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Abstract The purpose of this study was to investigate
GPC3 gene expression in lung squamous cell carcinoma
tissue and its correlation with clinical and tumor charac-
teristics. Using RT-PCR, the presence of GPC3 gene
expression was detected in cancer tissue and adjacent
normal tissue in 66 cases of lung squamous cell carcinoma
and positive rates were calculated. Using Western blot,
changes in GPC3 protein expression were detected in lung
squamous cell carcinoma and adjacent normal tissues. The
percentage of tissue samples expressing GPC3 mRNA was
significantly higher in lung squamous cell carcinoma than
in adjacent normal tissue (P < 0.05). This percentage was
also significantly higher for cases with lymph node
metastasis than for those without lymph node metastasis
(P < 0.05). Further, the percentage of samples expressing
GPC3 mRNA was higher with lowering degrees of tumor
differentiation (P < 0.05). Rates of GPC3 expression were,
however, independent of patient gender, age, and tumor
size (P > 0.05). The expression of GPC3 protein in lung
squamous cell carcinoma was significantly higher than that
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in adjacent normal tissues (P < 0.05). The expression in
cases with lymph node metastasis was significantly higher
than in those without lymph node metastasis (P < 0.05),
and GPC3 protein expression increased with lowering
degrees of tumor differentiation (P < 0.05). Further
investigation is warranted for the association of initiation,
development, invasion, and metastasis of disease.

Keywords GPC3 - Lung squamous cell carcinoma -
RT-PCR - Western blot

Introduction

Despite great progress in the treatment of lung cancer, the
survival rate remains poor. The main reason for this poor
survival is the complex biological characteristics of lung
cancer [1]. Currently, lung cancer research focuses on
discovering tumor markers involved in the regulation of
cell cycle, apoptosis, and tumor angiogenesis.
Phosphatidylinositol ~ proteoglycan-3  (Glypican-3,
GPC3) is a member of the heparan sulfate proteoglycan
(HSPG) family. Currently, six members (GPC1, GPC2,
GPC3, GPC4, GPCS5, and GPC6) have been identified in
this family. Among them, GPC3 is an extracellular gly-
coprotein that can regulate cell proliferation as a tumor
suppressor gene [2]. Since its discovery in 1995, GPC3 has
continued to gain attention and has been found to be clo-
sely related to the occurrence, development, and the
prognosis of a variety of tumors, including ovarian cancer,
gastric cancer, liver cancer, melanoma, and others [3-7].
Interestingly, the expression patterns of GPC3 vary in
different tumors. Research has shown that the expression of
GPC3 is upregulated in hepatocellular carcinoma, Wilms’
tumor, neuroblastoma, and melanoma, with low or no
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expression in the tissues surrounding the tumor. It may also
function as the carcinoembryonic antigen (CEA) protein
[8-10]. However, compared with normal tissue, the GPC3
expression is decreased in breast and ovarian cancer, where
it may function as a potential tumor suppressor by induc-
tion of apoptosis [11, 12]. Although it is known that the
expression patterns of GPC3 vary in different tumor tis-
sues, it is unclear how GPC3 is expressed in lung squamous
cell carcinoma, and, to date, few studies have been repor-
ted. Kim et al. [13, 14] found that GPC3 expression was
decreased in lung adenocarcinoma. Patients with lung
adenocarcinoma expressing GPC3 had a better prognosis
than those patients with no tumor GPC3 expression. Daniel
et al. [15] reported that the positive rate of GPC3 expres-
sion was 54% in lung squamous cell carcinoma, 10% in
lung adenocarcinoma, and 10% in large cell lung cancer,
suggesting that GPC3 expression in lung cancer tissue
varies by carcinoma type.

Using RT-PCR to evaluate GPC3 mRNA levels and
Western blot to evaluate GPC3 protein levels, we designed
this study to detect changes in GPC3 expression in lung
squamous cell carcinoma and in the adjacent normal tissue,
as well as to explore the relationship between these
expression changes and the biological characteristics of
lung squamous cell carcinoma, such as degree of differ-
entiation, metastasis, etc. We further discuss the associa-
tion of GPC3 expression with the occurrence, development,
invasion, and metastasis of lung squamous cell carcinoma;
data such as this may one day provide the tools necessary
for early diagnosis, more accurate estimation of prognosis,
and targeted treatment for this disease.

Materials and methods
Specimens

Fresh resection tissue specimens were collected from 66
patients with squamous cell carcinoma in our hospital from
March 2008 to March 2010. Both derived cancer tissue and
its adjacent normal tissue were collected for each case.
Samples were preserved in liquid nitrogen immediately and
stored for later testing. Our sample population included 36
men and 30 women. The patients were aged 28—72 years
old (mean = 58 years old); 38 patients were younger than
60 years old, with the remainder aged 60 years or older.
Without any preoperative treatment, the 66 cases were all
pathologically diagnosed as squamous cell carcinoma. The
degree of differentiation for these cases was as follows:
highly differentiated in 20 cases, moderately differentiated
in 24 cases, and poorly differentiated in 22 cases. Forty-
five cases presented with lymph node metastasis, while 21
cases presented without lymph node metastasis. The
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primary tumor was less than 3 cm in 28 cases and was
greater than or equal to 3 cm in 38 cases.

Reagents

Main reagents include but were not limited to the follow-
ing: Trizol kit (INVITROGEN); RT-PCR kit (GIBCO-
BRL); RIPA lysate buffer [1% NP-40, 1% Deoxycholate,
0.1% SDS, 500 mM Tris, 150 mM NaCl, 1 mM PMSF,
and 19 Protease Inhibitor Cocktail (Roche, New Jersey,
USA)]; TBST (10 mM Tris—HCI, pH 7.5, 150 mM NaCl,
and 0.1% Tween-20). The GPC3 (GI: 23271173) upstream
primer was 5-CAGCTCCTGAGAACCATGTCTATG-3,
and the downstream primer was 5'-CCCTTCCTCATC-
CAGGTTTTT-3'. The GAPDH (GI: 163954974) upstream
primer was 5-AATCCCATCACCATCTTCC-3', and the
downstream primer was 5’-CATCACGCCACAGTTTCC-
3’. All primer sequences were provided by Shanghai
Invitrogen Biotechnology Co. Ltd. The GPC3 primary
antibody was rabbit anti-human polyclonal antibody
(Abcam, UK); the secondary antibody was HRP-labeled
goat anti-rabbit polyclonal antibody (Abbiotec Co., USA).
The internal reference was goat anti-human GAPDH
polyclonal antibody (Abcam, UK). The secondary antibody
was HRP-labeled goat anti-rabbit polyclonal antibody
(Abbiotec Co., USA). ECL chemiluminescence reagent
was used for Western detection (Pierce Co., USA), and the
BCA protein concentration assay kit was a product of the
domestic Beyotime Institute of Biotechnology.

RT-PCR

A 100 mg sample of both cancer tissue and adjacent tissue
was obtained. For each sample, 1 ml Trizol reagent was
added and homogenized. After transferring the sample to a
1.5-ml centrifuge tube, 0.2 ml chloroform was added and
the preparation was shaken for 20 s and then incubated for
3 min. After the sample was centrifuged at 12,000g for
10 min, the aqueous supernatant was taken; 0.5 ml of
isopropanol was added and the preparation was mixed
gently. After incubation at room temperature for 10 min,
the preparation was centrifuged at 15,000 r/min for 10 min
and the supernatant was discarded. Adding 1 ml 75%
ethanol, the precipitate was gently washed and centrifuged
and the supernatant was discarded; after dry out, the pre-
cipitate was dissolved with 20 pl of DEPC water (65°C
dissolution for 10-15 min). After this, the RT reaction was
performed. In the 20 pl of reaction volume, 1.0 pg of total
RNA was added and incubated at 37°C for 1 h. The sam-
ples were inactivated at 95°C for 5 min and then imme-
diately incubated in ice. They were stored at —20°C for
later use. Primers were designed, followed by PCR. In a
25 ul PCR system, 5 pul cDNA was added. The



Med Oncol (2012) 29:663-669

665

amplification conditions were as follows: initial denaturing
at 94°C for 3 min, denaturing at 94°C for 30 s, annealing at
56°C for 30 s, extension at 72°C for 30 s; after 30 cycles,
final extension at 72°C for 10 min. The PCR products were
detected by 1.5% agarose gel electrophoresis.

Western blot

Each tissue sample (100 mg, preserved in liquid nitrogen)
was ground and then homogenized with 1 ml RIPA lysate
buffer. The homogenate was transferred to a 1.5-ml cen-
trifuge tube and centrifuged at 16,000g for 30 min. The
supernatant was saved, and its protein concentration was
determined by the BCA method. The protein sample of
lung squamous cell carcinoma or adjacent tissue was
obtained by mixing 10 pg of cancer or adjacent tissue,
respectively, from each case. The lymph node metastasis-
positive group was the mixture of 10 pg samples from all
the individual patients with positive lymph node metasta-
sis; the lymph node metastasis-negative group was the
mixture of 10 pg samples from all the individual patients
with negative lymph node metastasis. The high differenti-
ation group was the mixture of 10 pg samples from all the
individual patients with highly differentiated tumors; the
moderate differentiation group was the mixture of 10 pg
samples from all the individual patients with moderately
differentiated tumors; the low differentiation group was the
mixture of 10 pg samples from all the individual patients
with poorly differentiated tumors. After the 6% stacking
gel and the 12% separation gel were cast, 50 pg of total
protein were applied to each lane and the electrophoresis
separation was performed. The protein from the gel was
then transferred to a PVDF membrane by semi-drying
transfer (Amresco, USA). The PVDF membrane was
blocked with TBST solution containing 5% skim milk at
room temperature for 1 h. Then the rabbit anti-human
polyclonal GPC3 antibody (1:1,000 dilution) and the goat
anti-human GAPDH polyclonal antibody (1:1,000 dilution)
were added in one by one, with overnight incubation at
4°C. The HRP-labeled goat anti-rabbit IgG (1:2,000 dilu-
tion) and the HRP-labeled goat anti-rabbit polyclonal
antibody (1:2,000 dilution) were then added, with incuba-
tion at 37°C for 1 h. After TBST washing, ECL chemilu-
minescence reagent was used for autoradiography. The
relative content of GPC3 was represented by the gray scale
ratio of GPC3/GAPDH. The gray scale was analyzed with
QuantityOne software (Bio-Rad, USA).

Statistical analysis
Stata 7.0 software was used for statistical analysis. y* tests

and ¢ tests were performed. Results were considered sta-
tistically significant at P < 0.05.

Results

By RT-PCR, the percentage of samples expressing GPC3
mRNA was 51.52% (34/66) in lung squamous cell carci-
noma and 12.12% (8/66) in the adjacent tissues; this was a
statistically significant higher rate of GPC3 mRNA
expression in lung squamous cell carcinoma tissues com-
pared with the adjacent tissues (P < 0.05). The percentage
of samples expressing GPC3 mRNA was significantly
higher in cases with lymph node metastasis than in those
without lymph node metastasis (P < 0.05). With decreas-
ing degree of tumor differentiation, there was a higher
percentage of samples expressing GPC3 mRNA
(P < 0.05). The percentage of samples expressing GPC3
mRNA was, however, independent of patient gender, age,
and tumor size (P > 0.05). Data are shown in Table 1.

Western blot results showed that the GPC3 protein
expression in lung squamous cell carcinoma was signifi-
cantly higher than that in adjacent normal tissue
(P < 0.05). The expression in samples from patients with
lymph node metastasis was significantly higher than those
from patients without lymph node metastasis (P < 0.05).
With decreasing degree of tumor differentiation, there was
higher expression of GPC3 protein (P < 0.05). The results
are shown in Fig. 1.

Discussion

All of the HSPG family members are composed of a gly-
cosaminoglycan (GAG) connected to core proteins. The
core proteins have a similar size (60 kDa). A repeat
sequence containing Ser—Gly in the C terminus forms the
HS binding site, which anchors to the cell membrane by
covalently binding with glycosyl phosphatidylinositol
(GPI). As the HS chain interacts with a number of large,
functional bio-molecules (including growth factors and
their receptors, extracellular matrix proteins and adhesion
molecules), it is currently believed that HSPG is involved
in regulating cell proliferation, differentiation, adhesion,
and migration. It may also be involved in organ growth and
suppressing or regulating most of the mesoderm tissue
[16]. In the human embryo, GPC3 has high expression in
the gastrointestinal tract and tissues of mesoderm origin. In
adults, it has low expression only in a few tissues, such as
the lung, kidney, heart, and ovary [17].

GPC3 plays an important regulatory role in cell growth
and development. Its expression varies widely in different
malignant tumors and is closely related to variety of tumors,
including liver cancer, malignant melanoma, ovarian can-
cer, and breast cancer. It plays different roles in different
tumors, where these may be the exact opposite, depending
on the cancer [3-7]. Interestingly, the expression patterns of
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:;l\:::e:l ggz;eﬁgﬁihlp Characteristic No. Positive rate of GPC3 12 P
expression in lung squamous mRNA (%)
cell carcinoma and patient Cancer/adjacent tissue 66 8 (12.12) 23.6063 0.0000
clinical and tumor .
characteristics Cancer tissue 66 34 (51.52)
Gender
Male 36 19 (52.78) 0.0506 0.822
Female 30 15 (50.00)
Age
<60 35 18 (51.43) 0.0002 0.988
> 60 31 16 (51.62)
Tumor size (cm)
<3 28 13 (46.43) 0.5038 0.478
>3 38 21 (55.26)
Degree of tumor differentiation
High differentiation 20 6 (40.00) 9.8606 0.007
Moderate differentiation 24 11 (41.67)
Low differentiation 22 17 (72.73)
Lymph node metastasis
Negative 21 6 (28.57) 6.4914 0.011
Positive 45 28 (62.22)
I A B c D E F G .
— o carcinoma [3, 21]. Zhu et al. [22] found that mRNA of
_ GPC3 had low or even no expression in normal liver tissue,
GAPDH o s - liver focal nodular hyperplasia, and cirrhosis of the liver;
% . ; however, in the 30 cases of hepatocellular carcinoma in the
m 2 | study, 20 cases showed significant expression and 5 cases
e 1 had moderate expression. The average increase in the
g 0.8 expression of GPC3 mRNA in hepatocellular carcinoma
Lo was significant compared with that in normal liver tissue (an
g 0.4l ]. increase of 21.7 times, P < 0.01). Compared with tissue
_— from patients with hepatic focal nodular hyperplasia and
. _ |i'| m . . . D . cirrhosis, the expression of GPC3 mRNA in hepatocellular
A B c D E F G carcinoma is increased by 7.2-fold (P < 0.05) and 10.8-fold

Fig. 1 The expression of GPC3 protein in lung squamous cell
carcinoma and in the adjacent tissues (A: lung squamous cell
carcinoma, B: cancer/adjacent tissue, C: negative lymph node
metastasis, D: positive lymph node metastasis, E: low differentiation,
F: moderate differentiation, G: high differentiation); II The changes
in relative expression of GPC3 protein in lung squamous cell
carcinoma and in the adjacent tissues (asterisks indicates P < 0.05,
A: lung squamous cell carcinoma, B: cancer/adjacent tissue,
C: negative lymph node metastasis, D: positive lymph node
metastasis, E: low differentiation, F: moderate differentiation,
G: high differentiation)

GPC3 vary in different tumors. Research has shown that the
expression of GPC3 was upregulated in hepatocellular
carcinoma, Wilms’ tumor, neuroblastoma, hepatoblastoma,
melanoma, testicular germ cell tumors, and others [8-10,
18-20], with low or no expression in tissues surrounding the
tumor. It may function as the carcinoembryonic antigen
(CEA) protein. GPC3 can be used diagnostically as serum
and immunohistochemical markers of hepatocellular
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(P < 0.01), respectively. Therefore, in most cases, one can
determine whether liver disease is benign or malignant
based on the GPC3 expression. A study by Ho et al. [21]
suggests that GPC3 can act as a new tumor immunotherapy
target. IGF-2 is known to be an important growth factor in
the early stages of tumor development. GPC3 can specifi-
cally bind to IGF-2, which plays a role in the signal trans-
duction pathway mediated by IGF-2 [23]. However, the
most recent study on this subject found that the GPC3
knockout hepatoma (HepG2) can significantly promote the
growth of liver tumor cells; however, inhibition by GPC3
does not function by downregulating the signal transduction
of IGF-2. Therefore, the relationship between GPC3 and
IGF-2 in cancer occurrence and development still needs
further study. Toretsky et al. found that the expression of
GPC3 was upregulated in Wilms’ tumor and hepatoblas-
toma, whereas low or no expression was detected in the
tissues surrounding the tumor. They proposed that the high
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expression of GPC3 in Wilms’ tumor and hepatoblastoma
tissues may promote tumor growth [8]. Nakatsura et al.
found that there was significant expression of GPC3 in more
than 80% of melanoma tumor tissues. GPC3 expression was
detected in the serum of 39.6% of patients, while no GPC3
was detected in the serum of healthy individuals (60 cases).
In stage O, I, and II melanoma, positive rates of GPC3 in the
serum of melanoma patients (44.4, 40.0, and 47.6%,
respectively) were significantly higher than those of 5-S-
cysteinyldopa (0.0, 8.0, and 10.0%, respectively). After
surgical treatment, GPC3 was no longer detectable in the
serum of 11 patients. These data suggest that GPC3 can be a
very effective diagnostic marker of melanoma, especially in
the early stages [10].

However, compared with normal tissue, the GPC3
expression is decreased in breast cancer [11, 17], ovarian
cancer [12, 24], and mesothelioma [9]. It may function as a
potential tumor suppressor, by inducing apoptosis. The
decreased GPC3 expression in breast cancer may be related
to the hyper-methylation of the GPC3 promoter. In addi-
tion, ectopic expression of GPC3 inhibited the growth of
80% of breast cancer cell lines [25]. A study using a mouse
breast cancer cell line transfected with the rat GPC3 gene
found that there were very few local invasions in this cell
line compared with the control group. Almost no experi-
mental spontaneous growth and lung metastases were
observed, with increased sensitivity to apoptosis. Further,
the GPC3-transfected samples showed a high expression of
cadherin and f-catenin proteins. The downregulation of
these proteins was associated with the degree of malig-
nancy of breast cancer. Meanwhile, the expression of
GPC3 can also inhibit the activity of MMP2 [11]. Lin et al.
found that the expression of GPC3 was silenced in ovarian
carcinoma tissue, and the ectopic expression of GPC3
inhibited the growth of the ovarian cancer cell line. In
addition, GPC3 mRNA expression in advanced ovarian
cancer was lower than that in lower-stage cancer, sug-
gesting that this gene may be involved in ovarian cancer
disease progression [12]. Gonzalez et al. [15] confirmed
that GPC3 can induce apoptosis of the mesothelioma cell
line II 14 and the breast cancer cell line MCF-7, but such
effects can be reversed by exogenous IGF-II peptide. The
apoptosis function was lost after mutating the GPI anchor
protein so that it could no longer be anchored to the surface
of cell membrane, but the apoptotic function remained
intact after mutating its GAG binding site in the protein.
Therefore, these data suggest that the apoptosis function of
the GPC3 gene may be related with GPI, and the GPC3-
induced apoptosis is cell specific. For NIH3T3 and HT29
colon cancer cell lines, apoptosis cannot be induced by
GPC3. Murthy et al. found that the decreased GPC3
expression in mesothelioma was related to the hyper-
methylation of its promoter. After a 2-h treatment with

DAC (2-Deoxy-5-azacytidine) to the mesothelioma cell
line, the expression of GPC3 returned to normal. Further,
the ectopic expression of GPC3 can inhibit the formation of
colony in mesothelioma cells [9]. Therefore, GPC3 may
serve as a tumor suppressor gene in the occurrence and
development of breast cancer, ovarian cancer, and meso-
thelioma, functioning by inhibition of tumor occurrence
[2]. Song et al. [26] found that the deletion of GPC3 in vivo
can inhibit the nonclassical Wnt/JNK signaling pathway, as
well as enhancing the activity of classic Wnt/f- catenin
pathway. In vitro, GPC3 in mesothelioma cells can
enhance the activity of JNK responding to Wnt5a. There-
fore, in some cell types, GPC3 may be a selective mediator
in the Wnt signaling pathway.

This study detected changes in GPC3 expression in lung
squamous cell carcinoma, using mRNA levels determined
by RT-PCR and protein levels determined by Western blot.
In our study, we found that a greater percentage of lung
squamous cell carcinoma samples expressed GPC3
mRNA, compared with adjacent normal tissues. A higher
percentage of expression was seen in tissues from patients
with lymph node metastasis, compared with patients with
no lymph node metastasis, and in samples from patients
with a tumor with a lower degree of differentiation, com-
pared with more highly differentiated tumors. GPC3 pro-
tein expression showed a similar pattern.

Kim et al. found that GPC3 expression was decreased in
lung adenocarcinoma [13, 14]. Patients with lung adeno-
carcinoma expressing GPC3 had a better prognosis than
those patients with no GPC3 expression. Daniel et al. [15]
reported that the positive rate of GPC3 expression was 54%
in lung squamous cell carcinoma, 10% in lung adenocar-
cinoma, and 10% in large cell lung cancer. Our study found
that the positive rate of GPC3 expression was 51.52% in
lung squamous cell carcinoma, which is consistent with the
results reported by Daniel et al. The expression of GPC3 in
lung squamous cell carcinoma may be related to its function
as CEA protein, which could promote tumor growth. The
GPC3 expression positive rate was especially high in poorly
differentiated lung squamous cell carcinoma. Therefore,
GPC3 expression can serve as a prognosis indicator for lung
squamous cell carcinoma. Lee et al. found that the classic
Wnt pathway played an important role in the occurrence
and development of lung squamous cell carcinoma [27].
This study also found high GPC3 expression in lung squa-
mous cell carcinoma. This highly expressed GPC3 may be
anchored in the cell membrane by GPI, so that it can adhere
and bind to Wnt, resulting in the formation of a GPC3-Wnt
complex. This increases the interaction between the ligand
and the receptor in the Wnt pathway and promotes the high
expression of Wnt. The increased Wnt protein binds to the
cell surface receptor Fz, activating Wnt signaling. This
causes the expression of targeted genes (lung cancer-related
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genes), leading to uncontrolled proliferation of lung epi-
thelial cells and cancer. Further investigation is still
required to determine the specific mechanisms. Zynger et al.
studied differential GPC3 expression in germ cell tumors
composed of different tissues, which suggested that GPC3
may play a role in tumor differentiation [18]. The results of
our study showed that GPC3 might plays an important role
in the occurrence and development of lung squamous cell
carcinoma and is closely related to the degree of differen-
tiation and the invasive ability of the tumor. Further
investigation is warranted to describe the relation of whe-
ther GPC3 protein contributes to the mechanism of occur-
rence, development, differentiation, and invasiveness of the
tumor.

In conclusion, if GPC3 is expressed in the normal tissue,
little or no GPC3 is expressed in the tumor tissue; if GPC3
is not expressed in the normal tissue, GPC3 is normally
expressed or even highly expressed in the tumor tissue
[18]. Thus, the relationship between GPC3 and its function
in normal and tumor tissues is complicated. Functionally, it
may participate in and/or influence the signaling of various
growth factors. Further study is required to determine the
mechanism of silencing or upregulation of its expression in
different tumor tissues. The relationship between GPC3
expression and cancer is complicated, with differing and
sometimes opposite roles in different tumor types. Addi-
tional in-depth study of GPC3 would help to further elu-
cidate the role of GPC3 expression on the occurrence and
development of tumors.
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