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Abstract: Glypican-3 (GPC-3) is a heparin sulfate proteoglycan normally expressed in fetal liver and placenta,
but not in normal adult liver. Preliminary studies have shown that glypican-3 can be useful for the diagnosis
of hepatocellular carcinoma (HCC). This study aimed to examine the utility of GPC-3 mRNA expression in
peripheral blood and serum GPC-3 in diagnosis of HCC. Sixty one patients, 31 HCC and 30 liver cirrhosis and
25 normal healthy volunteers were enrolled. The peripheral blood GPC3 mRNA was detected by real time PCR
as well as serum levels of GPC-3 by ELISA techmique. The serum levels of GPC-3 were significantly increased
i HCC patients as compared to liver cithosis and healthy controls. Furthermore, the expression of GPC-3
n peripheral blood was sigmficantly higher in HCC than cirrhosis and controls. At cut-off level of 5.41 ng/ml,
GPC-3 yielded a sensitivity of 90.3%, specificity of 98%, for diagnosis of HCC. However, AFP gave a sensitivity
of 77.4%, specificity of 60%, at a cut-off level of 42.32 ng/ml. The combined AFP & GPC-3 improve the
sensitivity and specificity of AFP alone. Significant positive correlations were detected between serum GPC-3
levels and prognostic parameters in HCC patients (AST, serum albumin, prothrombin concentration, tumor size,
number and blood vessel invasion) and GPC3 mRNA, but no relation to AFP serum level was detected. On the
contrary, GPC-3 mRNA was only correlated with vascular invasion. In conclusion: GPC-3 protein in peripheral
blood can serve as a useful non invasive marker for early detection of HCC diagnosis with good sensitivity and

high specificity and the level of GPC-3 can be useful in estimating the prognosis of HCC.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third cause of
death in prevalent malignant tumors all over the world [1],
furthermore, its morbidity is increasing especially in Asia
and sub-Saharan Africa. Respecting its worse prognosis
and survival [2], screening for HCC based on routine
ultrasound (US) examimation and serum AFP detection
every 6 months 1s strongly recommended by the European
Association for the Study of the Liver (EASL) for
detection of HCC in early stage [3]. The detection of
nodules of 2 cm or less possess a diagnostic challenge as
they are difficult to be characterized by pathological
examination [4] or radiological examination [5]. However,
US is very dependent on the operator’s skill, so this limits

the use and valuation of US in clinical practice for large
scale screening. Similarly, alpha-fetoprotein (AFP)
detection alone is not satisfactory because of its low
sensitivity [6, 7]. So in recent years, investigators and
clinicians have been devoting themselves to find and
validate novel markers with higher sensitivity and
specificity for early diagnosis of HCC.

Tumor markers have been used for screening, clinical
diagnosis, evaluation of prognosis, monitoring response
to therapy and momtoring for recurrence after treatment
[8]. There are several established tumor markers for HCC:
AFP, Lens culinaris agglutimin- reactive AFP (AFP-L3)
and des-y-carboxy prothrombin DCP (also known as
PIVK A-IT) [9]. The serum levels of these tumor markers are
generally useful in predicting the prognosis of patients
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with HCC. However, these markers have poor sensitivity
and specificity when used as screening markers [10].
Glypican-3 (GPC-3) 1s a cell-surface glycoprotein that is
absent m hepatocytes of healthy subjects and patients
with hepatitis, but highly expressed in hepatocellular
cancer cells [11, 12]. The GPC-3 gene encodes a 70-kDa-
precursor core proteir, which can be sliced by furin to
make a 40-kDa aminoe (N) terminal protein and a 30-kDa
membrane-bound carboxyl (C) terminal protein, which has
two heparan sulphate (HS) glycan chains [13].

Potential novel tumor markers such as GPC-3[14]
can be used in combination with any of the established
markers, in the diagnosis of HCC with improved
sensitivity and specificity. Of these novel marlers, only
GPC-3 has been successfully utilized in both serological
and immunohistochemical applications for the diagnosis
of HCC [15]. To date a little is known about the molecular
identification of GPC-3 in peripheral blood as a non
mvasive techmque for HCC prediction.

Aim of the Study: In this study, serum levels and
peripheral blood expression of GPC-3 were determined in
patients with HCC or liver cirrhosis and normal healthy
people, in order to assess the diagnostic values of GPC-3
alone or in combination with AFP for early diagnosis of
HCE.

Patient and Methods: Sixty one patients (48 males and 13
females, age range 42- 64 years), 31 of them have proved
HCC (25 males and 6 females) with age ranged from 43-65
years and 30 patients with liver curthosis (23 males and 7
females) with age range 42-65 years. They were selected
from outpatient and inpatient clinics of Hepatology
Department-National
University, International Medical Centre and Internal
Medicine Department of Al Zahraa University Hospital
from March 2010 till May 2011. The group of HCC were
diagnosed according to laboratory and radiological

Liver Institute-Menoufiya

mvestigations including abdominal ultrasonography
and triphasic C.T. abdomen. The group of cirrhosis were
selected according to clinical examination, abdominal
and the

histopathological features in liver biopsy samples. Any

ultrasonography, laboratory investigations
patient with cancer other than hepatocelular carcinoma
was excluded None of the patients had received local
or systemic therapy for HCC before (they are newly
diagnosed). The study was approved by the local ethical
committee in umversity hospitals and nformed consent

was obtained from the patients.
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Laboratory investigations for patient groups
including serum levels of AST, ALT, total protein,
albumin, total bilirubin, alkaline phosphatase and gamma
glutamyle transpeptidase (GGT) were done using Integra-
400 (Roche-Germany). Prothrombin concentration was
done by Fibrintimer (Roche-Germany). Complete blood
cell counts were measured by Sysmix Kx-21 automatic cell
counter (Japan). AFP serum level was measured by an
automated Elecyes (Roche-Germany). HBY markers and
HCV antibodies were assayed by EIA (COBAS-core,
Germany). HCV-RNA levels were analyzed by real time
polymerase chain reaction using a commercial kit (Roche
Branchburg, NI) according the

Diagnostic, to

manufacturer's instructions.

Serum GPC-3[14]: The GPC-3 was done by an
ELISA which 18 a “sandwich” enzyme mmunoassay
employing two GPC-3 specific Antibodies, the kit
provided by BioMosaics (Burlington,), Catalog Number
B1500. An antibody, specific for the human GPC-3
protein, has been mmmobilized onto the surface of
microtiter wells provided in the kit. The sample to be
assayed, or GPC-3 standards, were added to the wells and
allowed to incubate for two hours at room temperature.
Unbound material was removed by washing and the
biotinylated detector antibody was pipetted mto the
wells and allowed to incubate for two hours, during
which time any GPC-3 present in samples or standards
binds to the detecting antibodies. Unbound material
was  washed away and Thorseradish peroxidase
conjugated streptavidin  was added, which binds to
the detector antibody. The horseradish peroxidase
catalyzes the conversion of the chromogenic substrate
tetramethylbenzidine (TMB) from a colorless solution to
a blue solution (or yellow after the addition of stop
reagent), the intensity of which was proportional to the

amount of GPC-3 protein in the sample. The colored

reaction  product was  quantified using a
spectrophotometer. Quantitation was achieved by the
comstruction of a standard curve using known

concentrations of GPC-3 (provided lyophilized). By
comparing the absorbance obtained from a sample
containing an unknown amount of GPC-3 with that
obtained from the standards, the concentration of GPC-3
1n the sample can be determined.

Glypican-3 (GPC-3) Expression by Real Time PCR

Extraction of RNA and ¢DNA Synthesis: Total genomic
RNA was extracted from EDTA peripheral blood
mononuclear cells (PBMCs) with QlAamp RNA mim kat
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(Qiagen, France) in accordance with the manufacturer’s
protocol. The concentration purity and amount of total
RNA were determined by measuring absorbance at wave
lengths 260/280 mm. cDNA was synthesized using
Applied Biosystems.

Real-Time RT-PCR: The real-time RT-PCR used for
the detection of GPC-3 mRNA was performed as
described previously [16]. The sequences of primers
and TagMan probe of GPC-3 were: forward primer
(5-AGAGGCCTTTGAAATTGT-3"), reverse primer
(5-AAATACTTTCAGGTCACGTC-3") and  probe
(5-FAM-ATGCCAAGAACTACA CCAATGC-TAMRA-
37). Reverse Transcription Kit with 5mg of total RNA m 10
ml of TagMan RT buffer, 22 ml of 25 mM magnesium
chloride, 20 ml dNTPs, 5 ml random hexamers, 2 ml RNase
mhibitor, 2.5 ml MultiScribe Reverse Transeription and
RNA sample plus RNase free water, for a final volume of
100 ml. The conditions for every PCR reaction were 15 min
at 95°C, followed by 40 cycles of denaturation for 20
seconds at 95°C and annealing/extension for 60 seconds
at 60°C. Data were analyzed with Sequence Detection
Software. The level of expression was calculated using the
formula [17]:

Relative expression=copy number of molecule /
copy number of B-actin

Table 1: Clinical and some laboratory data of patient groups

The RT-PCR assay was repeated twice and performed
with using the LightCycler Instrument ROCHE (ROCHE,
Diagnostics, Germany).

Statistical Analysis: coded and
summarized using SPSS (statistical package for Social
Sciences) version 13.0 for Windows. Quantitative
variables were described using meantstandard deviation
and categorical data by using frequency and percentage.

Data were

Comparison between groups Mam Whitney (U) test for
non normally distributed variable and Kruskal-Wallis test
was done to compare three or more of non normally
distributed variables. Correlation coefficients (r) were
calculated using the Pearson's correlation analysis. P
value was sigmificant at <0.05 level. Sensitivity, specificity
and the area under the receiver-operating characteristic
curve (AUROC) were determined.

RESULTS

The clinical characteristics of the patients in these
groups are shown m Table 1. Most of the patients with
HCC had single lesion (71%) and about half of them had
tumour size <5cm in diameter. Ten cases had vascular
spread. Only 25.8% of HCC cases and 30% of patients
with cirrhosis had Child-Pugh class C. The serum level of
AFP and GPC-3 was significantly increased m HCC
patients as compared to liver cirrhosis and controls

Data HCC patients (N=31) Clirrhosis patients (N=30)
Gender (male%s) 25 (80.6%) 23 (76.7%)
Hepatomegaly 22 (70.90%) 26 (86.7%%)
Splenomegaly 18 (50.1%) 23 (76.7%)
Melena 15 (48.4%) 14 (46.7%)
Hematemesis 20 (641.5%) 15 (50%6)
Ascites 9 (29%%) 10 (33.3%)
Hepatitis markers:

HCV antibodies 27 (87.1%) 25 (83.3%)
HBs Ag 4(12.9%) 5 (16.79)
Child-Pugh classification:

Class A 6(19.4%) 11 (36.7%)
Class B 17 (54.8%) 10(33.3)
Class C §(25.8%) 9 (30%)
Tumor number:

Single 22 (71%)

Multiple 9 (2904)

Tumor size:

<5 cm 17 (54.8%)

>Scm 14 (45.29%)

Vascular invasion:
Absent
Present

21 (67.7%)
10 (32.3%)
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Table 2: Comparison between HCC, cirrhotic and control groups as regards AFP and GPC-3 levels

Variables HCC (n=31) M+SD Cirrhosis (n = 30) M+SD Controls (n =25) M+SD P value
AFP (ng/ml) 987.1+752.4 32.7+19.2 5.61+3.22 <0.001
Serum GPC-3 (ng/ml) 8.13+3.25 3.14+1.16 1.27+0.45 <0.001
GPC-3 mRNA (copy/ml) 9.22+42.11 6.57+1.63 3.92+1.17 <0.05

P<0.05 & p<0.001is statistically significant, p>0.05 is not statistically significant.

Table 3: Sensitivity, specificity, PPV (Positive Predictive Value) and NPV (Negative Predictive Value) of serum GPC-3 and AFP in prediction of HCC

Variables Cut-Off Sensitivity Specificity PPV NPV
AFP (ng/ml) 42.32 77.4% 60% 66.7% 72%
Serum GPC-3 (ng/ml) 5.41 90.3% 98% 96.6% 93.8%
Combined AFP & GPC-3 AFP=42.32 ng/ml & GPC-3 =5.41 ng/ml 84% 90% 89.7% 87%
Table 4: The correlation of both serum GPC-3 and GPC-3 mRNA with the prognostic parameters in HCC group (n=31)
Serum GPC-3 GPC-3 mRNA

Parameters r p-value R p-value
ALT 0.38 >0.05 0.19 >0.05
AST 0.53 <0.05 0.31 >0.05
Serum albumin 0.51 <0.05 0.24 >0.05
Proth. Conc 0.52 <0.05 0.15 >0.05
Serum AFP 0.11 >0.05 0.23 >0.05
GPC-3 mRNA 0.48 <0.05 - -
Tumor size 0.56 <0.05 0.23 >0.05
Tumor number 0.55 <0.05 0.14 >0.05
Vascular invasion 0.49 <0.05 0.57 <0.05
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Fig. 1: Level of serum GPC-3 and GPC-3 mRNA in the Fig. 2: ROC curve of serum GPC-3 and combined AFP &

studied groups sGPC-3 for HCC prediction.

(p<0.001) for each. Also, the expression of GPC-3 in
peripheral blood was significantly higher in HCC cases
compared to liver cirrhosis and control group (p<0.05)
(Table 2 & Fig. 1). At cut-off 5.41 ng/ml, serum GPC-3
gave a sensitivity of 90.3%, specificity of 98%, for HCC
diagnosis and AUROC of 0.876. However, AFP gave a
sensitivity of 77.4%, specificity of 60%, at a cut-off level
of 42.32 ng/ml. The combined AFP & GPC-3 gave a
sensitivity of 84% and specificity of 90%, which is higher
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than AFP alone and AUROC of 0.701 (Table 3 & Fig. 2).
Significant positive correlations were detected between
serum GPC-3 levels and each of AST, serum albumin,
prothrombin concentration and GPC-3 mRNA. Also, it was
positively correlated with the prognostic parameters in
HCC patients (tumor size, number and blood vessel
invasion), but not correlated with AFP serum level. On the
contrary, GPC-3 mRNA was not related except to vascular
invasion (blood metastasis) only (Table 4).
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DISCUSSION

AFP and DCP [18] are well known major tumor
markers for HCC. Serum AFP levels are often increased n
patients with benign liver diseases, such as chromic
hepatitis and liver cirthosis. AFP levels at a value of 20
ng/ml showed good sensitivity but low specificity,
whereas at higher cut-offs of 200 ng/ml the sensitivity
drops to 22% with high specificity [19]. The AASLD
recommended cut off level for diagnosis of HCC is 200
ng/ml, although lower levels, particularly if rising, should
be followed very carefully [8]. Furthermore, only a small
proportion of tumors at an early stage (10-20%) present
with abnormal AFP serum levels [20]. The sensitivity of
AFP is not good enough for it to be used alone for
diagnosis of HCC, as over a third of cancers will be
missed [R]. Lens culinaris agglutimn-reactive fraction of
a-fetoprotein (AFP-1.3%) 1s a described marker of HCC.
AFP-1.3% shows a much higher specificity than AFP, but
a lower sensitivity. On the other hand, DCP shows a lower
false-positive result, but 1s not always sensitive enough
to detect small HCC [21]. Capurro et al. [14] reported that
GPC-3 can serve as a useful serum marker for HCC
diagnosis with good sensitivity. Since then, GPC-3 has
high specificity
independent of serum AFP levels. This finding was
supported by Nakatsura et al. [22] and Hippo et al. [23].

GPC-3 was found to be frequently expressed
hepatocellular carcinoma (HCC) and, therefore, to
possibly function as a diagnostic marker [24]. The
expression of GPC-3 1s reduced during tumor progression
m cancers originating from tissues that are GPC-3 positive
in adults as ovary, stomach and breast and this reduction

attracted attention because of its

seems to play a role in generation of the malignant
phenotype. On the contrary, in the case of HCC, tumors
originating from tissues that express GPC-3 only in the
embryo, GPC-3 expression tend to reappear with malignant
transformation [21, 25]. Capurro et al. [26] reported that,
hepatocellular carcinomas arising in cirrhotic liver were
more likely to be glypican-3 positive (91% vs 57%,
P<0.004). Whereas all hepatic adenomas and macro-
regenerative nodules were glypican-3 negative [27].
Several studies have demonstrated the efficacy of GPC-3
as a diagnostic tool m hepatocellular carcmoma.
The reported sensitivity ranged from 75-100%, with
figures of 75-85% in larger studies [22, 23, 28]. Nakatsura
et al. [22] reported that, GPC-3 is not expressed in
hepatocytes of healthy subjects and patients with non-
malignant liver disease and can be detected in about 50%
of HCC patients with high AFP and 33% of HCC patients
seronegative for AFP.
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Capurre et al. [26] confirms that GPC-3
immunchistochemistry has high overall sensitivity for the
diagnosis of HCC. Furthermore, Suriawinata et al. [21]
found that more than 80% of HCC tumors showed a much
stronger expression of GPC-3 mRNA than did non-
cancerous liver tissue and immuno-histochemical analysis
revealed that HCC expressed GPC-3 protein 1n all HCC
patients tested. Some climical studies have indicated that
the simultaneous determination of GPC-3 and AFP could
significantly increase the sensitivity in HCC detection,
without a reduction in the specificity [14, 29]. Furthermore,
it has been shown that soluble GPC-3 (sGPC-3), the NH2-
terminal portion of GPC-3, is superior to AFP in the
sensitivity of detecting well or moderately differentiated
HCC and the simultaneocus determination of both markers
mnproves overall sensitivity from 50 to 72% [23]. Thus, it
can be seen that GPC-3 could be a good supplementary to
AFP m early detection of HCC. Some other mnvestigators
have reported that GPC-3 mRNA i1s upregulated
significantly m tumor tissues of HCC compared to para-
neoplastic tissues of HCC, liver tissues of healthy adults
and liver tissues of patients with non malignant
hepatopathy, thus it could also be a good molecular
marker for HCC [30-32].

However, the diagnosis of HCC should not rely on
positive GPC-3 immunostaining because GPC-3 expression
in HCC can be focal and thus, the lack of GPC-3 staining
does not exclude the diagnosis of HCC m tissue
specimens. Also, focal immunoreactivity can be detected
in some cirthotic nedules [16].

The non invasive techniques for HCC diagnosis were
the goal of recent researches. Cur study aimed to
determine the expression of GPC-3 in peripheral blood and
serum levels of GPC-3 in patients with HCC and liver
cirrhosis to find its value in relation to serum AFP for
early HCC diagnosis. Sixty one patients, 31 HCC and 30
liver cirrhosis and 25 normal healthy volunteers were
selected. In the current study, serum levels of GPC-3 were
significantly increased in HCC patients as compared to
patients with liver curthosis and healthy controls.
Furthermore, the expression of GPC-3 mRNA in peripheral
blood was sigmificantly higher in HCC than cirthosis and
controls. At cut-off level of 5.41 ng/ml, serum GPC-3 gave
a sensitivity of 90.3%, specificity of 98%, for early
diagnosis of HCC and AUROC of 0.817. However, AFP
gave a sensitivity of 77.4%, specificity of 60%, at a cut-off
level of 42.32 ng/ml. The combined AFP & GPC-3 gave a
sensitivity of 84% and specificity of 90%, which is much
better than AFP alone and AUROC of 0.701.Our results
are in agreement with the findings of Tanglkijvanich et al.
[33]. Also, Suriawinata et al [21 ] found that, GPC3 protein



World J. Med. Sci., 7 (2): 105-112, 2012

in the sera was detectable only in HCC patients and not in
patients with other liver diseases or other kinds of cancers
and healthy donors, thereby indicating that the specificity
15 100%. Furthermore, they confirmed that GPC3 protein
had disappeared from the sera of three patients after
surgical treatments for HCC. Sun et al. [34] recorded that,
plasma GPC-3 levels n HCC group were higher than those
i chronic liver disease. The area under the recewer
operating characteristics curve value for GPC3 was
0.731 and cut-off value of 75 ng/ml yielded the
highest predictive wvalue of diagnosing HCC with
of 61% and specificity of 85%. They
suggested that the plasma GPC-3 is a potential tumor

sensitivity

marker for HCC, especially among patients with low serum
AFP and DCP.

In another study, Suriawmata et al. [21], the
sensitivity of AFP, AFP-1.3%, DCP and GPC-3 was 50%,
27.7%, 50% and 40%, respectively. They could not
diagnose 30% of HCC patients using AFP and DCP alone,
although, they could diagnose an additional 30% of
suspicious HCC. Hence, they could diagnose 80% of their
patients with HCC using combination of AFP, DCP and
GPC-3. They concluded that GPC-3 may be useful for
diagnosis of early stage HCC because it is more sensitive
for the detection of small tumors. In more recent study by
Qiao et al [35] the mean level of GPC-3 in the serum
samples of HCC patients was obviously higher than that
of other groups. When they used 20.68 ng/ml as the cut-
off point m HCC diagnosis, GPC-3 could reach a
sensitivity of 69.3% with a specificity of 88.7% and
AURQOC of 0.892.The prognosis and survival of HCC
patients 1s not only related to tumor size but also related
to the integration of tumor size, location, vein mvasion
and metastasis beside the liver status. In this study,
significant positive correlations were detected between
serum GPC-3 levels and each of AST, serum albumin,
prothrombin concentration and GPC-3 mRNA. Also, it was
positively correlated with the prognostic parameters in
HCC patients (tumor size, number and blood vessel
mvasion), but not correlated with AFP serum level. On the
contrary, GPC-3 mRINA was not related except to vascular
mvasion (blood metastasis) only. Capurro ef af [14],
Nakatsura ef af. [22] and Hippo et al. [23] have reported
that GPC-3 1s aserologic marker of HCC. They have also
found that, due to the lack of cormrelation between
serologic concentrations of GPC-3 and AFP in HCC
the of both markers
significantly increases the sensitivity of AFP alone.

patients, simultaneous use
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GPC-3 expression was found to be correlated with
poor prognosis in HCC owing to the lower S5-year
survival rate in GPC3-positive HCC patients than
GPC3-negative HCC patients [36]. GPC-3 15 a valuable
diagnostic marker and a potential therapeutic target n
HCC [34, 37].

Recently Hui-Fen et al. [38] reported that the
presence of GPC-3 mRNA predicts the possibility of
blood metastasis of tumor cells in patients with HCC
and plays an assistant role in the diagnosis of HCC in
patients with negative or low level of serum AFP.
Yan et al [39] reported that, GPC-3 mRNA was
detected in HCC patients and not detected in healthy
subjects, patients with hepatitis B, cirrhosis or hepatic
hemangioma. The sensitivity of HCC diagnosis can be
improved by combined detection of AFP and GPC3
mRNA  expressions. They concluded that GPC-3
mRNA HCC-specific and may mdicate HCC
metastasis. In our study, no correlation between
serum GPC-3 or GPC-3 mRNA and AFP serum level was
found. Also, in Qiac et al. [35] study, there was no
correlation between GPC-3 and AFP. Taken together,
these results indicate that GPC3, as defined in our study,
can be detected in the serum as a secreted protein in a
subset of patients with HCC but is undetectable in
with
Interestingly, elevated serum GPC-3 levels in most HCC

1

healthy individuals or patients cirrhosis.
patients do not correlate with their serum AFP values and
GPC-3 appears to be more sensitive than AFP as a
serologic marker. Thus, GPC-3 may prove to be an
appropriate candidate for use in HCC diagnosis and
measurement of serum GPC-3 level m combination with
ultrasenography can be useful in screemng and diagnosis
of HCC as well as in follow-up of high-risk population. On
[40] reported that the
sensitivity, specificity and positive and negative
predictive values of GPC-3 was 61.33, 41.82, 58.97 and
44.43%, respectively. The values for AFP were 68.57,
94.55, 94.12 and 70.27%, respectively. There was no

correlation between GPC-3 levels

the contrary, Ozkan et al

and prognostic
parameters. They concluded that GPC3 1s not a useful
diagnostic and prognostic marker for HCC. In addition,
Yasuda et al. [41] found no elevation of serum GPC-3 level
in patients with HCC in comparison with those with
chronic liver disease (CLD); and they did not find serum
GPC-3 level, measured by a commercially available ELTSA
kit with GPC-3 antibody, to be useful in the diagnosis of
HCC.
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CONCLUSION

From the above results, we concluded that, the

analysis of GPC-3 expression level and GPC-3 mRINA can
serve as a useful non invasive tumor marker for early

detection of HCC diagnosis with good sensitivity and
high specificity, the combined use of GPC-3 and AFP
yields high sensitivity and specificity than AFP alone. In
the future GPC-3 can be used as a target immunotherapy
for HCC.

10.
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