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Abstract
AIM: To evaluate the diagnostic value of glypican-3 
(GPC3) in serum and liver for primary hepatocellular 
carcinoma (HCC). 

METHODS: Serum levels of GPC3 and α-fetoprotein 
(AFP) were measured in 75 patients with primary HCC 
and 32 patients with liver cirrhosis. Expression of GPC3 
and AFP in 58 HCC and 12 cirrhotic specimens was de-
tected with immunohistochemical staining. 

RESULTS: When the cut-off value of serum GPC3 was 
set at 300 ng/L, its sensitivity and specificity for HCC 
were 47.0% and 93.5%, respectively. Among the 14 pa-
tients with HCC at stage according to the Barcelona Clinic 

Liver Cancer staging system, the serum GPC3 level was 
higher than 300 ng/L in 50% (7/14) patients, the serum 
AFP level was not ≥ 400 μg/L in any patient. Combined 
serum AFP and GPC3 significantly increased the sensitiv-
ity to the diagnosis of HCC. The GPC3 expression was 
detected in cytoplasm of HCC cells but not in hepato-
cytes and bile ducts of benign tumors. Among the 58 
HCC patients, the GPC3 was expressed in 100% (28/28) 
patients with their serum AFP level ≥ 400 μg/L, and in 
90% (27/30) patients with their AFP level < 400 μg/L,  
respectively. The GPC3 was weakly or negatively ex-
pressed in all paracarcinomatous and cirrhotic tissue 
samples. AFP positive HCC cells were only found in 1 out 
of the 58 HCC patients. 

CONCLUSION: GPC3 protein is a sensitive and specif-
ic serum marker for diagnosis of early HCC. Its expres-
sion in liver tissues can be used to discriminate tumor 
cells from benign hepatic cells. 

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
The prognosis of  patients with primary hepatocellular 
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carcinoma (HCC) is generally very poor with a 5-year 
survival rate of  less than 10%-15% since most of  them 
are diagnosed at their late stage using current strategy[1,2]. 
Surgical resection is still the most used treatment op-
tion for the diagnosed HCC patients[3]. Therefore, early 
detection and diagnosis of  HCC would be of  great clini-
cal benefit. Screening strategy is to identify small tumors 
that may be successfully treated. Currently in China, 
detection of  serum α-fetoprotein (AFP) and ultrasound 
examination every 6 mo in patients with liver cirrhosis 
have been recommended[4,5]. Since elevated serum AFP 
level is correlated with the occurrence of  HCC, screening 
and surveillance for HCC in high-risk patients through 
periodic measurement of  AFP have been proposed since 
the 1980s[5-7]. The cut-off  value for HCC diagnosis in 
China is set at 400 μg/L according to the guidelines of  
clinical diagnosis and staging criteria for primary HCC 
established by Chinese Society of  Liver Cancer in 2001[8]. 
However, 25%-30% of  the diagnosed HCC patients have 
a normal AFP level (< 20 μg/L) or 40%-50% of  HCC 
patients have a lower serum AFP level (> 20 μg/L -  
< 400 μg/L)[1,2]. On the other hand, the AFP level can 
reach 2500 μg/L in around 20%-25% of  patients with 
chronic hepatitis, liver cirrhosis and other liver disease[9-11]. 
Although ultrasonography has been widely used in clini-
cal screening of  HCC, it is highly dependent on the ex-
perience of  its operator[3,5]. Therefore, as AFP and ultra-
sonography only play a limited role in screening of  HCC, 
some candidate biomarkers can be used in diagnosis of  
HCC including glypican-3 (GPC3). GPC3 is a heparan 
sulfate proteoglycan that is bund to the cell surface by 
glycosylphosphatidylinositol anchors (GPI) and highly 
expressed in fetal but not in adult liver. It has been shown 
that GPC3 is closely related to HCC[9,12]. It was reported 
that the frequency of  GPC3 expression in AFP-negative 
HCC patients is as high as 90%, suggesting that it can be 
used in diagnostic of  HCC[13,14]. However, serum GPC3 
and its expression in liver tissue of  patients with HCC at 
different stages have not been fully investigated. There-
fore, the value of  serum GPC3 expression in tumor/para
carcinomatous tissue for the diagnosis of  HCC was ex-
plored in this study. 

MATERIALS AND METHODS
Patients
One hundred and seven patients admitted to Beijing 
Youan Hospital, Capital Medical University from January 
2006 to December 2008 were recruited in this study and 
divided into HCC group (n = 75) and liver cirrhosis group 
(n = 32) with a male to female ratio of  55:20 and 24:8, 
respectively. HCC was diagnosed based on at least one 
of  the following criteria in the guidelines of  clinical diag-
nosis and staging for primary hepatocellular carcinoma 
established by Chinese Society of  Liver Cancer, 2001[8]: 
(1) hepatic space-occupying lesion with a serum AFP 
level ≥ 400 μg/L; and (2) serum AFP level < 400 μg/L  
but with new hepatic space occupying lesions, arterial 

phase enhancement on computed tomography or mag-
netic resonance imaging. HCC was staged according to 
the Barcelona Clinic Liver Cancer (BCLC) staging sys-
tem[15]. Liver cirrhosis was diagnosed based on physical 
examination, laboratory test, and B-ultrasonography or 
computed tomography (CT) scan. Patients in liver cir-
rhosis group were followed up at least for 2 years. The 
study was approved by the Ethical Committee of  Beijing 
Youan Hospital, Capital Medical University. Investiga-
tors explained in detail to all the patients and/or their 
relatives. Written consent was obtained from all patients 
when they were recruited.

Serum and liver tissue samples
Serum samples were collected from the patients. HBV 
and HCV infectious markers were detected in clinical 
laboratory. HBV infection was determined by the pres-
ence of  HBsAg using reagents from Roche Diagnostics-
China (Shanghai, China) and HBV-DNA from Kehua 
(Shanghai, China). HCV infection was determined by the 
presence of  anti-HCV using reagents from Diasorin Ltd. 
(Shanghai, China) and HCV-RNA from Da An Gene Co. 
Ltd., Sun Yat-Sen University (Guangzhou, China). The 
serum samples were stored at -20℃ for the measurement 
of  serum AFP and GPC3 levels. Liver tissue specimens 
and needle biopsies from 58 HCC and 12 cirrhotic pa-
tients were fixed in 4% polyoxymethylene and embedded 
in paraffin. 

Measurement of serum AFP and GPC3 level
Serum AFP and GPC3 levels were measured by electro-
chemiluminescence (Abbott, USA) and enzyme-linked im-
munosorbent assay (ELISA; BioMosaics Company, USA), 
respectively, following their manufacturer’s instructions. 
The value of  optical density (OD) was detected using a 
spectrophotometer (Multiskan Ascent V1.24, Switzer-
land).

Detection of AFP and GPC3 expression with immunohis-
tochemistry staining
Expression of  GPC3 in liver tissue and needle liver biopsy 
samples was detected with immunohistochemistry (IHC) 
staining. The slides were reviewed to confirm the diag-
nosis of  HCC according to the guidelines of  WHO cri-
teria[16]. A mouse monoclonal anti-GPC3 antibody (clone 
number: sc-65443 1G12, Santa Cruz Inc., USA) and a 
mouse polyclonal anti-AFP antibody (Neomarker Inc., 
USA) were used in IHC staining. Normal mouse serum 
served as a negative control. Briefly, tissue sections were 
deparaffinized, rehydrated, and antigen was retrieved using 
heat-induced epitope in a 10 mmol/L citrate buffer, pH 6.0. 
After blocked with peroxidase, the sections were incubat-
ed with primary antibodies diluted at 1:50. The secondary 
antibody used was a horse-radish peroxidase (HRP)-labeled 
antibody (Zhongshan Golden Bridge, Beijing, China). 
Results were evaluated by pathologists at Beijing YouAn 
Hospital. Five high visual fields were observed with no 
less than 1000 cells in each visual field. Cells in cytoplasm 
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taking on yellow or brown particles were considered posi-
tive.

Statistical analysis
All analyses were performed using the SPSS for Win-
dows (version 11.5). The data were expressed as mean 
± SD. χ2 test and Student t test were used to compare 
the distribution of  categorical and continuous variables, 
respectively, in the two groups. P < 0.05 was considered 
statistically significant.

RESULTS
Clinical data about the patients
All the 107 patients recruited in this study were Chinese. 
Their clinical data are shown in Table 1. The patients 
were diagnosed as HBV-related HCC (84%) and HCV-
related HCC (16%) or liver cirrhosis (78.1% and 29.1%), 
respectively. No significant difference was observed in 
HBV infection between the two groups. No double HBV 
and HCV-infected patient was found in the current study. 
Of  the 75 clinically diagnosed HCC patients, 14 were at 
BCLC-stage A, 23 at BCLC-stage B, 16 at BCLC-stage C, 
and 22 at BCLC-stage D. 

Limitation of serum AFP level in diagnosis of early HCC
AFP was widely used as a biomarker for the diagnosis of  
primary HCC. The cut-off  value was set at 400 μg/L ac-
cording to the guidelines of  clinical diagnosis and staging 
criteria for primary hepatocellular carcinoma established 
by Chinese Society of  Liver Cancer in 2001. The serum 
AFP level was below 400 μg/L in all patients with liver 
cirrhosis and ≥ 400 μg/L in only 28 patients (37.3%) 
with HCC (Figure 1A). The serum AFP level was ≥  
400 μg/L in none of  the 14 HCC patients at BCLC-stage A 
and only in 7 patients (30.4%) at BCLC-stage B. The posi-
tive rate was only 18.9% in patients at BCLC-stage A and B 
with their AFP level ≥ 400 μg/L, although it increased to 
55.3% in patients at BCLC-stage C and D (Figure 1A). The 
AFP levels were compared between liver cirrhosis and HCC 
patients at BCLC-stage A and B (Figure 1B). Among the 
32 patients with liver cirrhosis, the AFP level was higher 
in 2 patients with their liver cirrhosis progressed to HCC 
than in those with their liver cirrhosis not progressed to 
HCC. The sensitivity of  AFP for the diagnosis of  HCC 
did not significantly increase in HCC patients at different 
BCLC stages. 

Serum GPC3 level for the diagnosis of early HCC 
The cut-off  value of  GPC3 was set at 300 ng/L by re-

ceiver operating characteristic (ROC) curve analysis. At 
this cut-off  value, the sensitivity and specificity of  serum 
GPC3 for the diagnosis of  HCC was 46.7% and 93.5%, 
respectively. Among the 32 clinically diagnosed liver cir-
rhosis patients, the serum GPC3 level was > 300 ng/mL 
in 9.4% (3/32) patients. Among the early HCC patients, 
7 (50%) had BCLC-stage A HCC, and 9/23 (39.1%) 
had BCLC-stage B HCC with their serum GPC3 level >  
300 ng/mL (Figure 2A and B). Among the 16 patients 
with their GPC3 > 300 ng/mL, the serum AFP level 
was ≥ 400 μg/L in only 3 patients. 

GPC3 expression in liver tissue
Liver cirrhosis was observed in all the examined speci-
mens. With IHC staining, AFP positive cells were hardly 
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Table 1  Clinical data about the patients included in the study

Diagnosis Numbersa Age (yr)a HBV infectiona HCV infectiona BCLC-stage A BCLC-stage B BCLC-stage C + D

HCC 75 (M: 55, F: 20) 55.4 ± 9.91 84.0% (63/75)   16.0% (12/75) 18.7% (14/75) 30.7% (23/75) 50.7% (38/75)
Cirrhosis  32 (M: 24, F: 8) 53.3 ± 5.81 78.1% (25/32) 21.9% (7/32)

aP > 0.05. HCC: Hepatocellular carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus; BCLC: Barcelona Clinic Liver Cancer.
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Figure 1  Serum a-fetoprotein levels in 107 patients with liver cirrhosis or 
hepatocellular carcinoma at late Barcelona Clinic Liver Cancer stages (A) 
and early Barcelona Clinic Liver Cancer stages (B). Each dot represents one 
patient. AFP: a-fetoprotein; HCC: Hepatocellular carcinoma; BCLC: Barcelona 
Clinic Liver Cancer.
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detectable in HCC patients even with their serum AFP 
level ≥ 400 μg/L (Figure 3) except in 1 tumor tissue sam-
ple. However, GPC3 was specifically expressed in cyto-
plasm of  cancer cells but not or weakly expressed in para-
carcinomatous tissue samples (Figure 3A-C). GPC3 was 
expressed in 94.8% (55/58) of  HCC tissue samples and 
over-expressed in all the 28 HCC patients with their se-
rum AFP level ≥ 400 μg/L and in 30 HCC patients with 
their serum AFP level < 400 μg/L. GPC3-positive cancer 
cells were found in 90% of  the 30 clinically diagnosed 
HCC patients with their serum AFP level < 400 μg/L. 
GPC3 was positively expressed in HCC tissue specimens 
and negatively expressed in all liver cirrhotic specimens. 

The expression of  GPC3 was also detected in needle 
biopsy samples. After the specimens were stained, some cells 
were positive for GPC3 but negative for AFP (Figure 4A-C). 

Combined serum GPC3 and AFP 
Combined serum GPC3 and AFP significantly increased 
the sensitivity for HCC diagnosis. The sensitivity of  se-
rum AFP increased from 18.9% to 54% for the diagnosis 
of  HCC at BCLC-stage A + B, and from 55.3% to 81.6% 
for the diagnosis of  HCC at BCLC-stage C + D (Figure 5). 

DISCUSSION
The main etiological factor for primary HCC in China 
is HBV infection[17,18]. However, it has been shown that 
HCV infection plays a role in pathogenesis of  primary 
HCC[19,20]. Of  the 75 clinically diagnosed HCC patients 
enrolled in this study, 63 had HBV-related HCC. As HCC 
can develop in patients with HBV infection, chronic HBV 
carriers are also included in screening of  HCC in China 

with the measurement of  AFP level and ultrasonography 
every 6 mo[5]. 

Screening of  HCC is cost-effective in patients with 
cirrhosis since its annual incidence exceeds 1.5% per year[3]. 
However, most liver mass/nodular lesions are benign, 
such as cirrhotic regenerative nodules, adenoma, and focal 
nodular hyperplasia, but they may mimic malignant liver 
lesions[3]. Therefore, the differential diagnosis between 
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Figure 3  Immunohistochemistry staining of glypican-3 or a-fetoprotein 
in liver samples. Representative of the excised hepatocellular carcinoma 
samples stained with mouse anti-glypican-3 (GPC3) (A-C) or AFP (D, 4 ×); B (10 
×) and c (40 ×) are the amplified image of A (4 ×). The cells stained with yellow 
or brown particles were considered positive (arrows).

A B C D

A B C

Figure 4  Immunohistochemistry staining of glypican-3 in needle biopsy. 
Three tissue sections (A-C, 10 ×) from patients with hepatic space occupying 
lesions with their serum a-fetoprotein < 400 mg/L. Glypican-3 was positively 
expressed in hepatocellular carcinoma (arrows).

AFP and GPC3 combination        AFP only

Figure 5  Frequencies of serum a-fetoprotein ≥ 400 mg/L only (stripped 
bars), a-fetoprotein ≥ 400 mg/L and glypican-3 > 300 ng/L (filled bars) in 
75 hepatocellular carcinoma patients at different Barcelona Clinic Liver 
Cancer stages. AFP: a-fetoprotein; GPC3: Glypican-3.
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HCC and benign mimickers is difficult. AFP is the most 
commonly used indicator in screening and diagnosis of  
HCC as well as in follow-up of  high-risk population. 
However, its sensitivity for the diagnosis of  HCC is only 
30%-40%[2,21]. In the current study, the diagnosis rate of  
HCC was 37.3% for serum AFP (≥ 400 μg/L), which is 
consistent with the reported findings[22,23], but lower than 
that reported by Dr. Yang (44.6%)[24]. The serum AFP lev-
el is significantly different in HCC patients with different 
tumor size, number, stage and etiology[25]. The results of  
this study confirm that serum AFP (≥ 400 μg/L) alone 
cannot be used as a diagnostic marker for HCC, especially 
early HCC[26]. Therefore, all these results indicate that the 
serum AFP level plays a limited role in diagnosis of  HCC, 
especially early HCC. 

It was recently reported that GPC3 is only detected in 
HCC cells but not in benign liver tissues, and can thus be 
used as a potential biomarker for the diagnosis of  early 
HCC[9,14,26,27]. The serum GPC3 level was higher than  
300 ng/L in 50% of  early HCC patients, although their 
serum AFP level was below 100 μg/L in this study, sug-
gesting that serum GPC3 level plays a potential role in 
diagnosis of  early HCC and can be used in screening of  
HCC. Therefore, measurement of  serum GPC3 level in 
combination with B-ultrasonography is useful in screening 
and diagnosis of  HCC as well as in follow-up of  high-risk 
population. 

In this study, GPC3 was over-expressed in cytoplasm 
of  HCC cells but not expressed in 58 paracarcinomatous 
and 12 liver cirrhotic tissue samples. GPC3 positive cells 
were found in 90% of  patients with their serum AFP level 
< 400 μg/L. GPC3 was negatively expressed in only 10% 
of  the examined samples. As all the HCC patients in-
cluded in this study were accompanied with cirrhosis, the 
positive GPC3 expression rate was high, which is consis-
tent with the reported data[14], suggesting that expression 
of  GPC3 protein is a sensitive and specific histological 
marker for the diagnosis of  HCC and can thus be used in 
biopsy in the presence of  nodule lesions. 

Serum GPC3 and AFP levels were increased in HCC 
patients included in this study. GPC3 protein was exclu-
sively expressed in cancer cells and serum GPC3 level 
was increased in early HCC patients with their serum 
AFP level < 400 g/L. GPC3 protein expression was only 
detectable in liver cancer cells but not in benign hepatic 
cells. The sensitivity of  combined serum GPC3 and AFP 
was increased for the diagnosis of  HCC at all stages. 

In conclusion, GPC3 is a sensitive, specific serum and 
tissue marker for the diagnosis of  early HCC. Over-expres-
sion of  GPC3 in liver tissues can be used in discriminating 
tumor cells from benign hepatic cells. Combined AFP and 
GPC3 should be considered in diagnosis of  HCC. 
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