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Abstract. Hepatocellular carcinoma (HCC) has a high 
mortality rate, which imposes a huge burden on patients and 
society. Glypican‑1 (GPC1) is considered to be an ideal diag‑
nostic marker. The present study aimed to investigate GPC1 
expression in HCC, its association with clinicopathological 
factors and its prognostic significance in HCC progression. 
Reverse transcription‑quantitative PCR, western blotting and 
immunohistochemical staining were used to investigate GPC1 
expression in 175 HCC and paired normal tissues, and in HCC 
and normal cells. Serolo2gical levels of GPC1 were examined 
via enzyme‑linked immunosorbent assay in patients with HCC. 
Kaplan‑Meier survival analysis and Cox regression analysis 
were used to assess the prognostic significance of GPC1. The 
present results suggested that GPC1 expression was upregu‑
lated in HCC tissues, especially in metastatic HCC. Similar 
results were observed in HCC cell lines. Serum GPC1 was 
higher in patients with HCC than in healthy controls (HCs). 
Patients with high GPC1 expression had shorter recur‑
rence‑free survival (RFS) and disease‑specific survival (DSS) 
times compared with those with low GPC1 expression. In 
addition, high GPC1 expression was significantly associated 
with tumor size and Tumor‑Node‑Metastasis (TNM) stage 
(P<0.05). Furthermore, tumor size, TNM stage and GPC1 
expression were independent predictive factors for RFS and 
DSS in patients with HCC. In conclusion, the present results 
revealed that high GPC1 expression was closely associated 

with a poor prognosis in patients with HCC and that it may 
therefore be used as a potential target for accurate diagnosis 
and treatment of HCC.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
tumor among all malignant tumors worldwide, but its mortality 
rate was the second highest among all malignant tumors in 
2015 (1). More than half of all HCC cases and HCC‑associated 
deaths occur in China (2). Patients with HCC often have viral 
cirrhosis background, and their liver function and liver reserve 
are abnormal and damaged (3). In China, only 30‑40% of 
patients with HCC have the opportunity to undergo radical 
tumor resection (4). Therefore, it is of great clinical impor‑
tance to identify specific early diagnostic indicators for HCC 
to improve the therapeutic efficacy in HCC, as well as the 
overall prognosis and quality of life of patients with HCC.

Glypican‑1 (GPC1) is a member of the phosphatidylino‑
sitol family (GPC1‑6) and is a heparan sulfate glycoprotein 
that is anchored to the outer cell membrane by binding to the 
C‑terminus of glycosylphosphatidyl alcohol (5). Melo et al (6) 
studied GPC1 expression in the peripheral blood of 190 patients 
with pancreatic ductal adenocarcinoma and 100 healthy 
volunteers; it was revealed that GPC1 was highly expressed 
in patients with cancer compared with healthy volunteers, and 
the larger the diameter and volume of the tumor, the higher the 
positive rate of GPC1 detected. The specificity and sensitivity 
of GPC1 in the diagnosis of early pancreatic cancer reached 
100%, suggesting that it is an ideal early marker of pancreatic 
cancer (6). Another study demonstrated that 75% (24/32) of 
patients with pancreatic cancer exhibited positive GPC1 
expression in the peripheral blood, suggesting that GPC1 is 
upregulated in patients with pancreatic cancer, as well as in 
other types of tumor (6‑8). Furthermore, GPC1 circulating 
exosomes (crExos) can be used for the early diagnosis and 
treatment of pancreatic cancer, and GPC1 crExos in pancreatic 
precancerous lesions was significantly increased compared 
with normal pancreatic tissues (9). However, the expression 
pattern of GPC‑1 in patients with HCC remains unclear. 
Therefore, the association between GPC‑1 expression and 
malignant development of HCC remains to be further studied.
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In the present study, GPC1 expression was investigated in 
HCC tissues and cell lines and was detected in the peripheral 
circulation of patients with HCC. In addition, the association 
between GPC1 expression in HCC and the survival rate and 
clinical prognosis in patients with HCC was analyzed.

Materials and methods

Patients and tissue samples. HCC tissues, paired adjacent 
tissues (distance from tumor tissue is >5 cm) and peripheral 
blood samples were collected from 175 patients with HCC 
who underwent surgical resection at The Second Affiliated 
Hospital of Chongqing Medical University (Chongqing, China) 
between October 2011 and May 2013 (mean age, 64 years; 
age range, 32‑81 years; 94 males and 81 females) (Table I). 
In addition, 27 hepatic hemangioma (HH) and 27 healthy 
control (HC) samples (the HC tissues were not from the same 
patients) were collected at The Second Affiliated Hospital of 
Chongqing Medical University (Chongqing, China). The corre‑
sponding clinicopathological data were obtained from The 
Second Affiliated Hospital of Chongqing Medical University 
(Chongqing, China). Patients with HCC were followed up to 
5 years post‑surgery to evaluate their survival rate. Patients 
were followed up by phone every 3 months and the total 
duration of follow up was 97 months. The present study was 
approved by the Ethics Committee of The Second Affiliated 
Hospital of Chongqing Medical University and was conducted 
in accordance with the Declaration of Helsinki.

Cell lines. The human HCC Hep3B, MHCC‑97H, MHCC‑97L 
and Huh‑7 cell lines, and the normal liver THLE‑2 cell line 
were obtained from The Cell Bank of Type Culture Collection 
of the Chinese Academy of Sciences. HCC cell lines were 
cultured in high‑glucose DMEM with 10% FBS, and the 
normal liver THLE‑2 cell line was cultured in Bronchial 
Epithelial Cell Growth Medium (BEGM) with 10% FBS (all 
Gibco; Thermo Fisher Scientific, Inc.) and 100 U/ml penicillin 
and streptomycin All cells were cultured in a humidified 
incubator at 37˚C with 5% CO2.

Enzyme‑linked immunosorbent assay (ELISA). Blood samples 
(5 ml blood was collected) were centrifuged. The whole blood 
was kept for 30 min and centrifuged at 2,000 x g for 20 min 
at room temperature, and serum and plasma components were 
stored as aliquots at ‑80˚C until further use. An ELISA kit 
(cat. no. ELH‑GPC1; RayBiotech, Inc.) was used to measure 
the levels of serum GPC1. According to the manufacturer's 
protocol, a monoclonal antibody specific for GPC1 was 
coated onto the wells of the microtiter strips. Subsequently, 
diluted samples, including standards of known GPC1 content, 
control specimens and unknowns, were pipetted into these 
wells, followed by the addition of a second biotinylated 
monoclonal antibody. Next, streptavidin‑peroxidase was 
added to complete the four‑member sandwich. After incuba‑
tion at room temperature for 30 min and washing steps, the 
3,3',5,5'‑tetramethylbenzidine substrate solution was added, 
which reacted with the enzyme antibody‑target complex to 
produce measurable signals. The optical density values were 
measured at 450 nm using a microplate reader (Bio‑Rad 
Laboratories, Inc.).

RNA extraction and reverse transcription‑quantitative (RT‑q)
PCR. Total RNA from HCC tissues, adjacent tissues, cell lines 
and HH tissues was extracted using TRIzol® reagent (Takara 
Bio, Inc.). PrimeScript RT reagent (Takara Bio, Inc.) was used 
for RT to cDNA, and RT‑qPCR was performed using SYBR 
Premix Ex Taq II (Takara Bio, Inc.) using a LightCycler system 
(Roche Diagnostics). The temperature protocol for RT was as 
follows: 30˚C for 10 min, followed by 47˚C for 40 min and 75˚C 
for 30 min. The primer sequences of GPC1 were as follows: 
Forward, 5'‑CGG CCC CGC CAT GGA GCT CC‑3' and reverse, 
5'‑GGC AGT TAC CGC CAC CGG GG‑3'. GAPDH forward, 
5'‑GCA CCG TCA AGG CTG AGA AC‑3' and reverse, 5'‑TGG 
TGA AGA CGC CAG TGG A‑3'. The following thermocycling 
conditions were used for qPCR: Initial denaturation at 92˚C for 
10 min, followed by 40 cycles of 95˚C for 15 sec and 65˚C for 
30 sec, and a final extension step at 72˚C for 30 sec. GAPDH 
was used as an internal reference, and the mRNA expression 
levels of GPC1 were analyzed using the 2‑ΔΔCq method (10).

Western blotting. Total protein from HCC cell lines, a normal 
liver cell line (1x106) and tissues (Hep3B, MHCC‑97H, 
MHCC‑97L, Huh‑7, THLE‑2 cell lines, HCC and paired adja‑
cent tissues) was extracted using RIPA lysis buffer. Protein 
was quantified using the Bradford protein assay (Bio‑Rad 
Laboratories, Inc.) with a Nanodrop spectrophotometer and 
an equal amount (35 µg) was added to each well of 10% gels 
and resolved by SDS‑PAGE. The samples were transferred to 
polyvinylidene difluoride membranes. The membranes were 
blocked with 5% skimmed milk powder at room temperature 
for 1 h. Next, the membranes were probed at 4˚C overnight, 
using the following primary antibodies: GPC1 (1:1,500; cat. 
no. ab199343; Abcam) and β‑actin (1:5,000; cat. no. ab8227; 
Abcam). Subsequently, the membranes were incubated with 
a horseradish peroxidase‑conjugated secondary antibody 
(1:5,000; cat. no. ab6721; Abcam) at room temperature for 1 h. 
Protein bands were visualized using an enhanced chemilumi‑
nescence solution (EMD Millipore) and a ChemiDoc Imaging 
system (Bio‑Rad Laboratories, Inc.). Protein expression was 
semi‑quantified using the Quantity One v4.6.6 software 
(Bio‑Rad Laboratories, Inc.). β‑actin was used as an internal 
reference.

Immunohistochemical staining. The collected 175 HCC 
tissues were made into tissue microarrays. The tissue was fixed 
in 4% paraformaldehyde at room temperature for 24 h and 
embedded in paraffin. Sections were deparaffinized in xylene 
I for 15 min and xylene II for 15 min at 37˚C, and rehydrated 
in a graded ethanol series (100, 95, 80 and 75% ethanol for 
5 min each). Subsequently, the sections were incubated with 
3% H2O2 for 30 min at 37˚C and for 15 min at 37˚C with 5% 
goat serum (Origene Technologies, Inc.) to block non‑specific 
binding, followed by incubation with a rabbit monoclonal 
anti‑GPC1 antibody (1:1,000; cat. no. ab55971; Abcam) at 
4˚C overnight. Next, the sections were incubated with an 
anti‑rabbit secondary biotin labelled IgG antibody (1:100; cat. 
no. SAP‑9100; Origene Technologies, Inc.) at 37˚C for 30 min. 
After washing with PBS, the visualization signal was detected 
using 3,3'‑diaminobenzidine (Boster Biological Technology) 
and counterstaining was performed using hematoxylin at 
room temperature for 5 sec.
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GPC1 immunostaining was scored and examined by two 
double‑blinded pathologists. All tissues observed using a light 
microscope at a magnification of x200 were manually scored 
based on the percentage of positive cells and the intensity to 
determine the final staining scores. The scoring parameters 
included staining intensity (according to the color development 
degree of the positive markers; Light yellow, indicating weak 
positive; brown yellow, medium positive; and brown black, 
strong positive) (range, 0‑3: 0, no staining; 1, weak; 2, moderate; 
and 3, strong) and the percentage of positive cells (range, 0‑4: 

0, <5; 1, 6‑25; 2, 26‑50; 3, 51‑75; and 4, 76‑100%). Slides with 
a total score <4 were defined as low GPC1 expression, while 
slides with a score ≥4 were defined as high GPC1 expression.

Statistical analysis. The data were analyzed using SPSS v22.0 
(IBM Corp.) and GraphPad Prism v6.0 (GraphPad Software, 
Inc.). GPC1 expression was presented as the mean ± SD. All 
experiments were repeated 3 times. Statistical differences 
among multiple groups were analyzed using one‑way ANOVA 
followed by Tukey's post hoc test. The significance of GPC1 
was examined using paired or unpaired Student's t‑test. The 
association between clinicopathological parameters and GPC1 
expression was analyzed using χ2 test. Kaplan‑Meier, log‑rank 
tests and Cox regression for univariate and multivariate 
analysis were used to analyze the prognostic significance of 
GPC1 expression. RFS was recorded as the time from liver 
tumor resection removal to liver tumor recurrence. DSS was 
recorded as the time from cancer diagnosis to death from 
cancer or to the follow‑up deadline. P<0.05 was considered to 
indicate a statistically significant difference.

Results

GPC1 expression in HCC tissues and cells. GPC1 expression 
in HCC tissues and cell lines was analyzed via RT‑qPCR. The 
results revealed that GPC1 expression was significantly higher 
in HCC tissues compared with that in paired normal adjacent 
tissues (P<0.01; Fig. 1A). Furthermore, GPC1 expression was 
significantly increased in aggressive HCC tissues (tumors with 
distant metastasis) compared with that in non‑aggressive HCC 
tissues (tumors with no distant metastasis) (P<0.05; Fig. 1B). 
However, there was no significant difference in the expression 
levels of GPC1 between HH and HC tissues (P>0.05; Fig. 1C). 
Western blotting results revealed that GPC1 protein expression 
was higher in HCC tissues compared with that in their paired 
normal adjacent tissues (Fig. 1D and E).

In addition, GPC1 expression was higher in HCC cell 
lines compared with that in the normal liver cell line and 
GPC1 expression was higher in cells with high malignancy 
(MHCC‑97H cells had high metastatic ability compared with 
the other cell lines tested) (Fig. 2A and B).

Serum levels of GPC1 in patients with HCC and HH, and in 
HCs. Subsequently, the serum levels of GPC1 were analyzed 
in HCC, HH and HC samples. As shown in Fig. 3A, the serum 
levels of GPC1 in HCC samples were significantly higher than 
in HC samples (P<0.05). However, there was no significant 
difference in the serum levels of GPC1 between HH and HC 
samples (P>0.05; Fig. 3B). Furthermore, higher serum levels 
of GPC1 were detected in stage III/IV HCC samples than in 
stage I/II HCC samples (P<0.05; Fig. 3C). The serum levels 
of GPC1 were higher in tumors >5 cm in size than in tumors 
<5 cm in size. There was no significant difference between 
stage III/IV or >5 cm in HC samples (P<0.05; Fig. 3D).

Associations between GPC1 expression and clinicopatholog‑
ical features in patients with HCC. The present results revealed 
that GPC1 expression was high in 124/175 HCC samples 
(70.9%) and low in 51/175 HCC samples (29.1%) (Table I), 
and GPC1 was mainly expressed in the cytoplasm and cell 

Table I. Association between GPC1 expression and clinico‑
pathological features of patients with hepatocellular carcinoma 
(n=175).

 GPC1 expression
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
  Low High
Variables N  (n=51) (n=124) P‑value

Age, years    0.765
  <50 82 23 59 
  ≥50 93 28 65 
Sex    0.895
  Male 94 27 67 
  Female 81 24 57 
Tumor size, cm    0.011
  ≤5 87 33 54 
  >5 88 18 70 
AFP, ng/ml    0.456
  ≤20 68 22 46 
  >20 107 29 78 
Liver cirrhosis    0.849
  Present 101 30 71 
  Absent 74 21 53 
HBsAg    0.883
  Positive 98 29 69 
  Negative 77 22 55 
TNM stage    0.033
  I/II 81 30 51 
  III/IV 94 21 73 
Vascular invasion    0.520
  Positive 106 29 77 
  Negative 69 22 47 
Multiplicity    0.960
  Single 99 29 70 
  Multiple (≥2) 76 22 54 
Intrahepatic metastasis    0.532
  Positive 100 31 69 
  Negative 75 20 55 

AFP, α‑fetoprotein; HBsAg, hepatitis B virus surface antigen; GPC1, 
glypican‑1; TNM, Tumor‑Node‑Metastasis (29). Immunohistochemical 
staining score <4 were defined as low GPC1 expression, while immuno‑
histochemical staining score ≥4 were defined as high GPC1 expression.
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membrane (Fig. 4A and B). As shown in Table I, GPC1 expres‑
sion was positively associated with tumor size (P=0.011) and 
Tumor‑Node‑Metastasis (TNM) stage (P=0.033). However, 
there were no significant differences between GPC1 expres‑
sion and age, sex, α‑fetoprotein levels, liver cirrhosis, hepatitis 
B virus surface antigen, vascular invasion, multiplicity and 
intrahepatic metastasis (all P>0.05; Table I).

Association between GPC1 expression and recurrence‑free 
survival (RFS) in patients with HCC. Kaplan‑Meier survival 
analysis revealed that the RFS time was significantly shorter in 
patients with HCC with high GPC1 expression compared with 

that in patients with low GPC1 expression in HCC (P=0.003; 
Fig. 5A). In addition, the univariate analysis revealed that 
tumor size [hazard ratio (HR)=1.561; P=0.041], TNM stage 
(HR=1.609; P=0.019) and GPC1 expression (HR=1.579; 
P=0.009) were significantly associated with RFS in patients with 
HCC (Table II). The multivariate analysis revealed that tumor 
size (HR=1.773; P=0.047), TNM stage (HR=1.473; P=0.025) 
and GPC1 expression (HR=1.311; P=0.007) were independent 
prognostic factors for RFS in patients with HCC (Table II).

Association between GPC1 expression and disease‑specific 
survival (DSS) in patients with HCC. Kaplan‑Meier survival 

Figure 1. GPC1 expression in HCC, HH and HC tissues measured by reverse transcription‑quantitative PCR and WB. (A) Relative mRNA expression of GPC1 
in HCC and paired normal adjacent tissues. (B) Relative mRNA expression of GPC1 in aggressive (metastasis) and non‑aggressive (non‑metastasis) HCC 
tissues. (C) Relative mRNA expression of GPC1 in HH and HC tissues. (D) GPC1 protein expression in HCC and paired normal adjacent tissues analyzed 
via WB and (E) its relative quantification. *P<0.05, **P<0.01; analyzed by paired t‑test (A) and unpaired t‑test (B) and (C) HCC, hepatocellular carcinoma; 
WB, western blotting; HH, hepatic hemangioma; HC, healthy control; GPC1, glypican‑1; T, tumor; N, non‑tumor.

Figure 2. GPC1 expression in HCC and normal liver cells measured by reverse transcription‑quantitative PCR and western blotting. (A) Relative mRNA expression 
of GPC1 in four HCC cell lines and the normal human liver THLE‑2 cell line, which served as a control. (B) GPC1 protein expression in four HCC cell lines and 
the normal human hepatocyte cell line THLE‑2, which served as a control. *P<0.05 and **P<0.01 vs. THLE‑2. HCC, hepatocellular carcinoma; GPC1, glypican‑1.
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analysis revealed that the DSS time was significantly shorter in 
patients with HCC with high GPC1 expression compared with 
that in patients with low GPC1 expression (P=0.002; Fig. 5B). 
In addition, the univariate analysis revealed that tumor size 
(HR=1.204; P=0.039), TNM stage (HR=1.342; P=0.022) and 
GPC1 expression (HR=1.770; P=0.017) were significantly 
associated with DSS in patients with HCC (Table III). 
Similarly, the multivariate analysis revealed that tumor size 

(HR=1.119; P=0.031), TNM stage (HR=1.554; P=0.028) and 
GPC1 expression (HR=1.883; P=0.014) were independent 
prognostic factors for DSS in patients with HCC (Table III).

Discussion

In 2015, HCC was one of the most common malignant 
tumors globally (1). Poor prognosis is an important biological 

Figure 3. Serum levels of GPC1 in patients with HCC and HH, and in HCs measured via enzyme‑linked immunosorbent assay. (A) Serum levels of GPC1 in 
HCC and HC samples. (B) Serum levels of GPC1 in HH and HC samples. (C) Serum levels of GPC1 in patients with different stage HCC. (D) Serum levels of 
GPC1 in patients with tumors of different sizes. *P<0.05, **P<0.01; (A) analyzed by paired Student's t‑test; (B, C and D) analyzed by unpaired Student's t‑test. 
HCC, hepatocellular carcinoma; HH, hepatic hemangioma; HC, healthy control; GPC1, glypican‑1.

Figure 4. Immunohistochemical staining of GPC1 expression in HCC and paired non‑tumor tissues. (A) High GPC1 expression in HCC and paired normal adjacent 
tissues. (B) Low GPC1 expression in HCC and paired normal adjacent tissues. Magnification, x50 and x200. HCC, hepatocellular carcinoma; GPC1, glypican‑1.
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Table II. Univariate and multivariate analysis of different prognostic variables influencing recurrence‑free survival in patients 
with hepatocellular carcinoma (n=175).

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables N HR (95% CI)  P‑value HR (95% CI) P‑value

Sex  0.967 (0.337‑1.285) 0.604  
  Male 94    
  Female 81    
Age, years  0.618 (0.590‑1.844) 0.594  
  <50 82    
  ≥50 93    
Tumor size, cm  1.561 (0.864‑2.349) 0.041 1.773 (0.617‑1.968) 0.047
  ≤5 87    
  >5 88    
AFP, ng/ml  1.135 (0.884‑1.973) 0483  
  ≤20 68    
  >20 107    
HBsAg  1.373 (1.075‑3.600) 0.894  
  Positive 98    
  Negative 77    
TNM stage  1.609 (1.224‑3.884) 0.019 1.473 (0.674‑3.048) 0.025
  I/II 81    
  III/IV 94    
Liver cirrhosis  0.564 (1.647‑3.557) 0.550  
  Present 101    
  Absent 74    
Vascular invasion  0.667 (1.478‑3.647) 0.664  
  Positive 106    
  Negative 69    
Multiplicity  1.542 (0.739‑1.647) 0.940  
  Single 99    
  Multiple (≥2) 76    
Intrahepatic metastasis  1.672 (0.590‑3.027) 0.393  
  Positive 100    
  Negative 75    
GPC1 expression  1.579 (0.831‑2.947) 0.009 1.311 (0.773‑2.647) 0.007
  High 124
  Low 51    

HR, hazard ratio; AFP, α‑fetoprotein; HBsAg, hepatitis B virus surface antigen; GPC1, glypican‑1; TNM, Tumor‑Node‑Metastasis (29). 
Immunohistochemical staining score <4 were defined as low GPC1 expression, while immunohistochemical staining score ≥4 were defined as 
high GPC1 expression.

Figure 5. Kaplan‑Meier survival curves of patients with HCC according to their GPC1 expression. (A) Kaplan‑Meier analysis of recurrence‑free survival 
between patients with HCC with high and low GPC1 expression. (B) Kaplan‑Meier analysis of disease‑specific survival between patients with HCC with high 
and low GPC1 expression. GPC1, glypican‑1.
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characteristic of HCC (11). Notably, recurrence and metastasis 
of HCC remain the main causes of failure of HCC treatment, 
which imposes a heavy burden on families and society (3). 
Recent studies revealed that the cause of a poor prognosis in 
patients with HCC is a complex process, involving numerous 
regulatory factors, including genetic mutations, cell surface 
signaling molecules and adhesion changes caused by epigen‑
etic changes in tumor cells and normal liver cells, abnormal 
cell metabolism and changes in tumor cells and their 
surrounding microenvironment (12,13). Although existing 
treatments can improve the quality of life and survival time 
of patients with HCC, the overall survival rate of patients 

remains unsatisfactory (14). In the present study, the asso‑
ciation between GPC1 expression and HCC was analyzed, 
and preliminarily explored the relationship between GPC1 
and poor prognosis of patients with HCC. The current study 
provided objective scientific evidence and novel molecular 
targets for the diagnosis and treatment of HCC.

A study has demonstrated that GPC1 can act as a nega‑
tive regulator of the sonic hedgehog signaling pathway during 
biliary development, and that low GPC1 expression leads to 
biliary developmental damage and biliary atresia (15). GPC1 
inhibits metaphase and centrosome production and it mediates 
the activation of nitric oxide synthase to protect endothelial 

Table III. Univariate and multivariate analysis of different prognostic variables influencing disease‑specific survival in patients 
with hepatocellular carcinoma (n=175).

 Univariate analysis Multivariate analysis
 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables N HR (95% CI)  P‑value HR (95% CI) P‑value

Sex  0.704 (0.507‑1.132) 0.589  
  Male 94    
  Female 81    
Age, years  0.804 (0.660‑1.484) 0.377  
  <50 82    
  ≥50 93    
Tumor size, cm  1.204 (0.531‑1.678) 0.039 1.119 (0.698‑1.840) 0.031
  ≤5 87    
  >5 88    
AFP, ng/ml  0.947 (1.337‑2.607) 0483  
  ≤20 68    
  >20 107    
HBsAg  1.078 (0.576‑1.628) 0.631  
  Positive 98    
  Negative 77    
TNM stage  1.342 (0.931‑2.741) 0.022 1.554 (0.846‑2.478) 0.028
  I/II 81    
  III/IV 94    
Liver cirrhosis  1.360 (0.874‑2.337) 0.981  
  Present 101    
  Absent 74    
Vascular invasion  1.686 (1.207‑2.947) 0.573  
  Positive 106    
  Negative 69    
Multiplicity  0.884 (0.514‑1.972) 0.830  
  Single 99    
  Multiple (≥2) 76    
Intrahepatic metastasis  1.047 (1.369‑3.840) 0.796  
  Positive 100    
  Negative 75    
GPC1 expression  1.770 (1.604‑3.943)  0.017 1.883 (1.530‑3.647) 0.014
  High 124    
  Low 51    

HR, hazard ratio; AFP, α‑fetoprotein; HBsAg, hepatitis B virus surface antigen; GPC1, glypican‑1; TNM, Tumor‑Node‑Metastasis (29). 
Immunohistochemical staining score <4 were defined as low GPC1 expression, while immunohistochemical staining score ≥4 were defined as 
high GPC1 expression.
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function (16‑18). Since GPC1 serves an important role in the 
heparin‑binding growth factors, Wnt and sonic hedgehog 
signaling pathways, it is widely involved in precancerous 
lesions of various types of pancreatic ductal adenocarci‑
noma (PDAC) and HCC (19‑21). A large number of studies have 
demonstrated that GPC1 enhances the mitogenic responses of 
pancreatic ductal adenocarcinoma cells to fibroblast growth 
factor‑2, heparin‑binding epidermal growth factor and hepato‑
cyte growth factor as a growth factor co‑receptor, and serves 
a crucial role in the malignant progression of oesophageal 
squamous cell carcinoma and PDAC (22‑24). Abnormal 
GPC1 upregulation was observed in glioma, prostate cancer 
and esophageal squamous cell carcinoma (5‑7). Furthermore, 
GPC1 is considered as an important prognostic biomarker 
for PDAC (9). High GPC1 expression is associated with 
poorer differentiation and larger tumor diameters in PDAC, 
indicating that the abnormally high GPC1 expression may 
serve important roles in tumorigenesis (25).

It has been reported that GPC1 crExos in the circulatory 
system may serve as reliable targets for the early diagnosis 
of PDAC, and may be used to predict the progression and 
prognosis in patients with PDAC (26). Levels of GPC1 crExos 
in patients with histologically proven precursor pancreatic 
cancer and PDAC are significantly higher compared with 
those in patients with benign pancreatic disease and in healthy 
controls (26). Notably, even for early PDAC, GPC1 crExos 
exhibited almost 100% sensitivity and specificity, indicating its 
outstanding potential for the early detection of PDAC (27,28).

The present findings in HCC are similar to those previously 
observed in PDAC. Tissue and blood samples were collected 
from patients with HCC, and the expression levels of GPC1 were 
analyzed by western blotting, RT‑qPCR, immunohistochemistry 
and ELISA. The current results revealed that GPC1 expression 
was significantly higher in HCC compared with matched adja‑
cent tissues. Via analyzing the clinical features of patients with 
HCC with different expression levels of GPC1, it was demon‑
strated that GPC1 expression was associated with tumor size and 
TNM stage. Furthermore, patients with HCC with high GPC1 
expression exhibited a poorer prognosis compared with patients 
with low GPC1 expression. GPC1 expression, TNM stage and 
tumor size appeared to be independent risk factors for RFS and 
DSS in patients with HCC. The present results demonstrated 
that GPC1 may be a potentially valuable biomarker to predict 
recurrence and survival in patients with HCC. In addition, 
tumors of patients with HCC with high GPC1 expression may 
exhibit more malignant biological characteristics. In conclusion, 
the current results supported GPC1 as a molecular target for 
predicting, diagnosing and treating HCC. High GPC1 expres‑
sion was closely associated with a poor prognosis in patients 
with HCC. Therefore, GPC1 may be used as an independent 
prognostic factor and a promising therapeutic target for HCC.
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