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A B S T R A C T

Introduction: Glypican-3 (GPC3) is involved in regulation of cell proliferation and morphogenesis. It is abundant
in embryonic tissue, but limited in most adult tissues. GPC3 deletion or mutation can disturb the balance be-
tween cell apoptosis and proliferation, which may result in tumorigenesis. This study aimed to investigate the
GPC3 expression in salivary gland tumors (SGTs) and the adjacent non-neoplastic tissues.
Methods: This study reviewed 50 samples of salivary tumors from the archive of Khalili Hospital, Shiraz, Iran,
including 17 cases of pleomorphic adenoma (PA), 16 cases of mucoepidermoid carcinoma (MEC), and 17 cases of
adenoid cystic carcinoma (ACC); as well as a control group of 23 cases of normal salivary gland tissues. GPC3
expression was investigated through immunohistochemistry.
Results: GPC3 expression was significantly higher in malignant tumors (MEC and ACC) than in PA, and higher in
PA than in the normal salivary glands (P < 0.001). The expression intensity was moderate to strong in ma-
lignant tumors and weak to moderate in benign tumors. No strong positivity was observed in normal salivary
gland tissues (P < 0.001). Nor was any association detected between the GPC3 expression and intensity with
the clinicopathologic parameters.
Conclusion: Although GPC3 overexpression was observed at the protein level in SGTs, and its expression was not
related with the clinicopathologic factors, the potential use of GPC3 for diagnostic, therapeutic, and prognostic
purposes requires further investigations.

1. Introduction

Salivary gland tumors are one of the important neoplasms in max-
illofacial pathology, and constitute 3–6% of all head and neck tumors.
These tumors demonstrate a wide spectrum of pathologic and clinical
variants that lead to hard management and diagnosis. Mucoepidermoid
carcinoma (MEC), adenoid cystic carcinoma (AdCC) and Pleomorphic
adenoma (PA) are the most common malignant and benign tumors and
have histopathologic similarities in many cases1. Although, hematox-
ylin and eosin-stained (H&E) tissue sections are used usually for diag-
nosis in many situation, the definite diagnosis is sometimes hard.

Glypicans (GPC) are a family of heparin sulfate proteoglycans which
are bound to cell membrane via a glycosyl-phosphatidylinositol anchor.
The Glypican gene family consists of six members in mammals.2 GPC
can reveal from the cell membrane by a lipase called Notum. It is in-
volved in regulating different signaling pathways consisting of Wnt,

Hedgehogs, fibroblast growth factors, and bone morphogenetic pro-
teins.3,4

GPC3 is involved in regulation of cell proliferation and morpho-
genesis. Although it is abundant in embryonic tissue, GPC3 is limited
found in most adult tissues.5,6 GPC3 deletion or mutation can disturb
the balance between cell apoptosis and proliferation which may result
in tumorigenesis.6 GPC3 upregulation and overexpression have been
observed in hepatocellular carcinoma, malignant melanoma, neuro-
blastoma, and colon cancer.7–10

The aim of the present study was to investigate the GPC3 expression
in the malignant and benign salivary gland tumors (SGT) and the ad-
jacent non-neoplastic tissue by using immunohistochemical methods
and to define its expression in relation to clinicopathologic features.

https://doi.org/10.1016/j.jobcr.2018.09.002
Received 29 December 2017; Received in revised form 24 July 2018; Accepted 6 September 2018

∗ Corresponding author.
E-mail address: zare.r.sums.1394@gmail.com (R. Zare).

Journal of Oral Biology and Craniofacial Research 9 (2019) 63–66

Available online 06 September 2018
2212-4268/ © 2018 Published by Elsevier B.V. on behalf of Craniofacial Research Foundation.

T

http://www.sciencedirect.com/science/journal/22124268
https://www.elsevier.com/locate/jobcr
https://doi.org/10.1016/j.jobcr.2018.09.002
https://doi.org/10.1016/j.jobcr.2018.09.002
mailto:zare.r.sums.1394@gmail.com
https://doi.org/10.1016/j.jobcr.2018.09.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jobcr.2018.09.002&domain=pdf


2. Methods

This study reviewed 50 samples of salivary gland tumors from
Khalili Hospital archive, Shiraz, Iran, including 17 cases of pleomorphic
adenoma (PA), 16 cases of mucoepidermoid carcinoma (MEC) and 17
cases of adenoid cystic carcinoma (ACC). A control group was con-
sidered consisting of 23 cases of normal salivary gland tissues adjacent
to the previous biopsy of the oral cavity or SGT.

Having reviewed the H & E slides, the blocks with definite diagnosis
and enough cellular tissue were selected and subjected to im-
munohistochemical staining (IHC) by using EnvsionLabled Peroxides
System (DAKO, Carpentaria, CA, USA). The stained samples were fixed
in 10% buffered formalin and embedded in paraffin. Then, 4-μm sec-
tions were cut, deparaffinized in xylene, rehydrated in graded alcohol,
and rinsed with distilled water. DAKO cytomation target retrieval so-
lution (pH=9) was used for 20min for antigen retrieval, and 3% H2O2
was used to inhibit the internal peroxidase activity. Incubation of the
tissue sections was done for 30min by using the anti-glypican-3 anti-
body (Abcam, ab66596) at 1/100 dilution.

Normal samples were stained with the same amount of antibody
used for staining the tumoral tissues. Omission of the primary antibody
was employed as negative control, while gastric epithelium was used as
positive control for GPC311 stages collected by the American Joint
Committee on Cancer (AJCC) TNM stage.12 Tumor grade in ADCC,
grade I is referred to as a tubular growth pattern, grade II as a cribri-
form growth pattern, and grade III as a solid growth pattern. MEC was
classified as grade I, if it showed a well demarcated border, macrocystic
spaces and a bland cyst lining; grade II, if it showed a more solid pattern
with only few microcysts, and focal infiltration; and grade III, with no
cystic spaces and a highly infiltrative growth pattern, and cleared nu-
clear atypia.13

Brown membranous and cytoplasmic staining for GPC3 was con-
sidered as positive. A tumor was considered positive for GPC3 if more
than 10% of the neoplastic cells showed strong cytoplasmic and/or
membranous reactivity. GPC3 expression was assessed as negative and
positive. GPC3 immunoreactivity was evaluated by using a semi-
quantitative scoring system for the staining intensity (0: negative
staining, 1: weak staining, 2: moderate staining, 3: intense staining).
Chi-square test was used to compare the results between the two groups
and the relationship with clinicopathologic features.

3. Results

Of the 50 patients included in this study, 19 were male (38%) and
31 were female (62%). The patients’ mean age was 47.3 ± 10.2
(ranging 7–79). Most tumors (64%) involved the major salivary glands.
GPC3 expression was mostly both membranous and cytoplasmic in SGT,
but only cytoplasmic pattern was seen in normal salivary gland tissue.
GPC3 immunoreactivity was seen in 4 cases of normal salivary gland
tissues (17.40%). GPC3 expression was only seen in the epithelial lining
of the salivary duct (Fig. 1, Table 1).

GPC3 positive staining was seen in 11 cases (64.7%) of the PA. In
PA, both ductal and myoepithelial cells showed GPC3 staining (Fig. 2).
GPC3 immunostaining was seen in 14 cases of ACC (82.4%) and 14
cases of MEC (87.5%) (Figs. 3–4). All histologic subtypes of ACC
showed GPC3 immunoreactivity. The Kruskal-Wallis test showed a
significant difference between the mean expression of GPC3 in the tu-
moral groups (p=0.001). Mann-Whitney test revealed that normal
salivary gland were significantly different from both PA (p=0.039)
and malignant SGT(MEC and ACC) (p= 0.000) in GPC3 expression,
and also significantly different among the malignant SGT and PA
(p=0.047).

Moreover, GPC3 expression intensity was moderate to strong in
malignant SGT and weak to moderate in benign SGT; but, no strong
positivity was seen in normal salivary gland tissue (Table 2).

Using the Kruskal-Wallis test, the intensity of staining was

significantly different among the groups (p=0.000) and by Mann-
Whitney test, the intensity of GPC3 was higher in malignant SGT(MEC
and ACC) than those of PA (p=0.013) and normal salivary gland
(p= 0.000), and significant difference was seen between normal sali-
vary gland (P= 0.007) and PA. No significant difference was seen be-
tween MEC and ACC (P=0.87).

The percentage and intensity of GPC3 expression in tumoral were
not statistically different among the groups as regards tumor size, stage,

Fig. 1. Moderate Glypican-3 expression in the duct of normal salivary gland
(×400).

Table 1
Glypican-3 expression in benign and malignant salivary gland tumors in com-
parison with normal salivary gland tissues.

Types of lesion Number of
patient

Glypican-3 expression

Negative N (%) Positive N (%)

Mucoepidermoid carcinoma 16 2 (12.5) 14 (87.5)
Adenoid cystic carcinoma 17 3 (17.6) 14 (82.4)
Pleomrphic adenoma 17 6 (35.3) 11 (64.7)
Normal salivary gland tissue 23 19 (82.6) 4 (17.40)

Fig. 2. Moderate Glypican-3 expression in pleomorphic adenoma (× 200).
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and grade (Kruskal- Wallis and Dunn's test, all p > 0.05) (Table 3).

4. Discussion

GPC3, a marker of the glypican family, is a one of the cell surface
heparan sulfate proteoglycans which is bind to the plasma membrane
via glycosyl-phosphatidylinositol anchor.14 Heparan sulfate proteogly-
cans can interact with the growth factor via heparan sulfate chains, so
they act as co-receptor for heparin binding growth factors.14 Different

expressions of GPC3 in normal and neoplastic tissues revealed that it
can be used as a diagnostic tool for the distinction of various tumor
entities and for non-neoplastic, pre-neoplastic and neoplastic dis-
orders.6

Downregulation of GPC3 due to hypermethylation of GPC3 pro-
moter was seen in different malignant tumors such as lung adeno-
carcinoma, clear cell renal cell carcinoma, ovarian carcinoma, and
breast cancer.15–18 In contrast, overexpression of GPC3 was seen in
hepatocellular carcinoma, colon cancer, melanoma, and neuro-
blastoma.7–10

In the present study, GPC3 expression was higher in benign SGTs
than in normal tissues, and higher in malignant SGTs than in benign
tumors; confirming the GPC3 role in the tumorigenesis and carcino-
genesis of SGTs. It was in agreement with those of the previous studies
which showed overexpression of GPC3 in colon cancer, melanoma and
hepatocellular carcinoma.7,8,10 However, it was in contrast with the
findings of the studies that reported GPC3 downregulation in lung
adenocarcinoma, ovarian carcinoma and breast carcinoma revealing
the difference in the GPC3 function in a tissue-dependent
manner.15,17,18

Downregulation of GPC3 in tumoral tissues compared with the ad-
jacent non-tumoral tissues in some tumors suggested an inhibitory ef-
fect on cell proliferation and tumor suppressor function.17,18 But, its
overexpression in tumoral tissues compared with the corresponding
normal tissue displayed oncofetal protein-like characteristics.6 Ac-
cordingly, the present study can suggest oncofetal protein-like char-
acteristics for GPC3 in SGTs.

Currently, the biological functions and the role of GPC3 in tumor-
igenesis are poorly understood and many possible mechanisms regu-
lated by GPC3 during tumorigenesis and tumor progression can be
suggested.17 GPC3 is involved in several signaling pathways consisting
of IGF, Hh, Wnts and regulating the apoptosis of protein-like Bax and
Bcl2.4,19–22

Many studies revealed that GPC3 can regulate the proliferation,
differentiation, and adhesion of tumoral cells; so, it could moderate
tumor growth and metastasis.23,24 Moreover, Shirakwa et al. found no
correlation between the GPC3 expression and any of the clin-
icopathologic parameters, except for the histological grade of hepato-
cellular carcinoma.25 In a study conducted by Castillo et al. on human
breast tissues, no association was found between the GPC3 expression
and clinicopathologic parameters.26 The present study detected no as-
sociation between the GPC3 expression and clinicopathologic para-
meters, suggesting that GPC3 might be an independent marker. Yet,
further studies with larger sample size are recommended.

In benign and malignant SGTs, both cytoplasmic and membranous
GPC3 expressions were seen; but in the normal tissues, only cytoplasmic
protein was observed. The functional difference between two different
GPC3 expression pattern (membranous and cytoplasmic) is unknown,25

so additional studies are recommended to elucidate the significance of
different localization patterns.

The higher GPC3 expression in SGT compared with the normal
tissues may suggest GPC3 as a potential target for antibody-based
therapy, as recently investigated.4 Nakatsura et al. showed that GPC3
particle vaccine increased the immune response and overall survival in
advanced hepatocellular carcinoma.27

In conclusion, the current study showed the GPC3 overexpression at
the protein level in SGTs. However, no association was detected be-
tween GPC3 and the clinicopathologic factors. Therefore, its potential
use for diagnostic, therapeutic and prognostic proposes requires further
investigations.

In the present study, we showed no statistically significant differ-
ence between GPC3 expression and tumor stage, grade, or size.
According to the different roles of GPC3in tumor progression, it is
possible that the limited number of our patients with complete clinical
data have resulted in these investigations. Also, future studies are re-
commended to assess the relationship between GPC3 overexpression

Fig. 3. Severe Glypican-3 expression in cribriform adenoid cystic carcinoma
(× 200).

Fig. 4. Severe membranous Glypican-3 expression in mucoepidermoid carci-
noma (×200).

Table 2
Glypican-3 intensity in benign and malignant salivary gland tumors in com-
parison with normal salivary gland tissues.

Types of lesion Number
of patient

Glypican-3 Intensity

Negative N
(%)

Weak
N (%)

Moderate N
(%)

Strong
N (%)

Mucoepidermoid
carcinoma

16 2 (12.5) 1 (6.3) 7 (43.8) 6 (37.5)

Adenoid cystic
carcinoma

17 3 (17.6) 2
(11.8)

5 (29.4) 7 (41.2)

Pleomrphic
adenoma

17 6 (35.3) 4
(23.5)

5 (29.4) 2 (11.8)

Normal salivary
gland tissue

23 19 (82.6) 2 (8.7) 2 (8.7) 0 (0)
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with clinical act of salivary gland tumors. In conclusion, the over-
expression of GPC3 in salivary gland tumors in comparison with car-
cinomas and also in normal glands in comparison with benign tumors
may show the role of this protein in the malignant transformation of
salivary glands and also in the tumorigenesis and tumor invasion. In
this regard, we offer further researches to evaluate the exact mechanism
of GPC3 protein and its possible use as a therapeutic target.
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