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ABSTRACT. In this study, we examined the expression of glypican-3
(GPC3) in the 2 most common histological types of lung cancer,
squamous cell carcinoma and adenocarcinoma, and explored the
relationship between GPC3 expression and the prognosis of these 2
types of lung cancers. Lung cancer tissues and paracancerous tissues
were collected from a total of 60 patients with lung squamous cell
carcinoma or lung adenocarcinoma. GPC3 gene and protein expression
in the tissue samples was examined using fluorescence-based real-
time quantitative polymerase chain reaction, immunohistochemistry,
and western blot analysis. In addition, the serological levels of GPC3
protein in lung cancer patients were analyzed using enzyme-linked
immunosorbent assays. The overall expression of GPC3 protein in
lung cancer was 45% (21/60). No GPC3 expression was detected in
paracancerous lung tissues. Positive expression of GPC3 protein in
lung squamous cell carcinoma was significantly higher than that in lung
adenocarcinoma (70 vs 20%, P < 0.001). Among GPC3-positive lung
squamous cell carcinoma and lung adenocarcinoma samples, samples
collected from patients with lymph node metastasis and patients
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with poorly differentiated cancer exhibited more pronounced GPC-3
expression. GPC3 protein expression was significantly higher in lung
squamous cell carcinoma than in lung adenocarcinoma. GPC3 may be a
candidate marker for detecting lung squamous cell carcinoma.

Key words: Glypican-3; Lung adenocarcinoma;
Lung squamous cell carcinoma

INTRODUCTION

Glypican-3 (GPC3) is a membrane-bound proteoglycan that was discovered in pa-
tients with Simpson-Golabi-Behmel syndrome in 1996 by Pilia et al. (1996). GPC3 is a
66,000-kDa protein belonging to the heparan sulfate proteoglycan family. This protein is dis-
tributed on the cell surface and in the extracellular matrix. Mutation and abnormal expression
of GPC3 protein have been associated with malignant tumors (Umezu et al., 2010; Kim and
Kang, 2013; Greten et al., 2013; Feng and Ho, 2014). GPC3 is a member of the superfamily of
membrane-bound heparan sulfate proteoglycans. GPC3 is a complex glycoconjugate consist-
ing of covalently linked proteins, lipids, and carbohydrates. The carboxyl terminus of GPC3 is
anchored to the cytoplasmic membrane via a glycosyl phosphatidylinositol linkage. Through
interactions with the extracellular matrix, cell growth factors, and proteases, GPC3 regulates
the proliferation, differentiation, adhesion, and metastasis of the tumor cells. The amino termi-
nus of GPC3 is also observed in the soluble form of the GPC3 protein, which can be secreted
into the peripheral blood by tissues and cells (Aviel-Ronen et al., 2008). Recent studies have
confirmed that GPC3 is closely related to the development, progression, and prognosis of ma-
lignant tumors, such as hepatocellular carcinoma, and may serve as a valuable tumor marker
for the early diagnosis of hepatocellular carcinoma (Magistri et al., 2013). Correlations have
been observed between GPC3 and the degree of tumor differentiation, tumor metastasis, and
tumor recurrence. In addition, GPC3 expression has been found to be closely related to tumor
size (Xu et al., 2013).

Lung cancer is one of the most common malignancies. The prognosis of lung can-
cer patients is related to the pathological type of the lung cancer. To date, few studies have
examined the relationship between GPC3 and lung cancer. Lin et al. (2012) observed that
lung squamous cell carcinoma tissues express a significantly higher level of GPC3 protein
compared with paracancerous tissues, indicating the potential diagnostic value of GPC3 in
lung squamous cell carcinoma. However, GPC3 expression in other pathological types of lung
cancer remains unclear. In this study, we investigated differences in GPC3 expression between
lung squamous cell carcinoma and lung adenocarcinoma.

MATERIAL AND METHODS
Sample source and handling

Lung cancer tissues and paracancerous tissues (tissues 2 cm from the tumor margins)
were collected from 60 primary lung cancer patients who underwent surgical resection in the
Oncology Department of Gongli Hospital of Pudong New Area, Shanghai, between May 2009
and September 2012, including 30 cases of lung squamous cell carcinoma and 30 cases of lung
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adenocarcinoma. Tissue samples were 1 x 1 cm in size and were collected immediately after
surgery. All tissue samples were stored in liquid nitrogen for future assays. In addition, 5 mL
fasting venous blood was collected from all patients included in the present study to determine
serological GPC3 levels.

Experimental approach for determining GPC3 levels

The serologic concentrations of GPC3 were assessed using an enzyme-linked immu-
nosorbent assay kit purchased from R&D Systems, Inc. (Minneapolis, MN, USA) according to
manufacturer instructions. The absorbance value (A value) in each well at the dual-wavelength
of 450/630 nm was measured using the BioRad-500 ELISA reader (Hercules, CA, USA). Us-
ing the 4-parameter logistic curve fit generated using the software, a standard curve for GPC3
protein concentration was established. The concentration of GPC3 protein in each serum sample
was determined by comparing the A value of the sample to the standard curve.

Immunohistochemistry analysis of GPC3 protein expression

Anti-GPC3 antibody was purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz,
CA, USA). The antibody titer was 1:200. All tissue samples were fixed in 10% formalin and
embedded in paraffin. Next, 4-uM serial sections were prepared, placed onto glass microscope
slides, and incubated in a 65°C oven for 2 h to melt the paraffin. The tissue sections were then
dewaxed, re-hydrated, and subjected to antigen retrieval for 15 min in sodium citrate buffer.
Following antigen retrieval, the tissue sections were treated with hydrogen peroxide for 15 min
to block endogenous peroxidase activity. The sections were incubated with anti-GPC3 antibody
overnight at 4°C, followed by 30 min-incubation at room temperature. The sections were then
incubated with a primary antibody enhancer at room temperature for 20 min, rinsed, incubated
with horseradish peroxidase-conjugated secondary antibody in a 37°C water bath for 30 min,
and subjected to 3,3’-diaminobenzidine chromogenic staining and hematoxylin counterstaining.

Evaluation of immunohistochemical staining results

The results of immunohistochemical staining were evaluated using a double-blind
method. GPC3 protein was expressed primarily in the cytoplasm and stained brownish yellow.
The background was virtually colorless. GPC3 immunostaining was scored according to the
quantitative scoring system described by Tanaka et al. (2011). Briefly, 5 high-power micro-
scopic fields (400X) were randomly selected in each tissue section, and 200 cancer cells were
observed in each high-power field. The total number of cells and number of GPC3-positive
cells were counted, and each field was scored based on the percentage of GPC3-positive cells.
The scores were as follows: 1 point, <5% positive cells; 2 points, >5-25% positive cells; 3
points, >25-50% positive cells; and 4 points, >50% positive cells. In addition, a second score
was assigned to each field for staining intensity. The scores were as follows: 0 points, color-
less; 1 point, light yellow; 2 points, brownish-yellow; and 3 points, dark brown. The final
score for each tissue section was obtained by multiplying the 2 scores of each field and then
calculating the average of the 5 selected fields. Final scores were categorized into 4 ranks: -,
0-1 point; +, 2-4 points; ++, 5-8 points; and +++, 9-12 points. - was considered negative; +,
weakly positive; ++, moderately positive; and +++, strongly positive.
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Reverse transcription polymerase chain reaction (RT-PCR) analysis

Expression levels of GPC3 mRNA in the tissue samples were analyzed using RT-PCR
analysis. The primer sequences were as follows: forward primer, 5-TGCTCTTACTGCCAG
GGACT-3"; reverse primer, 5'-GCTTTCCTGGATTCTTCTGG-3'. PCR amplification condi-
tions were as follows: 25-uL. PCR mix containing 5 pL. cDNA; pre-denaturation at 94°C for 5
min; 30 cycles of denaturation at 94°C for 30 s, annealing at 58°C for 1 min, and extension at
72°C for 45 s; and final extension at 72°C for 10 min. PCR products (5 uL each) were analyzed
by electrophoresis on a 1.5% agarose gel containing 0.5 pg/mL ethidium bromide.

Total protein extraction

A total of 50 mg frozen tissues were ground and transferred to 1.5-mL Eppendorf
tubes. The tissues were mixed with 1 mL lysis buffer, lysed on ice for 30 min, and sonicated
for 30 s. Sonication was performed in an ice bath with a 6-s pause between 6-s sonication
bursts. Air bubbles were carefully avoided during the sonication process. Lysates were centri-
fuged at 15,000 g and 4°C for 1 h. Supernatants were collected, aliquoted (100 pL/vial), and
stored at -80°C. Protein concentrations were determined using the bicinchoninic acid protein
assay kit according to the manufacturer instructions.

Western blot

Protein preparations corresponding to different histological types of lung cancer tis-
sues were obtained by mixing total proteins exacted from each type of cancer tissue samples
(10 pg protein per tissue sample). Similarly, protein preparations corresponding to paracancer-
ous normal tissues were derived from the mixture of total proteins exacted from each para-
cancerous tissue sample (10 pg protein per tissue sample). These samples were subjected
to sodium dodecyl sulfate polyacrylamide gel electrophoresis, with 40 pg protein loaded in
each lane. After electrophoresis, the proteins were transferred to a polyvinylidene difluoride
membrane. The membrane was blocked, probed with primary antibodies at 4°C overnight, and
incubated with horseradish peroxidase-conjugated secondary antibodies at 37°C for 1 h. After
washing, target proteins were visualized using enhanced chemiluminescence reagents and au-
toradiography. The relative content of GPC3 protein was expressed as the gray-scale ratio of
GPC3 to glyceraldehyde 3-phosphate dehydrogenase. Each experiment was repeated 3 times.

Statistical analysis
A database was created using the SPSS 13.0 software (SPSS, Inc., Chicago, IL, USA).

Measurement data were analyzed using the ¢ test. Count data were analyzed using the chi-
square test. P values less than 0.05 were considered to be statistically significant.

RESULTS
Comparison of serological GPC3 levels

As shown in Table 1, serological GPC3 levels were significantly higher in patients
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with lung squamous cell carcinoma than in patients with lung adenocarcinoma. The difference
was statistically significant (P < 0.05).

Table 1. Comparison of GPC3 concentration between lung squamous cell carcinoma and lung adenocarcinoma.

Groups N GPC-3 (ng/mL) P value
Lung squamous cell carcinoma 30 889.3 +£443.6 <0.0001
Lung adenocarcinoma 30 232.6+122.8

Expression of GPC3 mRNA in lung cancer tissues

GPC3 mRNA was expressed at significantly higher levels in lung cancer tissues than
in paracancerous lung tissues. Among lung cancer tissues, lung squamous cell carcinoma tis-
sues showed significantly higher levels of GPC3 mRNA expression compared with lung ad-
enocarcinoma tissues (P < 0.05) (Figure 1).
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Figure 1. Expression of GPC3 protein in lung cancer and in the adjacent tissues (RT-PCR). Column 1: Low-
differentiated adenocarcinoma; Column 2: high-differentiated adenocarcinoma; Column 3: low-differentiated
squamous cell carcinoma; Column 4: high-differentiated squamous cell carcinoma; Column 5: lymph nodes;
Column 6: adjacent tissues.

Immunohistochemistry

The overall expression rate of GPC3 protein in lung cancer was 45% (27/60). The
relationship between the GPC3 expression rate and clinical features such as smoking status,
histological types of lung cancer, and clinical stage of the cancer is summarized in Table 2.
GPC3 expression was undetectable in paracancerous lung tissues. The positive expression
rate of GPC3 protein was significantly higher in lung squamous cell carcinoma tissue than in
lung adenocarcinoma tissue (70 vs 20%, P < 0.010). Among GPC3-positive lung squamous
cell carcinoma and lung adenocarcinoma samples, the samples collected from patients with
lymph node metastasis and patients with poorly differentiated cancer exhibited more signifi-
cant GPC3 expression (Figure 2).
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Table 2. Clinical data of patients with different GPC3 expression profiles.

GPC3 positive cases GPC3 negative cases Total cases

Smoking

Yes 14 21 35

No 13 12 25
Staging

I 5 12 18

i 6 10 15

111 11 4 15

v 5 7 12
Pathology

Adenocarcinoma 6 24 30

Squamous cell carcinoma 21 9 30

=

Figure 2. GPC3 expression in lung squamous cell carcinoma (A), lung adenocarcinoma (B), lung adenocarcinoma
with lymph node metastasis (C), and adjacent tissues (D) (Immunohistochemistry, original magnification: 200X).

Examination of GPC3 protein expression by western blot analysis

Consistent with the results of western blot analysis, immunohistochemical analysis
revealed that expression levels of GPC3 were significantly higher in lung squamous cell carci-
noma tissues than in lung adenocarcinoma tissues. The lowest GPC3 expression was observed
in paracancerous lung tissues (Figure 3).

a b c

Figure 3. Expression of GPC3 protein in lung cancer and in the adjacent tissues (western blot). a = lung
adenocarcinoma, b = adjacent tissues, and ¢ = lung squamous cell carcinoma.

Genetics and Molecular Research 14 (3): 10185-10192 (2015) ©FUNPEC-RP www.funpecrp.com.br



GPC3 and lung cancer 10191

DISCUSSION

In this study, we demonstrated that the expression of the GPC3 gene and protein was
increased considerably in lung cancer tissues. Compared with lung adenocarcinoma tissues,
lung squamous cell carcinoma tissues expressed significantly higher levels of GPC3.

The expression of GPC3 differs in various cancer tissues. Previous studies have
demonstrated that GPC3 expression is downregulated in gastric (Ushiku et al., 2009),
breast (Xiang et al., 2001), and lung cancers (Kim et al., 2003), but is upregulated in liver
cancer and melanoma (Komori et al., 2010). The present study demonstrated that the
overall expression rate of GPC3 protein in lung cancer was 45%. In addition, a significant
difference in the GPC3 expression rate was detected between the 2 most common patho-
logical types of lung cancer. The GPC3 protein expression rate was 70% in lung squamous
cell carcinoma, whereas the corresponding rate was only 20% in lung adenocarcinoma.
These results indicate that GPC3 protein can serve as a marker for the early detection of
lung squamous cell carcinoma.

In lung adenocarcinoma, the expression rate of GPC3 protein was very low. The dif-
ference in GPC3 expression between lung squamous cell carcinoma and lung adenocarcinoma
suggests that GPC3 plays distinct or even completely opposite roles in different histological
types of lung cancer. The differential expression of GPC3 can be used to differentiate and
diagnose lung squamous cell carcinoma and lung adenocarcinoma. Basic research has indi-
cated that GPC3 regulates the proliferation, differentiation, adhesion, and migration of tumor
cells by modulating the insulin-like growth factor and wingless/integrated signaling pathways
(Avanesov et al., 2012; Sakane et al., 2012; Pez et al., 2013; Dwivedi et al., 2013; Avanesov
and Blair, 2013), thus playing important roles in tumor growth and metastasis. Stronger GPC3
expression has been correlated with increased growth and metastatic potential (Tanaka et al.,
2011; Gao and Ho, 2011). We observed that among GPC3-positive lung squamous cell carci-
noma and lung adenocarcinoma samples, the samples collected from patients with lymph node
metastasis or poorly differentiated cancer exhibited more pronounced GPC-3 expression. Our
results indicated that GPC3 functions as an important molecular marker in the metastasis of
lung cancer to lymph nodes.

In summary, GPC3 protein expression is closely related with the development and
progression of lung cancer. GPC3 is differentially expressed between the 2 most common
pathological types of lung cancer, squamous cell carcinoma and adenocarcinoma. GPC3 ex-
pression was significantly higher in lung squamous cell carcinoma, suggesting that GPC3
can serve as a marker for detecting lung squamous cell carcinoma. GPC3 protein expression
varies among different histological types of lung cancer. The relationship between GPC3 and
lung cancers is complicated. GPC3 may play distinct roles in lung squamous cell carcinoma
and lung adenocarcinoma because of the presence of different signaling pathways or growth
factors in the 2 types of lung cancer.
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