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Abstract 

Background Odontogenic tumors a variety of benign and malignant lesions developed exclusively in the jaws. They 
are known to have variable clinical behaviors and different histological features. The development of odontogenic 
tumors is attributed to alterations in some genetic and biological molecules. The aim of this study is to assess Glypi‑
can‑3 immune expression in different groups of odontogenic neoplasms as in Ameloblastoma, Ameloblastic Fibroma, 
and Ameloblastic Carcinoma, and compare it to dental follicle tissue as control group. Also correlate the marker 
expression with the known biological behavior of these tumors. This study included 40 cases were selected from oral 
and maxillofacial pathology department (ten cases in each group). Some sections are prepared to be stained 
with H&E stain and other sections with Glypican‑3 immune stain. Histological examination and Histomorphometric 
analysis were done finally under light microscope. The area percents of Glypican‑3 immune expression in all tumor 
sections were measured.

Results Level of expression of Glypican‑3 revealed significant difference between the study groups 
(P‑value < or = 0.05). The level of immune expression was highest in ameloblastic carcinoma group (M = 58.7) followed 
by ameloblastoma group (M = 33.9), then ameloblastic fibroma (M = 5.6) and lowest in the control group of dental 
follicle (M = 1.3).

Conclusions Glypican‑3 immune expression demonstrated statistically significant difference among the study 
groups, indicating that it may have contributing role in tumor pathogenesis and its biological behavior.
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1  Background
Ameloblastoma (AB) is well known in literature as most 
common locally invasive odontogenic neoplasm with 
high rate of recurrence [1]. It commonly causes severe 
cortical expansion in the posterior area of the lower jaw 
and commonly arise in adult age. Radiographically AB 
commonly presented as multilocular radiolucent lesion 

in tooth bearing area and it may appear surrounding 
unerupted tooth in some cases. The long-standing lesions 
of AB are characterized by severe expansion of bones, 
displacement of the teeth, root resorption, paraesthesia 
and perforation of jaw bones. Histologically, the odon-
togenic epithelial tumor cells may arranged in follicular 
and plexiform patterns surrounded by fibrous stroma 
with other various subtypes. Surgical resection with 
wide safety area of the bone (beyond lesion radiographic 
margin) and reconstruction are reported to be the best 
choices of treatment of AB cases [2, 3].

Ameloblastic fibroma (AF) is considered as an uncom-
mon, slowly-growing benign odontogenic neoplasm in 
the posterior area of the lower jaw. AF occurring at any 
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age, but has a predilection to present in age group of 
7–61  years with 80% in patients younger than 22  years 
[3]. AF mostly presented radiographically as unilocu-
lar radiolucent lesion, which may be associated with 
unerupted tooth. AF clinically exists as a well circum-
scribed swelling with slight cortical bone expansion 
and may cause displacement of the adjacent teeth. His-
tologically, it usually composed of islands and cords of 
odontogenic epithelial tumor cells immersed in ectomes-
enchyme (resemble the dental papilla) but without any 
actual hard dental tissue formation [4]. Simple surgical 
excision is the best treatment in the majority of AF cases 
[3].

Ameloblastic Carcinoma (ABC) is a malignant coun-
terpart of Ameloblastoma with more aggressive behav-
ior, and poorer prognosis [5]. It usually presented as fast 
growing, destructive clinical swelling with perforation of 
surrounding cortical bone and invasion into surrounding 
soft tissues. In most of the reported ABC cases, lesions 
presented with ill-defined radiolucency. ABC histo-
logically appears as Ameloblastoma (AB) with malig-
nant dysplastic features such as cellular pleomorphism, 
increase mitotic rate, basilar hyperplasia, nuclear hyper-
chromatism, perineural or vascular invasion and necrosis 
[3]. ABC frequently metastasis to cervical lymph node or 
lungs then this may be followed by bone or liver or brain 
metastasis [6]. Radical surgical excision is the favorable 
line of treatment of the ABC, which may be followed by 
radiotherapy in metastatic cases [3]. Jaw reconstruction 
in conjugation with prosthetic rehabilitation by using 
dental implants have a good outcome for the reestablish 
the mastication and esthetics after jaw resection in cases 
of AB& ABC [7].

Glypicans (GPC) are a group of proteoglycans family 
that consists of six members (GPC-1 to 6). The GPC-3 
gene encodes a 70-kDa surface protein, which is highly 
expressed in embryonic tissues [8]. GPC-3 immune 
expression is reported to be elevated in some malignan-
cies as hepatocellular carcinoma, squamous cell car-
cinoma and other malignancies of salivary gland and 
odontogenic origin [8–10]. Previous documented stud-
ies reported the higher expression of GPC-3 in salivary 
gland neoplasms and also in some odontogenic tumors 
especially in those of aggressive or malignant nature [11, 
12].

GPC-3 is widely used as marker for diagnosis and tar-
get for therapy of hepatocellular carcinoma [10]. Further-
more, GPC-3 acts as a negative regulator of Hedgehog 
(hh) signaling activity, by competing with patched 
PTCH1 for Sonic hedgehog (SHH) binding and compo-
nents of the (SHH) pathway. The mutation of the GPC-3 
gene on the X chromosome locus q26.1 become unable 
to control Hedgehog signaling during development, this 

leads to increase in cellular proliferation and risk of neo-
plastic development [13].

In an attempt to cover the gap of knowledge in study-
ing the cytogenetics for this kind of oral neoplasms as 
they are rare entities, we performed the present study 
with a purpose to detect GPC-3 expression in variable 
odontogenic neoplasms and correlate it with their bio-
logical behavior. Investigating such type of relationships 
between glypican -3 immune expression &clinical behav-
ior of odontogenic neoplasms is very important in intro-
ducing new clinical application (treatment line) of target 
immune therapy for such lesions instead of aggressive 
jaw resection strategy. This could finally change mode of 
treatment of such aggressive neoplasms an enhance qual-
ity of patient life after treatment.

2  Methods
This study included forty cases; which were divided into 
four groups as the follow: ten cases of AB, ten cases of 
ABC, ten cases of AF, and 10 cases of Dental follicle 
(DF) as a normal odontogenic tissue Table  1. The sam-
ples were taken from archival blocks between 2010 and 
2021, from the Oral and Maxillofacial Pathology Depart-
ment, Faculty of Dentistry. These selected ODTs cases 
were selected and rediagnosed according to histopatho-
logical criteria established by World Health Organization 
(WHO) [3].

The registered protocol for this study (included sample 
size) was approved by the Research Ethics Committee of 
our institute with (No. 22 9 21). This sample size for this 
pilot study was also approved by Medical Biostatistics 
Unit of our institute to be 40 cases (10 cases in each study 
group).

Anti-Glypican-3 Rabbit Monoclonal Antibody (GPC-3 
Rabbit mAb) purchased from ABclonal (catalog no. 
A13988) was used for immunostaining following previ-
ously described guidelines [14]. The paraffin embedded 
specimens were cut into 4  µm-thick sections, mounted 
on slides, stained by routine Hematoxylin and Eosin (H 
& E) and examined under Leica DM500 binocular trans-
mitted light microscope. Other histological sections were 
cut from each paraffin blocks and placed on positively 
charged slides (Opti plus slides) for immunostaining pro-
cedures. Ordinary light microscopy was used for micro-
scopic examination of all stained sections of each group.

The GPC-3 immunostained sections were assessed by 
the computer image analyzer using the software Leica 
Qwin 500 image analyzer (Germany). The image analyzer 
was automatically calibrated to change the unit of meas-
urement (pixels) into actual units of the micrometer. The 
area percent of GPC-3 antibody positive epithelial tumor 
cells was observed in a frame of measurement of 61,934 
μm2, and five fields were selected for cases with (× 200) 
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magnification. The most staining areas were measured 
after that the computer system converted the selected 
areas into a measurable green color.

The data recorded for the area percent for GPC-3 
immune expression was statistically checked for normal-
ity by Kolmogorove- Smirnov test. Then the p-value of 
Kolmogorove- Smirnov test was recorded in the 4 study 
groups to be greater than 0.05, thus all the groups com-
plied with the normal assumption (p > 0.05) and there-
fore proceeding with Paramentric test using one Way 
ANOVA Test to compare the date between the 4 groups. 
This was followed by Tukey Post Hoc for pairwise com-
parison to compare in-between the groups.

3  Results
3.1  Histopathological examination of H&E stained sections 

of different ODTs
All H&E stained sections were microscopic examined to 
confirm the diagnosis of all included cases in the study 
groups. Histological features of DF, AF, AB, &ABC were 
obviously detected in all cases during light microscopic 
examination according to the histological criteria previ-
ously described by the WHO [3] (Fig. 1).

3.2  Histopathological examination of Glypican‑3‑stained 
sections of ODTs

Cases of DF showed negative immunoreaction to GPC-
3. weak immunostaining was only observed in scattered 
fibroblasts in few cases of DF (Fig.  2a). GPC-3 Immu-
nohistochemical stained sections of AF cases revealed 
weak positive membranous immune expression in some 

of the neoplastic epithelial components of the tumor. 
Other neoplastic stromal cells showed obvious negative 
immune reaction of GPC-3 (Fig. 2b). In most of the cases 
of AB, the GPC-3 cytoplasmic & membranous immu-
noreactions were positively detected in both periph-
eral ameloblast like cells and central stellate reticulum 
like tumor cells (Fig.  2c). Moreover, most of ABC cases 
showed diffuse and intense positive GPC-3 cytoplasmic 
and membranous immune expression in all of malig-
nant epithelial tumor cells. In addition, some fibroblasts 
showed cytoplasmic GPC-3 immune expression in Con-
nective tissue stroma surrounding tumor cells in few 
cases of ABC (Fig. 2d).

The data of the area percent for GPC-3 immune expres-
sion was statistically checked to be normally distributed 
in the study groups using normality test. The p-value of 
Kolmogorove- Smirnov test was recorded in the 4 study 
groups to be greater than 0.05, this proves that all the 
groups complied with the normal assumption (p > 0.05).

Analysis of GPC-3 immune stained sections using one 
Way ANOVA Test (parametric test) revealed that the 
greatest mean value of area percent of GPC-3 immune 
expression was recorded in ABC group (58.77), followed 
by AB group (33.95), then AF group (5.65). The least 
mean value was obviously detected to be in the control 
group of DF (1.34). One way ANOVA test showed a 
statistically significant difference between all the study 
groups (Table 2 and Fig. 3).

By using Tukey post hoc Test for pairwise compari-
son this test revealed, a statistically significant difference 
was observed among AB group and ABC group on one 

Table 1 Demographic data of the study groups

Demographic data Number of cases Precentage

DF AF AB ABC DF (%) AF (%) AB (%) ABC (%)

Site

Ant. Max 3 0 0 0 30 0 0 0

Post. Max 0 0 0 0 0 0 0 0

Crossing Midline Max 0 0 0 1 0 0 0 10

Ant. Mand 1 0 0 0 10 0 0 0

Post. Mand 6 9 9 8 60 90 90 80

Crossing Midline Mand 0 1 1 1 0 10 10 10

Age

< 20 y 5 0 0 0 50 0 0 0

20–40 y 5 4 6 2 50 40 60 20

40–60 y 0 0 1 4 0 0 10 40

> 60 y 0 0 3 4 0 0 30 40

Gender

Male 7 8 6 10 70 80 60 100

Female 3 2 4 0 30 20 40 0
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side and all other groups on the other side (p < 0.05). On 
the contrary, no statistically significant difference was 
detected between group DF and group AF (p = 0.720) 
(Table 2).

4  Discussion
ODTs are a variety of jaw lesions with different nature, 
as they derived from tooth-developing apparatus during 
abnormal process of odontogenesis. ODTs have variable 
clinical and histological presenting feature, thus they 
usually associated with different clinical or biological 
behavior [15]. AB was selected in our study for being the 
most commonly occurring benign but locally aggressive 
ODT of epithelial origin with high recurrence rate. AF 
cases were selected in our study as it is indolent, benign, 
odontogenic neoplasm with documented non-aggressive 
biological behavior. ABC was also chosen in this study 
because it is the most common malignant ODT and it is 
well-known with its aggressive and destructive behavior 
with tendency to metastasis [1].

Some documented studies in the literature have 
been reported the role of GPC-3 in various neoplasms 
and reported the link between its expression and the 

aggressiveness of such lesions e.g., hepatocellular carci-
noma, oral squamous cell carcinoma, malignant salivary 
gland tumors, odontogenic cysts, lung squamous cell car-
cinoma, and melanoma [12, 16]. Therefore, the novelty of 
our study is to assess the expression of GPC-3 in odon-
togenic neoplasms with variable nature and correlate its 
expression with their clinical behavior. Investigate such 
a relationship between level of GPC-3 expression and 
aggressiveness of such odontogenic neoplasms would 
alter the aggressive mode of treatment (jaw resection) 
given to such oral tumors to become more conservative 
and secure quality of the patient life.

According to our immunohistochemical finding, the 
GPC-3 immune expression was observed as cytoplasmic 
and membranous pattern in odontogenic tumor cells. 
This is owing to nature of glypicans (as heparan sulfate 
proteoglycans), which linked glycosyl-phosphatidylino-
sitol (GPI) anchor to the cytoplasmic surface of the cell 
membrane.

In our study, intense predominantly membranous and 
cytoplasmic immune staining pattern of GPC-3 was 
observed in malignant (ABC) or aggressive (AB) odonto-
genic neoplastic cells than benign odontogenic neoplastic 

Fig. 1 photomicrographs of H&E stained histological sections of ODTs, a DF presented with loosely arranged collagenous stroma. b AF showing 
branching cords of bland odontogenic epithelium surrounded by primitive mesenchymal stroma. c AB (hemangioplexiform pattern) showing 
anastomosing cords of odontogenic epithelium with in fibrous stroma. d ABC showing follicles and plexus of odontogenic epithelium with obvious 
dysplastic signs
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cells (AF) and normal odontogenic tissue (DF). We 
reported that the difference in the mean values of GPC-3 
expression was high and statistically significant between 
the study groups. The greatest area mean of GPC-3 
immune expression was recorded in the malignant ODT 
(ABC), followed by the locally aggressive ODT( AB), then 
the benign ODT (AF), whereas the lowest area percent 
was recorded in the DF (as normal odontogenic tissue).

In our study the obvious dominating immune expres-
sion of GPC-3 was seen in ABC and AB in comparison 

with AF and DF. Through this finding we can suggest 
the contributing role of GPC-3 in the aggressiveness 
and tumorigenesis of ODTs. Our immunohistochemi-
cal results were previously confirmed by. Mendes et al. 
[12], who stated that immune expression of GPC-3 can 
differentiate between aggressive and non-aggressive 
types of ODTs. As they previously observed that the 
aggressive cases of keratocystic odontogenic tumor and 
AB exhibited elevated significant expression of GPC-3 

Fig. 2 Photomicrographs of GPC‑3 immune expression in different sections of ODTs a DF negative GPC‑3 immune expression was observed 
in DF. b Weak positive immunoreaction of GPC‑3 was shown in some epithelial tumor cells of AF. c Obvious positive cytoplasmic GPC‑3 expression 
was presented in all epithelial cells of AB. d Intense cytoplasmic and nuclear immune expression of GPC‑3 were detected in the malignant tumor 
cells of ABC

Table 2 Describing area percent of GPC‑3 for the 4 study groups

*Significant at p < 0.05

Means with different superscript letters are significantly different (Tukey’s post hoc test)

Mean Std. Deviation Std. Error 95% Confidence Interval for Mean Min Max F p value

Lower Bound Upper Bound

AB 33.95b 7.21607 3.22712 24.99 42.90 25.22 41.12 86.277 0.000

AF 5.65a 1.10591 0.49458 4.28 7.02 4.48 6.96

ABC 58.77c 10.62718 4.75262 45.57 71.96 40.23 67.33

DF 1.34a 0.50613 0.22635 0.71 1.97 0.79 1.94
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compared to non-aggressive ODTs as adenomatoid 
odontogenic tumor.

Chaturvedi et  al. [17] also reported a high immuno-
expression of GPC-3 in the aggressive cases of AB, and 
odontogenic keratocyst (OKC) but the absence of GPC-3 
immuno-expression in non-aggressive odontogenic 
tumors as (adenomatoid odontogenic tumors and calci-
fying cystic odontogenic tumors). Finally, they also con-
cluded the association between GPC-3 elevated immune 
expression and the aggressiveness & recurrence of such 
tumors [17].

Our presented finding showed a low expression of 
GPC-3 in AF group and the absence of expression in DF 
groups compared to AB and ABC. This observation also 
highlighted the correlation between GPC-3 and aggres-
siveness of some ODTs (explored for the first time in this 
study). Moreover, our reported finding is supported by 
earlier study done by Mendes et al. [12], who suggested 
that lower immune expression of GPC-3 in the non-
aggressive cases of unicystic AB compared to the aggres-
sive cases of conventional AB.

In addition, the overexpression of GPC-3 has been 
documented in different types of malignant neoplasms, 
which confirmed the role of GPC-3 in developing malig-
nancy. Andisheh et al. (2019) also demonstrated in their 
study on different salivary gland neoplasms, the role of 
GPC-3 in invasion and development of malignancy of 
other category of oral tumors. As they clearly reported 
the elevated GPC-3 expression in salivary glands carci-
nomas (as mucoepidermoid carcinoma and acinic cell 
carcinoma) in comparison to low GPC-3 expression in 
the benign salivary gland neoplasms (as pleomorphic 

adenoma) [11]. Their reported finding was on the same 
line with our observed and reported results of GPC-3 
expression.

Andisheh et al. (2020) studied the expression of GPC-3 
in oral squamous cell carcinoma (OSCC) and suggested 
that, the overexpression of GPC-3, confirming its role in 
carcinogenesis of such cases. They also documented that 
the immune expression of GPC-3 was significantly higher 
in samples with larger tumor size. In contrast, there was 
no significant relation between expression of GPC-3 and 
tumor staging, grading and metastasis [9].

As regard dental follicle, GPC-3 expression was 
observed to be almost negative except for some scattered 
fibroblast. This immune expression noted in some fibro-
blasts was previously explained by Matsuo & Kimura 
(2013) who revealed that FGF receptors are proved to be 
regulated by heparan sulfate proteoglycans, thus GPC-3 
is acting as a co-receptor for fibroblast growth factor 
(FGF)-9 [18, 19].

Our previous findings support the recommendations of 
Ho and Kim [16] and also Shimizu et al. [20] who proved 
the absence of GPC-3 expression in normal tissue and its 
higher expression in malignant neoplasms. They finally 
suggest using of GPC-3 as target immunotherapy, hope-
fully to increase the survival rate and improve patient 
life quality in case of malignancy especially progressive 
hepatocellular carcinoma patients [16, 20]. At the end, we 
must clearly mention the limitation of this studythe small 
number of sample size which is attributed to the rar-
ity of these neoplasms and also excluding the cases with 
incomplete data from our work could limit the number of 
included cases in our study.

Fig. 3 Mean area percent of GPC‑3 between the study groups
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5  Conclusion
Finally, we should state that the expression of GPC-3 
in different ODTs is related to their natures (as benign, 
locally aggressive or malignant lesion) and may also 
affect their clinical behaviors (aggressive with high 
recurrent rate or non-aggressive indolent lesions). 
Expression of GPC-3 is higher and statistically sig-
nificant in malignant (ABC) than in locally aggressive 
neoplasm (AB) and benign indolent nature (AF). Inves-
tigating such type of relationships could open gate for 
proper use of immune target therapy for such lesions, 
which could save quality of patient life by such very 
conservative line of treatment (instead of aggressive 
surgical jaw resections). Further studies are recom-
mended to investigate GPC-3 expression on other dif-
ferent types of odontogenic neoplasms and by other 
investigatory techniques as insitu hybridization or PCR 
to deeply investigate these rare types of oral tumors 
from different cytogenetic aspects.
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