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Abstract

AIM: To investigate the diagnostic value of glypican-3
(GPC3) and its relationship with hepatocellular carci-
noma (HCC) recurrence after liver transplantation.

METHODS: HCC tissue samples (7 = 31) obtained
from patients who had undergone liver transplantation
were analyzed. GPC3 mRNA and protein expression
were analyzed by TagMan real-time reverse transcrip-
tion-polymerase chain reaction and immunohistochem-
istry. Correlation between the GPC3 expression and
clinicopathological features was analyzed. The potential
prognostic value of GPC3 was investigated by compar-
ing recurrence-free survival between HCC patients with
and without GPC3 expression.

RESULTS: Using a cutoff value of 3.5 x 10?, 20 of 31
cancerous tissues had expression values of > 3.5 x
10°, whereas 3 of 31 adjacent non-neoplastic paren-
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chyma and 0 of 20 control liver tissues had expression
values of > 3.5 x 10? (P < 0.001). GPC3 protein was
immunoexpressed in 68% of cancerous tissues, but
not in adjacent non-neoplastic parenchyma and control
liver tissues. Vascular invasion was significantly related
to GPC3 expression (P < 0.05). Recurrence-free sur-
vival was significantly longer for patients without GPC3
mRNA overexpression (> 3.5 x 10™) and those without
vascular invasion (P < 0.05 for both).

CONCLUSION: GPC3 expression may serve as a valu-
able diagnostic marker for HCC. GPC3 mRNA overex-
pression may be an adverse indicator for HCC patients
after liver transplantation.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular catcinoma (HCC) is one of the most com-
mon tumors in the world. More than 600 000 deaths glob-
ally per year have been reported, with 82% of cases (and
deaths) occurring in “developing” countries (with 55% in
China)"*. HCC is up to four-times more common in men
than in women, and 60%-90% of these tumors develop in
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a cirrhotic liver”. About 200 000 patients die from HCC
every year in China.

Liver transplantation offers the potential to resect
the entire tumor-bearing liver and eliminate the cirrhosis.
Liver transplantation therefore holds great theoretical ap-
peal in treating this disease. Furthermore, the liver is en-
tirely removed at liver transplantation, so recurrence must
derive from extrahepatic dissemination that occurred be-
fore or during transplantation, reflecting highly aggressive
tumor biology. Given the current shortage of organs and
the risk of aggressive recurrence, selection of candidates
for liver transplantation is crucial and controversial ",
Therefore, predicting outcomes for patients is a challenge
for clinicians and researchers.

Glypican-3 (GPC3) is a heparan sulfate proteoglycan
and locates on the cell surface by a mechanism involving
the glycosylphosphatidylinositol anchor”!. GPC3 has been
discovered to be a potential serologic and immunohisto-
chemical diagnostic marker for HCC in general®"” and to
promote the growth of HCC cells through stimulation of
the canonical Wnt signaling pathwaym. Zhu et al™? and
Sung ez al” reported that GPC3 mRINA was significantly
elevated in most HCC compared with normal liver as well
as in livers with focal nodular hyperplasia and liver cit-
rhosis. This result was later confirmed by Libbrecht ez al™!
using reverse transcription-polymerase chain reaction (RT-
PCR), who mainly studied small HCC. Despite this clini-
cal interest in GPC3, until now, the relationship between
GPC3 expression and post-transplant HCC recurrence
has not been clarified.

In our previous study, GPC3 mRNA-expressing cells
in peripheral blood had no clinical value in the diagno-
sis of HCC"™. The present study is an extension of the
study mentioned above. We designed the study to assess
the diagnostic value of GPC3 mRNA and protein expres-
sion in HCC tissues and to investigate their relationship
with HCC recurrence after orthotopic liver transplanta-

tion (OLT).

MATERIALS AND METHODS

Patients

HCC tissue samples (7 = 31) were obtained from patients
who underwent OLT at the Department of Transplan-
tation Surgery, Tianjin First Central Hospital (Tianjin,
China) during 2008. Histological types were assigned
according to the classification set by the World Health
Organization. The clinicopathological features of OLT
patients with HCC are summarized in Table 1. All recipi-
ents had undergone successful OLT (livers were from ca-
daveric donors who had agreed to donate their organs in
the event of death). Liver-tissue specimens were obtained
intraoperatively from cancerous tissues and adjacent non-
neoplastic parenchyma. The controls were normal liver
tissues from 20 patients (15 men, 5 women; mean age, 48
years; age range 30-65 years) with hepatic hemangioma.
There were no statistically significant differences in age
and sex between the study groups (P > 0.05). Liver-tissue
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Gender (Male/female) 29/2
Age (mean/range) (yr) 49/37-62
Primary liver disease 30/1
(HBV cirrhosis/HCV cirrhosis)

TNM stage (I-11/1I-IVa) 12/19
Milan criteria (within/beyond) 15/16
Tumor diameter (<5 cm/= 5 cm) 16/15
Tumor number (< 3/= 3) 26/5
Vascular invasion (present/absent) 16/15
Serum AFP (< 20 pg/L/> 20 ug/L) 11/20
Histological differentiation 6/25

(good/moderate and poor)

HBV: Hepatitis B virus; HCV: Hepatitis C virus; TNM: Tumor, node and
metastasis; AFP: o fetoprotein.

specimens were fixed in 10 % formalin and embedded in
paraffin for routine histological examination. The remain-
ing tissue was immediately snap-frozen in liquid nitrogen
and stored at -80 “C until examination.

All patients received standard post-liver transplanta-
tion care in the Intensive Care Unit. They received the
same immunosuppressive therapy: tacrolimus, daclizum-
ab, mycophenolate mofetil, and methylprednisolone. The
diagnosis of HCC recurrences (follow-up of 24 mo) was
based on elevation of serum levels of alpha-fetoprotein
(AFP) and ultrasonography, hepatic arteriography, or
computed tomography. Fine-needle aspiration cytology
was used for confirmation of recurrence if necessary.

The present study was approved by our institutional
ethics committee. Informed consent was obtained from
each patient. The procedure met all applicable guidelines
of our institute as well as governmental regulations con-
cerning the ethical use of donated organs.

Real time reverse transcription-polymerase chain
reaction assay

Total RNA was extracted from frozen liver tissues using
Trizol reagents according to manufacturer instructions
(Invitrogen, Catlsbad, CA, United States). Reverse tran-
sctiption to complementary DNA (cDNA) was undertak-
en using random primer and Superscript RNase H-reverse
transcriptase (Invitrogen).

A total of 1 ul. of cDNA was mixed with the Taq-
Man probe"”, RNase-free water, and TagMan Universal
PCR Master Mix. Real-time PCR amplification and data
analyses were carried out using an ABI PRISM 7300
Sequence Detector System (Applied Biosystems, Foster
City, CA, United States) according to the manufacturer’
s protocol. B-actin was used as an internal control. Each
sample was assayed in duplicate in a MictoAmp optical
96-well plate. The thermo-cycling condition was 2 min
at 50 ‘C and 15 min incubation at 95 C, followed by 40
two-temperature cycles of 20 s at 95 C and 1 min at
60 C. Data were analyzed with Sequence Detection Soft-
ware. Mean and standard-deviation values were calculated
from the data obtained. The level of expression was
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Figure 1 Receiver operating characteristic curve of glypican-3 mRNA
levels for the detection of hepatocellular carcinoma. The area under the
receiver operating characteristic curve is 0.878 (95% confidence interval:
0.802-0.953) (P < 0.001).

calculated using the formula: Relative expression = (copy
number of target molecule/copy number of B-actin) e,

Immunohistochemical analyses

Sections of formalin-fixed, paraffin-embedded tissue cell
blocks (4 um) were tested for the presence of monoclo-
nal antibody directed against GPC3 (Santa Cruz Biotech-
nology, Santa Cruz, CA, United States). The method used
for the immunohistochemical analysis has been described
previously'”,

For the immunohistochemical analysis of GPC3, we
evaluated the area of GPC3-positive staining in one slide
for each patient. At first, to analyze GPC3 expression, the
results of immunohistochemical staining were classified
according to the area of GPC3-positive stained cells as fol-
lows: -, Negative (< 10%); &, Weakly positive (10%-30%);
and +, Positive (> 30%). Finally, we classified two groups
between GPC3-negative (< 10%) and GPC3-positive (>
10%). The expression of GPC3 was judged to be positive
if the percentage of immunoreactive cells was assessed
semi-quantitatively as being = 10% in focal lesions.

Statistical analysis

Data are mean = SD. For comparisons of continuous
variables, one-way analysis of variance with the Bonfer-
roni post-hoc test was used to compare differences among
the three groups. We generated receiver operating char-
acteristic curves for GPC3 mRNA levels to determine
the cutoff points that yielded the sensitivity and specific-
ity for predicting the diagnosis of HCC. Correlations
between GPC3 results and various clinicopathological
parameters in the tissue samples were evaluated using the
chi-square test. The distribution of time to recurrence
was estimated according to the Kaplan-Meier method,
and differences assessed using log-rank statistics. P < 0.05
was considered significant. Statistical analyses were done

using SPSS ver12 (SPSS, Chicago, 1L, United States).
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Variable GPC3 protein P value GPC3 mRNA P value
expression overexpression
(1/N) (%) (n/N) (%)
TNM stage
1-1 7/12 (58) 6/12 (50)
-Va 14/19 (74) 0.373 14/19 (74) 0.179
Milan criteria
Within 11/15 (73) 8/15 (53)
Beyond 10/16 (62) 0519  12/16(75)  0.208
Tumor diameter
<5cm 11/16 (69) 9/16 (56)
=5cm 10/15 (67) 0.901 11/15 (73) 0.320

Tumor number

<3 18/26 (69) 17/26 (65)

=3 3/5 (60) 0.686 3/5 (60) 0.818
Vascular invasion

Present 14/16 (87) 14/16 (87)

Absent 7/15 (47) 0.015 6/15 (40) 0.006
Serum AFP

<20pg/L 6/11 (54) 6/11 (54)

>20 pg/L 15/20 (75) 0.244 14/20 (70) 0.390
Histological

differentiation
Good 3/6 (50)
Moderate and poor  18/25 (72) 0.301

2/6 (33)
18/25(72)  0.075

TNM: Tumor, node and metastasis; AFP: o fetoprotein; GPC3: Glypican-3.

RESULTS

Glypican-3 mRNA expression in hepatocellular
carcinoma tissues

GPC3 mRNA expression in adjacent non-neoplastic
parenchyma (» = 31, 2.00 £ 1.91 X 10?) and in control
liver tissues (z = 20, 1.41 £ 1.57 X 10”) was much lower
than in cancerous tissues (# = 31, 5.64 £ 3.06 x 107) (P
< 0.001). There were no significant differences between
adjacent non-neoplastic parenchyma and normal liver
tissues with respect to GPC3 mRNA expression (P =
0.270). A cutoff value for GPC3 mRNA expression of
3.5 X 107 was diagnostic of HCC with a sensitivity of
68%, specificity of 94%, positive predictive value (PPV)
of 87%, and negative predictive value (NPV) of 83%
[area under the curve, 0.878; 95% confidence interval (C):
0.802-0.953, P < 0.001] (Figure 1). Twenty of 31 (64%)
cancerous tissues had expression values of > 3.5 X 107,
whereas 3 of 31 (10%) adjacent non-neoplastic parenchy-
ma and 0 of 20 control liver tissues had expression values
of >3.5x 107 (P < 0.001).

The expression of GPC3 mRNA was evaluated in
relation to clinicopathological features. GPC3 mRNA
overexpression (> 3.5 X 10?) was closely associated with
vascular invasion (P = 0.006). No significant correlation
was found between GPC3 mRNA overexpression and
tumor, node, metastasis (IINM) stages, Milan criteria,
tumor diameter, tumor number, serum AFP levels, and

histological differentiation (Table 2).
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Figure 2 Hepatocellular carcinoma immunohistochemical staining (x 400). Glypican-3 expression in hepatocellular carcinoma by immunohistochemical analy-
ses. A: Negative expression in HCC tissue; B: Weakly positive expression in HCC tissue; C: Positive expression in HCC tissue; D: Negative expression in adjacent

non-neoplastic parenchyma. HCC: Hepatocellular carcinoma.
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Figure 3 Kaplan-Meier survival curve for recurrence-free interval in 31
patients who underwent liver transplantation.

GPC3 protein expression in hepatocellular carcinoma
tissues

GPC3 protein was immunoexpressed in 21 of 31 (68%)
cancerous tissues, but not in any adjacent non-neoplastic
parenchyma and control liver tissues (P < 0.001). In
GPC3-positive cases, protein expression was localized
in the cytoplasm and membrane of cells (Figure 2). The
sensitivity, specificity, PPV, and NPV of GPC3 protein
expression was 0.68, 1.0, 1.0, and 0.84. Vascular invasion
was significantly related to GPC3 protein expression (P =
0.015) (Table 2).
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Association between glypican-3 expression and
hepatocellular carcinoma recurrence

Up-to-date analyses after a follow-up of 24 mo revealed
that 10 (32%) patients developed HCC recurrence. The
median duration of HCC recurrence was 8.1 (range,
3-18 mo) after OLT (Figure 3). Assessment of Kaplan-
Meier curves showed that patients without GPC3 mRNA
overexpression had significantly longer recurrence-free
survival than those with GPC3 mRNA overexpression (P
= 0.034, log-rank test) (Figure 4A). Recurrence-free sur-
vival was significantly longer in patients without evidence
of vascular invasion compared with those with vascular
invasion (P = 0.016, log-rank test). Patients who met the
Milan criteria had longer recurrence-free survival than
those who did not, though the difference was not statisti-
cally significant (P = 0.077, log-rank test). There was no
significant difference in recurrence-free survival between
patients with positive and negative GPC3 protein expres-
sion (P = 0.231, log-rank test) (Figure 4B).

DISCUSSION

OLT is an excellent therapeutic choice for patients with
cirrhosis complicated by HCC because it provides simul-
taneous treatment for both diseases. However, due to the
limited availability of organs, prior selection of candi-
dates most likely to benefit from OLT is very important.
Thus, screening for potential early prognostic markers
and therapeutic targets is very urgent for better selection
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Figure 4 Kaplan-Meier survival curves for recurrence-free survival after
liver transplantation for hepatocellular carcinoma. A: with or without glypi-
can-3 mRNA overexpression (> 3.5 x 10%) (P = 0.034, compared by log-rank
test); B: with or without glypican-3 protein expression (P = 0.231, compared by
log-rank test).

of HCC patients for liver transplantation.

Morte recent studies have demonstrated upregulation
of GPC3 in HCC at the protein level. GPC3 expression
has been noted in 57% to 90% of HCC cases using im-
munohistochemistry! . Tn the present study, immu-
nohistochemical analyses revealed that HCC expressed
GPC3 protein in 68% of HCC tissues tested. RT-PCR
analyses showed that, with a cutoff value of 3.5 X 107,
20 of 31 HCC tumors showed much stronger expression
of GPC3 mRNA than adjacent non-neoplastic paren-
chyma. It was proposed that GPC3 expression could be
a useful tissue marker to distinguish between benign and
malignant hepatocellular lesions. Nevertheless, in some
studies, HCC and non-malignant liver originated from
different patients, so these studies could not exclude the
possibility that HCC and adjacent non-neoplastic paren-
chyma have similar GPC3 expression[lzm. We can pre-
sume that retained carcinoma cells in the adjacent non-
neoplastic parenchyma of surgical specimens with large
tumors and tumor invasion may be the cause of GPC3
protein expression or GPC3 mRNA overexpression. This
suggests that detection of GPC3 expression in adjacent
non-neoplastic parenchyma could indicate whether or
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not the tumor is completely resected. It may also serve
as a reference value in deciding if further treatment after
resection is required.

Although GPC3 mRNA and protein show expres-
sion in HCC tissues, in our previous study, we examined
GPC3 mRNA-expressing cells in peripheral blood in
liver-transplant recipients during the transplant period,
and found no clinical diagnostic value for HCC. Studies
showed that GPC3 was a potential serologic diagnostic
matker for HCC. However, the diagnostic value of GPC3
protein in sera remains questionable. Yasuda e# 2/* found
that GPC3 is not a serologic marker for detection of
HCC. We speculate that GPC3 serves as a potential tissue-
specific diagnostic marker for HCC. Some liver-transplant
candidates undergo locoregional tumor treatments, so ob-
taining tissue samples for preoperative molecular marker
analyses would not be problematic.

In the clinicopathological analysis, TNM stages, Milan
criteria, tumor diameter, tumor number, or serum AFP
levels were not clearly associated with increase in GPC3
expression. GPC3 may therefore play an important part
in the malignant transformation of cells in HCC. Up
until now, AFP has been regarded as the most useful
marker of HCC, although its sensitivity is limited””. Our
data show that GPC3 mRNA and protein expression in
HCC without serum AFP elevation (< 20 ug/L) were
54% and 54%, respectively, and in HCC of diameter < 5
cm were 56% and 69%, respectively. These findings sug-
gest that GPC3 is a sensitive marker in small HCC and
negative-serum AFP patients not only in resection”?”!
but also in OLT. Vascular invasion has been consistently
reported to be a significant factor for a poor prognosis
after liver transplantation for HCC T, Interestingly,
in the present study, vascular invasion was significantly
related to GPC3 expression. Zhu et al'” using in-situ hy-
bridization signals, showed that pushing HCC expressed
significantly more GPC3 mRINA than the invading HCC.
Their observations suggested that GPC3 may promote
the growth of local cancer cells, and may also inhibit tis-
sue invasion and metastasis. Their finding is different to
ours. In addition, expression of GPC3 was lower in well-
differentiated HCC than in moderately and poorly differ-
entiated HCC, though the difference was not statistically
significant, a finding consistent with previous reportsm’1 I
The present study suggests that GPC3 expression may
facilitate the growth of cancer cells, the degree of malig-
nancy, and contribution to HCC progression.

Recurrence of HCC after transplantation remains a
formidable problem despite refined selection criteria and
exhaustive preoperative staging. In the present study, re-
currence-free survival was longer in patients who had tu-
mors with no evidence of vascular invasion. Microscopic
vascular invasion in the explant is known to be a risk fac-
tor for HCC recurrence after transplantation. In addition,
recurrence-free survival was longer in patients who met
the Milan criteria, though the difference was not statisti-
cally significant. This could be because (1) the sample size
in the present study was relatively small to allow apprecia-

May 21, 2012 | Volume 18 | Issue 19 |



tion of significant differences in the frequency of HCC
recurrence in the groups; and (2) the patients in the Milan
group had worse pathological stages. In our previous
study, GPC3 mRNA-expressing cells in peripheral blood
carried no predictive value for HCC recurrence after liver
transplantationw. Hence, we used liver tissue instead of
peripheral blood to determine if GPC3 expression in
tumor tissues was associated with HCC recurrence after
liver transplantation. In the present study, HCC patients
with GPC3 mRNA overexpression had a significantly
shorter recurrence-free survival than those with lower
GPC3 mRNA expression after liver transplantation. This
finding indicated that GPC3 mRNA overexpression could
be an independent factor of a poor prognosis in HCC.
Thus, we hypothesized that GPC3 may have a role in pro-
moting carcinogenesis and in the development of HCC.

In general, GPC3 has been reported to interfere with
different pathways and growth factors, and has a tissue-
and stage-specific role in the development and tumor
growth[zs]. Ishiguro et al” showed that anti-GPC3 anti-
body can be used as a potential antitumor agent for hu-
man liver cancer, and can provide a novel treatment op-
tion for liver-cancer patients with GPC3-positive tumors.
Evaluation of GPC3 as a diagnostic and immunothera-
peutic target may be worthwhile for the prevention and
treatment of HCC. Further studies must be completed to
clarify these issues.

In conclusion, GPC3 is a valuable diagnostic marker
sensitive and specific for HCC in liver-transplant patients.
The most valuable finding in the present study was that
GPC3 mRNA overexpression may act as a prognostic
factor for recurrence-free survival in HCC after liver
transplantation. The number of samples used in the pres-
ent study was small. Confirmation of the findings of our
study using more samples is warranted.
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Given the current shortage of organs and the risk of aggressive recurrence,
selection of candidates for liver transplantation is crucial and controversial. Es-
tablishment of direct and accurate methods to detect hepatocellular carcinoma
(HCC) and predict HCC recurrence after liver transplantation is needed.

Research frontiers

Glypican-3 (GPC3) has been discovered to be a potential serologic and immu-
nohistochemical diagnostic marker for HCC. Despite clinical interest in GPC3,
until now, the relationship between GPC3 expression and post-transplant HCC
recurrence has not been clarified.

Innovations and breakthroughs

In the previous study, the level of GPC3 mRNA in peripheral blood had no clini-
cal value in assessing tumor recurrence after liver transplantation. Therefore,
the present study further examined the diagnostic value of GPC3 expression as
retrospectively analyzed by real-time reverse transcription- polymerase chain
reaction and immunohistochemistry in explant tumor samples. The principal
finding was that GPC3 mRNA overexpression may act as an adverse indicator
for HCC patients after liver transplantation because it was associated with sig-
nificantly shorter recurrence-free survival.

Applications

The results of the present study suggest that GPC3 is a valuable diagnostic
marker sensitive and specific for HCC in liver-transplant patients. Also, GPC3
mRNA overexpression may act as a prognostic factor for recurrence-free sur-
vival in HCC after liver transplantation.
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Terminology

GPC3 is a heparan sulfate proteoglycan which is bound to the cell surface by
a mechanism involving the glycosylphosphatidylinositol anchor. GPC3 is highly
expressed in fetal but not in normal adult liver.

Peer review

Authors focused on the role of GPC3 mRNA and protein expression in the
diagnosis of recurring HCC after liver transplantation. For this purpose, pa-
tient samples were analyzed according to clinicopathological features, mMRNA
expression levels, protein expression, and recurrence-free survival. They con-
cluded that GPC3 expression could serve as a diagnostic marker for HCC and
as an adverse indicator for HCC patients after liver transplantation.
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