 cases of HCC 
(Table II). No significant correlations were observed between 
expression levels of PDIA3 and any patient characteristics. 
However, low PDIA3 was associated with poorly differentiated 
HCC and a smaller tumor size, though these associations were 
not significant (P>0.05). Local recurrence in the residual liver 
occurred in 29 cases (52%) of HCC with high expression and in 
18 cases (60%) of low expression. Distant metastasis occurred 
in 5 cases (9%) with high expression and in 1 case (3%) of low 
expression.

Disease‑free survival (DFS) and overall survival time (OS) 
of patients with HCC. The DFS and OS times significantly 
differed between HCC patients with high and low expression of 
PDIA3. OS and DFS times were significantly shorter in patients 
with high PDIA3 expression (P<0.05; Fig. 3A) compared with 
that of patients with low PDIA3 expression (P<0.05; Fig. 3B).

Ki‑67 index and TUNEL indices. Proliferation activity and 
apoptotic cell death were examined in 24  cases of HCC. 
Representative immunostaining of Ki‑67 and TUNEL in 
HCC tissues with high and low expression of PDIA3 was 
performed (Fig. 4A). The Ki‑67 index in the HCC tissues 
with high expression was significantly greater than those in 
the HCC tissues with low PDIA3 expression (P<0.05; Fig. 4B), 
indicating increased cell proliferation in HCC tissues with 
high expression of PDIA3. By contrast, the TUNEL index in 
the HCC tissues with high expression was significantly lower 
than those in the HCC tissues with low expression (P<0.05; 
Fig. 4C), indicating decreased cell apoptosis in HCC tissues 
with high PDIA3 expression.
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Discussion

In the current study, 378 proteins were identified from HCC and 
non‑HCC tissues by LC‑MS/MS. Proteins involved in antigen 
processing and presentation were the most abundant among 
the upregulated proteins, and proteins in this category were 
not detected among the downregulated and equally expressed 
proteins. These upregulated proteins, including PDIA3, are 
usually present in the endoplasmic reticulum (ER) (19) and 
the enrichment of ER proteins in HCC has been reported in 
a previous protein profiling study (7). It is therefore plausible 
that the upregulation of ER proteins is a characteristic feature 
of HCC.

Among the proteins classified in the category of antigen 
processing and presentation, the clinicopathological signifi-
cance of increased PDIA3 expression in HCC was previously 
unknown. The current study therefore examined PDIA3 

expression in HCC and investigated its association with 
various patient clinicopathological features. The DFS and 
OS times of HCC patients with high expression of PDIA3 
were significantly shorter than those of patients with low 
expression, thus PDIA3 expression may be considered as a 
potential biomarker for the poor prognosis of HCC.

PDIA3, also known as ERp57 or glucose‑regulated protein 
58 kDa, is a thiol‑oxidoreductase chaperone belonging to 
the PDI family (20). The molecule is involved in multiple 
cellular functions, including the folding of newly synthesized 
proteins and assembly of major histocompatibility complex I. 
Previous studies have reported the upregulation of PDIA3 
protein and mRNA levels in HCC (7,10), which is consistent 
with the results of the current study. However, in previous 
proteomic studies, PDIA3 was not identified as a candidate 
biomarker indicating early recurrence and metastasis of 
HCC (9,11). This may be partially due to patient selection 

Figure 1. Protein expression and functional annotation. (A) NSAF and Rsc of the identified proteins in the HCC and non‑HCC tissues. The proteins are plotted 
from the left to the right on the x‑axis in ascending order of Rsc value. A higher Rsc indicates higher expression in HCC relative to non‑HCC. (B) Relative 
abundance (%) of proteins categorized by the Kyoto Encyclopedia of Genes and Genomes. Relative abundance is the percentage of the number of annotated 
proteins in the total number of upregulated proteins. NSAF, normalized spectral abundance factor; Rsc, ratios of spectral counts; HCC, hepatocellular carci-
noma; PSME2, proteasome activator complex subunit 2; PDIA3, protein disulfide‑isomerase A3; GRP78, glucose‑regulated protein 78 kDa.

  A

  B
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Figure 2. Expression of PDIA3 in HCC tissue. (A) The representative histology of HCC with trabecular growth pattern and non‑HCC tissue. Hematoxylin 
& eosin staining (magnification, x40). (B) Intense expression of PDIA3 was observed in the HCC tissue compared with the non‑HCC tissue (magnification, 
x40). (C) Healthy hepatocytes exhibited only weak PDIA3 staining (magnification, x400). (D) Clear cytoplasmic staining occurred in HCC cells (magnifica-
tion, x400). Representative immunostaining of HCC tissue with (E) high expression and (F) low expression of PDIA3 (magnification, x400). PDIA3, protein 
disulfide‑isomerase A3; HCC, hepatocellular carcinoma.

Table I. Upregulated proteins in the antigen processing and presentation category.

	 Spectral counting
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
ID	 Protein	 AAa	  HCC	 Non‑HCC	 Rsc

HSP71	 Heat shock 70 kDa protein 1A/1B	 641	 14	 0	 3.8
HSP76	 Heat shock 70 kDa protein 6	 643	 12	 0	 3.6
1A01	 HLA class I histocompatibility antigen, A‑1 α chain	 365	   6	 0	 2.72
HS71L	 Heat shock 70 kDa protein 1‑like	   64	   5	 0	 2.51
HS90B	 Heat shock protein HSP 90‑β	 724	   5	 0	 2.51
GRP78	 78 kDa glucose‑regulated protein	 654	   8	 1	 2.23
HS90A	 Heat shock protein 90‑α	 732	   5	 1	 1.66
HSP7C	 Heat shock cognate 71 kDa protein	 646	 10	 3	 1.59
PDIA3	 Protein disulfide‑isomerase A3	 505	   6	 2	 1.34
HLAE	 HLA class I histocompatibility antigen, α chain E	 358	   1	 0	 1.03
PSME2	 Proteasome activator complex subunit 2	 239	   1	 0	 1.03

aNumber of AAs. AA, amino acid; HCC, hepatocellular carcinoma; Rsc, ratio of spectral counts; HLA, human leukocyte antigen.

  A   B

  C   D

  E   F
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Table II. Associations between clinicopathological factors and PDIA3 expression in hepatocellular carcinoma.

	 PDIA3 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 n	 High (n=56)	 Low (n=30)	 P‑value

Gender				    0.819
  Male	 51	 34	 17	
  Female	 35	 22	 13	
Age, years				    0.482
  <65	 31	 22	   9	
  ≥65	 55	 34	 21	
HBsAg				    0.806
  Positive	 26	 16	 10	
  Negative	 60	 40	 20	
HCV				    0.819
  Positive	 51	 34	 17	
  Negative	 35	 22	 13	
Cirrhosis				    0.251
  Yes	 51	 36	 15	
  No	 35	 20	 15	
Preoperative AFP, ng/ml				    1
  <20	 44	 29	 15	
  ≥20	 42	 27	 15	
Preoperative DCP, mAU/ml				    0.645
  <40 	 32	 22	 10	
  ≥40	 54	 34	 20	
Tumor size, cm				    0.143
  <5	 59	 35	 24	
  ≥5	 27	 21	   6	
Tumor number				    0.24
  1	 54	 32	 20	
  <1	 32	 24	   8	
Vascular invasion				    0.815
  Positive	 31	 21	 10	
  Negative	 55	 35	 20	
UICC stage				    0.287
  I	 35	 19	 16	
  II	 44	 31	 13	
  III	   6	   5	   1	
  IV	   1	   1	   0	
Differentiation				    0.066
  Well	 17	 15	   2	
  Moderate	 54	 31	 23	
  Poor	 15	 10	   5	
Local recurrence				    0.503
  Yes	 47	 29	 18	
  No	 39	 27	 12	
Distal metastasis				    0.66
  Yes	   6	   5	   1	
  No	 80	 51	 29	

HBsAg, hepatitis B surface antigen; HCV, hepatitis C virus; PDIA3, protein disulfide‑isomerase A3; AFP, α‑fetoprotein; DCP, des‑gamma‑car-
boxy prothrombin; UICC, Union for International Cancer Control.
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as these studies were conducted with patients in which 
recurrence and metastasis occurred within 6 months of the 
treatment, while only 15% of patients in the current study 
experienced recurrence and metastasis within this same time 
frame. Therefore, PDIA3 may not be a suitable marker for 
patients with rapidly progressing HCC.

The expression of PDIA3 has been observed in various 
types of human cancer, including ovarian, mammary, 
uterine, pulmonary and gastric cancer  (21,22). Increased 
PDIA3 expression was associated with a poor prognosis 
in adenocarcinoma of the uterine cervix  (23). However, 
its downregulation was associated with poor outcomes in 
squamous cell carcinoma of the uterine cervix (24), and loss 
of expression of PDIA3 is correlated with more aggressive 
forms of gastric cancer (25). Therefore, although PDIA3 is 
expressed in various types of cancer, the pathogenetic role 
of PDIA3 may vary among various types of human cancer, 
depending on the primary organs affected and the histology 
of the cancer.

In the present study, the shorter DFS and OS times 
observed in HCC patients with high expression of PDIA3 
appeared to be associated with an increase in proliferation 
and reduction in apoptotic cell death of cancer cells. In 
addition to its function as a chaperone, PDIA3 is involved 
in the ER stress signaling pathway, otherwise known as the 
‘unfolded protein responseʼ (20). It has been demonstrated 
that PDIA3 protects cells from ER‑stress‑induced apoptosis 
and that silencing PDIA3 induces apoptosis (26). However, 
the direct signaling pathway from PDIA3 to cell proliferation 
is not well known. Increased proliferation of HCC may, in 
part, be due to the interaction of PDIA3 with the mammalian 
target of rapamycin (mTOR) (27). The mTOR pathway serves 
an important role in the carcinogenesis of HCC (28,29) and 
increased expression of PDIA3 may induce cell proliferation 
through enhanced interaction with mTOR. Further studies 
are required to determine the precise molecular mechanism 
of cell proliferation and interaction between PDIA3 and 
mTOR in order to establish an effective targeting therapy.

Figure 3. DFS and OS times of patients with HCC. (A) The DFS time of HCC patients with high PDIA3 expression was significantly shorter (P=0.041) than 
that of HCC patients with low expression. (B) The OS time of HCC patients with high PDIA3 expression was also significantly shorter (P=0.011) than that of 
HCC patients with low expression. DFS, disease‑free survival; OD, overall survival; HCC, hepatocellular carcinoma; PDIA3, protein disulfide‑isomerase A3.

  A

  B
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In conclusion, the present study performed comprehen-
sive protein profiling of HCC by LC‑MS/MS using FFPE 
tissues and determined that expression was upregulated in 
HCC. Increased PDIA3 expression predicted poor prognosis 
and was associated with an increase in cell proliferation and 
a reduction of apoptosis. To the best of our knowledge, the 
current study is the first to demonstrate the significance of 
PDIA3 in the prognosis of HCC, and may enable an effec-
tive targeting strategy to be developed to treat patients with 
refractory and metastatic HCC.
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