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Abstract: The Wilms’ tumor 1 gene (WT1) was origi-
nally isolated and described as the gene responsible 
for Wilms’ tumor. Although there is growing evidence 
linking the overexpression of WT1 to tumorigen-
esis, no reports on ameloblastoma are available at 
present. The aim of this study was to examine the 
expression of WT1 in various histological subtypes of 
ameloblastoma tissue specimens and in human amelo-
blastoma cell lines. Immunohistochemical analyses 
were performed on a total of 168 cases of ameloblas-
toma, one case of ameloblastic carcinoma, and five 
cases of tooth germs (control). Three immortalized 
human dental epithelial cell lines (HAM1, HAM2, and 
HAM3) derived from the same ameloblastoma patient 
were used for reverse transcription-polymerase 
chain reaction (RT-PCR) and western blot assays. 
The tooth germs did not express WT1 (0%), and 
more than half of the ameloblastoma cases showed 
WT1 overexpression (54.7%). Immunoreactivity of 
solid-type ameloblastoma (76.1%) was more evident 
than that of unicystic-type ameloblastoma (40.9%). 
The expression level of WT1 mRNA in HAM2 was 

higher than that in HAM1 (moderate) and HAM3 
(weak), showing the heterogeneity of tumor cells. The 
WT1 protein was strongly detected in HAM2 and 
minimally detected in HAM1 and HAM3. Our results 
suggest that WT1 expression influences the pathogen-
esis of ameloblastoma by varying its expression level 
in different histological types.
(J Oral Sci 58, 407-413, 2016)

Keywords: Wilms’ tumor 1; WT1; ameloblastoma; 
heterogeneity.

Introduction
Odontogenic tumors are heterogeneous lesions derived 
from the epithelial, ectomesenchymal, and/or mesen-
chymal elements of tooth-forming tissues and can pose a 
significant diagnostic and therapeutic challenge (1). They 
are one of the main causes of tissue destruction in the oral 
and maxillofacial regions.

Ameloblastoma is a benign lesion, and is the most 
prevalent amongst epithelial odontogenic tumors. 
However, these tumors exhibit various biological behav-
iors ranging from simple cystic expansion to aggressive 
solid masses characterized by local invasiveness, a high 
risk of recurrence, and even malignant transformation. In 
2005, the World Health Organization classified amelo-
blastomas as solid/multicystic (SA), unicystic (UA), 
extraosseous/peripheral (PA), and desmoplastic (DA) 
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(1).
The Wilms’ tumor 1 gene (WT1), located at chromo-

some 11p13, was originally isolated and characterized as 
being responsible for Wilms’ tumor or nephroblastoma, 
which typically occurs in pediatric patients and rarely 
occurs in adults (2). Although WT1 was originally 
described as a tumor suppressor gene, it has now been 
suggested that it performs an oncogenic function instead 
(3-5).

The WT1 protein is detected in various types of malig-
nancies including oral squamous cell carcinoma (OSCC), 
gastrointestinal and pancreatico-biliary tumors, urinary 
and genital tumors, breast tumors, brain tumors, malig-
nant melanoma, soft tissue sarcoma, and osteosarcoma 
(3,6-8), and its expression level serves as a significant 
prognostic factor.

Clinical trials examining WT1 peptide-based cancer 
immunotherapy by focusing on various types of tumors 
(9-15) have proven its clinical efficacy and safety. Thus, 
this procedure is considered to be a potential new treat-
ment for various tumors with WT1 over-expression (5). 
However, the expression of WT1 in ameloblastoma, the 
treatment strategy for which is limited to surgical resec-
tion, remains undetermined.

Therefore, the aim of this study was to investigate 
the expression of WT1 in various histological types of 
ameloblastoma to allow examination of the feasibility 
of using WT1 peptide-based immunotherapy in such 
patients. The study was completed using a large series of 
ameloblastoma tissue specimens and three immortalized 
dental epithelial cell lines derived from human amelo-
blastomas.

Materials and Methods
This study used three immortalized human dental epithe-
lial cell lines (HAM1, HAM2, and HAM3) derived from 
the same ameloblastoma patient and established in Iwate 
Medical University School of Dentistry, Morioka, Japan 
(16). K562 cells (human leukemia cell line) obtained 
from the Riken Bio Resource Center (Ibaraki, Japan) 
were used as a positive control.

This study also included a total of 168 cases of amelo-
blastoma, one ameloblastic carcinoma, and five tooth 
germs (one in the cap stage and four in the bell stage, 
which served as a control) retrieved from three facilities 
of the Department of Oral Pathology in Mexico and the 
Department of Histology and Molecular Pathology at the 
University of the Republic in Uruguay. The specimens 
were harvested from non-decalcified portions of the 
tumors, fixed in 10% buffered formalin, and embedded 
in paraffin. All cases were evaluated and classified 

according to the most recent World Health Organization 
classification of tumors (1).

The study was approved by the Ethics Committee 
of the School of Dentistry, University of the Republic 
(UDELAR) Montevideo Uruguay, number 0091900-
000113-14.

Immunohistochemistry
This study used the immunochemistry techniques reported 
by us in a previous study (17). In brief, 2-μm-thick tissue 
sections were incubated with a primary antibody [mono-
clonal antibody was used against WT1 (M3561 Clone 
6F-H2; 1:100 dilution, Dako, Carpinteria, CA, USA)] for 
45 min. For the negative controls, the primary antibody 
was replaced with PBS.

Evaluation of WT1 positivity was performed by a 
single examiner who was blinded to the patient’s clinical 
data. Quantification was performed visually using an 
optical microscope (Eclipse Ci-L, Nikon, City, Japan) 
within 10 high-power fields/slide and at 40× magnifica-
tion, and scored as follows: 0 (“essentially no staining”) 
for negative or positive immunohistochemical staining of 
<5% of the cells; + (“weak-moderate”) for staining of 
5 to 50% of cells, and ++ (“strong positive”) for >50% 
positive staining. The mean staining intensity was then 
calculated.

Western blotting
Western blotting was performed using the standard proce-
dure described in our previous study (7). The membrane 
was incubated with a primary anti-WT1 (1:2000, M3561; 
Dako) antibody and an anti-GAPDH (1:2000, IMG-
5143A; Imgenex, San Diego, CA, USA) antibody, which 
was used as a loading control for normalization. 

RNA preparation and reverse transcription-
polymerase chain reaction analysis (RT-PCR)
This procedure was performed as previously described 
(7). Total RNA was collected from confluent cultured 
cells using an RNeasy Mini Kit (Qiagen Inc., Valencia, 
CA, USA) according to the manufacturer’s instructions, 
and complementary DNA (cDNA) was synthesized. 
The sequences of GAPDH and WT1 primers used 
were as follows: GAPDH, forward primer 5′-CAAT-
GACCCCTTCATTGACC-3′ (exon 2); reverse primer 
5′-GACAAGCTTCCCGTTCTCAG-3′ (exon 3); WT1, 
forward primer 5′-AGGGTACGAGAGCGATAAC-
CACAC-3′ (exon 6); and reverse primer 5′-TCAG 
ATGCCGACCGTACAAGA-3′ (exon 7). K562 (human 
leukemia cell line) total RNA (AM7832; Applied 
Biosystems) was used to synthesize cDNA, which was 
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used as the positive control (10), while that synthesized 
from total RNA extracted from normal human epidermal 
keratinocytes (NHEK, KK-4001; Kurabo, Tokyo, Japan) 
was used as the negative control.

Statistical analyses
The data was analyzed using the Pearson’s χ2 test and 
Kruskal-Wallis test. The Mann-Whitney test was utilized 
to detect differences between the different types of 
ameloblastomas and WT1 expression. The results were 
considered significant if P < 0.05, and all statistical 
analyses were performed on SPSS 12.0 (SPSS Profes-
sional Statistics; SPSS Inc., Chicago, IL, USA).

Results
Clinicopathological data
The predominant type of tumor was UA (n = 93/169; 55% 
of all cases), 58 of which were the intraluminal subtype, 

27 were the mural subtype, and eight were the luminal 
subtype. The SA type accounted for 42% of all cases 
(71/169), 48 of which were plexiform, 16 were follicular, 
and seven were acanthomatous. Only 2.4% of cases 
were DA (4/169), and 0.6% of cases were ameloblastic 
carcinoma (1/169). 

The male:female (M:F) ratio was 1:1, with 84 males 
and 85 females, and the age range was 2-79 years (mean: 
39.2 years). A clear predominance of mandibular local-
ization was observed in this study, with 92% of the cases 
exhibiting lower jaw involvement. In addition, most of 
these tumors involved the posterior area and measured 
between 3-6 cm (mean size of mandibular tumors: 5.1 
cm).

Immunohistochemistry 
All five tooth germs were negative for WT1 (Fig. 1). 
The ameloblastomas exhibited higher WT1 expres-

Fig. 1   Tooth germ demonstrating no WT1 protein expression (magnification 100×). Mesothelioma was used as the 
positive control (upper left corner).

Fig. 2   Differential WT1 expression in solid ameloblastomas, magnification 200×. a and b) The ameloblastomas 
exhibit increased WT1 protein expression in ameloblast-like basal cells, whereas the stellate reticulum-like cells 
primarily exhibit medium or low WT1 expression. c) Some cases were negative (−) for WT1 protein, whereas 
endothelial cells of blood capillaries were positive (internal control). d) Weak/moderate (+) WT1 expression in 
follicular ameloblastoma. e) Strongly positive (++) WT1 protein expression in plexiform ameloblastoma. f) Strongly 
positive (++) WT1 protein expression in acanthomatous ameloblastoma.
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sion in ameloblast-like basal cells, whereas the stellate 
reticulum-like cells primarily exhibited medium or low 
expression. WT1 protein expression was found exclu-
sively in the cytoplasm of tumor cells. The endothelial 
cells of the blood capillaries were positive (internal 
control for immunohistochemistry) in all cases (Figs. 2, 
3). 

More than half of the ameloblastomas showed WT1 
overexpression (54.7%), and the SA type exhibited 
more evident immunoreactivity (76.1%) than the UA 
type (40.9%, P < 0.05; Table 1 and Figs. 2, 3). Some 
minor differences were detected between the SA and UA 
subtypes (Table 1).

All DA samples were negative for WT1. Because of 
the rarity of this tumor, only one ameloblastic carcinoma 
was included in this study, and this specimen was posi-
tive for WT1.

The categorization of positive immunostained samples 
into two groups, namely, weakly/moderately positive 
(+) or strongly positive (++), showed that all types 
and subtypes predominantly exhibited weak/moderate 
positivity, with the exception of the solid acanthomatous 
subtype (Fig. 2), which exhibited 71.4% strong positivity 
(Table 1).

No statistically significant differences in WT1 immu-
nohistochemical staining were observed by clinical 

variables such as age, sex, location, size, and recurrence 
(Table 2). 

WT1 expression in cell lines
The expression of WT1 protein was examined using 
western blotting. It was strongly detected in HAM2, 
and slightly detected in HAM1 and HAM3 (Fig. 4). The 
expression level of WT1 mRNA in HAM2, examined by 
RT-PCR, was higher than that in HAM1 (moderate) and 
HAM3 (weak; Fig. 5).

Discussion
The present study examined the expression of WT1 in 
various histological subtypes of ameloblastoma tissue 
specimens and in human ameloblastoma cell lines estab-
lished from the same patient. Although all tooth germs 
were negative for WT1, more than half of the amelo-
blastoma tissue samples showed WT1 overexpression. 
Moreover, although tumor cells of the tissue samples may 
be influenced by stroma expressing WT1, the cell lines 
expressed WT1 without being influenced by any other 
factors. These findings suggest a relationship between 
WT1 and the pathogenesis of ameloblastoma. Based 
on the results that ameloblast-like basal cells exhibited 
strong positivity, stellate reticulum-like cells exhibited 
medium or low positivity in the tumor nests, and the 

Table 1  WT1 expression in the different ameloblastoma subtypes
Ameloblastoma 
histological type n Negative

n (%)
+

n (%)
++

n (%) P values

Solid/Multicystic 71 17 (23.9) 36 (50.7) 18 (25.4) 0.01*
PSA 48 13 (27.1) 25 (52.1) 10 (20.8)
FSA 16  4 (25)  9 (56.2)  3 (18.7)
ASA  7  0 (0)  2 (28.5)  5 (71.4)
Unicystic 93 55 (59.1) 34 (36.6)  4 ( 4.3) 0.03*
LUA  8  2 (25)  5 (62.5)  1 (12.5)
IUA 58 40 (69) 16 (26)  2 (5)
MUA 27 13 (48.1) 14 (48.1)  1 (3.7)
Desmoplastic  4  4 (100)  0 (0)  0 (0)
Ameloblastic carcinoma  1  0 (0)  1 (100)  0 (0)
Tooth germs  5  5 (100)  0 (0)  0 (0)
Differences in the degree of WT1 expression in different ameloblastoma histological 
types and subtypes. Solid/Multicystic vs Unicystic P = 0.000**. *Kruskal-Wallis test, 
**Mann-Whitney test. IUA: intraluminal unicystic ameloblastoma; LUA: luminal 
unicystic ameloblastoma; MUA: mural unicystic ameloblastoma; FSA: follicular solid 
ameloblastoma; ASA: acanthomatous solid ameloblastoma; PSA: plexiform solid 
ameloblastoma. Fig. 3   Differential WT1 in unicystic ameloblas-

tomas, magnification 200×. a and b) Strongly 
positive (++) WT1 protein expression in unicystic 
ameloblastoma. c) Negative WT1 protein expression 
in the cystic ameloblastic epithelium and endothelial 
cells of blood capillaries as internal controls. 
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expression level of WT1 in HAM2 was higher than 
that in HAM1 and HAM3, it can be presumed that the 
tumors presented apparent morphological and biological 
heterogeneity.

In recent years, there has been considerable accumula-
tion of information on the expression of WT1 in tumors 
of different origins. As these tumors develop from tissues 
that do not normally express WT1, it has been suggested 
that its expression may play an oncogenic role in these 
lesions (4). 

In normal tissues, WT1 protein is expressed in the 
kidneys, uterus, decidua, gonads, ureters, arteries, 
mesothelium, skeletal muscles, and smooth muscles of 
the urinary bladder (18,19). Ameloblastomas are odon-
togenic tumors that develop during the process of tooth 
formation (odontogenesis). Thus, this study included five 
tooth germs from different embryological stages that did 
not exhibit WT1.

Mikami et al. (7) reported that the normal mucosal 
epithelium did not express WT1; however, WT1 mRNA 
and protein were expressed in the outer one to three cell 
layers of infiltrating tumor nests of OSCC. Moreover, 
WT1 was also expressed in the prickle cell layers of the 

epithelium where cell adhesion was weakened to form 
tumor nests for invasion. The outer layers of an OSCC 
tumor nest are less differentiated than the inner layer. 
Langman et al. (20) reported that even though the normal 
myoepithelium of the salivary gland, which is less differ-
entiated than the glandular epithelium, was negative for 
WT1 protein, the neoplastic myoepithelium in pleomor-
phic adenomas of the salivary gland was positive for it. 
These findings suggest that WT1 is expressed in lower 
differentiated epithelium instead of higher differentiated 
epithelium during the process of tumorigenic transforma-
tion and neoplastic cells. Kasper et al. (21) reported the 
transient co-expression of cytokeratins and vimentin in 
the external enamel epithelium and stellate-reticulum 
cells during enamel development. Based on these facts, 
it is suggested that ameloblastomas may be derived from 
less differentiated epithelium with mesenchymal charac-
teristics, and these reports support the notion that WT1 is 
related to its pathogenesis.

WT1 protein expression was observed in more than 
half (54.7%, 92/168) of all cases included in this study. 
All of the positive cases exhibited diffuse or granular 
staining in the cytoplasm, and this finding is consistent 

Table 2  Clinicopathological features and WT1 expression
Factor Negative + ++ Total P value
Age (years)

 0-19 20 22  2  44 P = 0.635
20-39 35 31 14  80
40-59 12 13  5  30
30-39  0  3  2  11
60-79  9  5  1  15
Total 76 71 22 169

Sex
Male 34 34 16  84 P = 0.244
Female 42 37  6  85
Total 76 71 22 169

Location
No data  1  4  2   6 P = 0.158
Mandibular 73 62 20 155
Maxilla  2  5  0   7
Total 76 71 22 169

Size (cm)
No data  4  7  3  14 P = 0.260
0-3 15 15  5  35
3.1-6 34 38  8  80
6.1-9 11  5  6  22
>9 12  6  0  18
Total 76 71 22 169

Recurrence
No 71 65 22 158 P = 0.116
Yes  5  6  0  11
Total 76 71 22 169

Association between epithelial WT1 expression and clinicopathological 
factors examined using chi-square tests.

Fig. 4   Western blotting. WT1 protein expression is strongly 
detected in HAM2 and is minimally detected in HAM1 and 
HAM3 cell lines. K562 served as a positive control.

Fig. 5   RT-PCR. WT1 mRNA expression was examined in 
three cell lines. HAM2 exhibited strong WT1 mRNA expres-
sion, HAM1 exhibited moderate expression, and HAM3 weakly 
expressed WT1. K562 served as a positive control.
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with those reported by Nakatsuka et al. (6) who examined 
494 cases of different human neoplasias including tumors 
of the urinary and gastrointestinal tract, female and male 
genital organs, lung, skin, breast, brain, soft tissues and 
bone using an immunohistochemical approach. 

Harada et al. (22) reported that the expression level of 
WT1 mRNA was higher in more advanced tumors, and 
Oji et al. (23) reported that WT1 mRNA expression was 
correlated to the tumor stage of head and neck squamous 
cell carcinoma. 

Ameloblastoma is a benign tumor derived from the 
odontogenic epithelial component of tooth germ, and 
presents local invasiveness and a high rate of recurrence 
if not removed adequately (24). Moreover, ameloblastic 
carcinoma can arise from a pre-existing benign amelo-
blastoma (25).

Although the development of non-invasive therapies 
has been precluded by a lack of understanding of the 
molecular background of ameloblastoma pathogenesis, 
Kurppa et al. found a high frequency of BRAF V600E 
mutations in these tumors (26). Sweeney et al. also 
reported frequently occurring SMO (encoding Smooth-
ened, SMO) mutations in ameloblastoma, and the effects 
of these mutations in the activity of the Hedgehog 
pathway could be inhibited by arsenic trioxide, an 
anti-leukemia drug (27). Kaye et al. administered BRAF-
targeted therapy consisting of dabrafenib at a dosage 
of 150 mg twice daily and trametinib at a dosage of 2 
mg once daily to a stage 4 ameloblastoma patient with a 
BRAF mutation, and found that the tumor size decreased 
within 4 days (28). 

In the present study, the expression of WT1 was 
significantly increased in the SA subtype (76.1%), 
which presents with the most aggressive characteristics 
compared to the other variants. Relatively reduced WT1 
expression was also noted in the UA variant compared to 
the SA variant. Clinically, UA does not usually behave as 
an SA, and does not infiltrate the surrounding bone (24).

The increased expression of WT1 in SA may suggest 
an association of this protein with tumor biological 
behavior. In fact, various studies have demonstrated that 
WT1 gene expression promotes cell growth and motility 
(29,30) and suppresses apoptosis (31).

Four cases of DA and a case of ameloblastic carci-
noma were included in the present study. The DA cases 
were all negative for WT1, and the case of ameloblastic 
carcinoma was positive for WT1. However, the number 
of cases was too small to draw definite conclusions from 
some of the findings. Since ameloblastomas can trans-
form into ameloblastic carcinomas, further studies are 
necessary to clarify the correlation between ameloblastic 

carcinoma and WT1.
After the three major cancer therapies (surgery, chemo-

therapy, and radiotherapy), cancer immunotherapy is 
another reliable option available for cancer treatment. In 
recent years, WT1 peptide-based cancer immunotherapy 
has been proven to be a new possible cancer treatment, 
and clinical trials focusing on this have demonstrated 
effective responses in specific types of cancers (9-15). 
The complete eradication of cancer stem cells is thought 
to be essential for curing cancer and, to date, only immu-
notherapy is capable of killing non-dividing, quiescent 
cancer stem cells (5). Ameloblastoma is a neoplasm that 
requires invasive surgery as well as other therapeutic 
strategies such as immunotherapy. 

In conclusion, WT1 overexpression was observed in 
76.1% of SA types, and also in human dental epithelial 
cell lines derived from the same ameloblastoma patient, 
suggesting that ameloblastoma presents heterogeneity 
based on the expression patterns and levels. Our results 
suggest that the expression of WT1 can influence the 
pathogenesis of ameloblastoma by varying its expression 
level in different histological types.
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