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Abstract: The present study investigated the relationship between the expression of p-mTOR, p-4EBP1 and p-
p70S6K in the cytoplasm and nucleus of ameloblastoma (AB) cells and the invasiveness of ABs. Immunohisto-
chemistry was performed to detect the expression of p-mTOR, p-4EBP1 and p-p70S6K in ABs and the level of these
proteins in the nucleus and cytoplasm was scored. There was ectopic expression of p-mTOR in ABs. 27 AB patients
were positive for p-mTOR expression in the nucleus and 47 for p-mTOR expression in the cytoplasm. The ectopic
expression of p-4EBP-1 was also noted. 23 patients (27%) were positive for p-4EBP-1 expression in the nucleus and
55 (64.7%) for p-4EBP-1 expression in the cytoplasm. The ectopic expression of p-p70S6K was also noted. Of these
patients, 33 were positive for p-p70S6K expression in the nucleus (38.8%) and 45 for p-p70S6K expression in the
cytoplasm (52.9%). Statistical analysis showed the expression of three proteins in the nucleus of patients with recur-
rent cancer was markedly higher than that in those with primary cancer. The expression of p-mTOR, p-4E-BP1 and
p-p70S6K in the nucleus was related to the invasiveness of ABs. Multivariable analysis with Cox proportional haz-
ards model showed the p-mTOR expression had influence on AB recurrence (OR: 6.417, 95%Cl: 1.428-28.824). The
possibility of AB recurrence in patients with nuclear p-mTOR expression was 6.417 folds higher than that in those
with cytoplasmic p-mTOR expression. The nuclear expression of p-mTOR, p-4E-BP1 and p-p70S6K was associated
with biological behaviors (invasiveness) of ABs, and p-mTOR was an independent predictor of AB.
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Introduction

Ameloblastoma (AB) is an odontogenic tumor
derived from the jaw. In China, the AB accounts
for 36% of odontogenic tumors [1]. The AB
mainly consists of enamel-like structure, but
has no enamel and other hard tissues. The
majority of AB occurs in the jaw resulting in jaw
enlargement and facial deformation. Although
AB is a benign tumor, the incidence of post-
operative recurrence of AB is still higher than
that of other odontogenic tumors. In 2005,
WHO classified AB into 4 variants with different
pathological characteristics including solid/
polycystic AB, extra-osseous/peripheral AB,
desmoplastic AB and unicystic AB. Patients
with AB of different variants presents with dif-
ferences in the age, site of AB, imaging findings
and clinical prognosis. Previously, curettage

was used for the treatment of AB. Currently,
extensive resection of AB is usually applied in
the treatment of AB due to the high incidence of
recurrence. However, a small number of
patients have the tendency to recurrence. The
focal invasive growth of ABs is a major cause of
post-operative recurrence, and the mechanism
underlying the invasive growth of ABs has
become a hot topic in research on AB [2-3]. In
recent years, studies on the invasive growth of
ABs focus on the protein and gene levels, and
attention has been paid to the proliferation,
apoptosis, matrix degradation and expression
of oncogenes and tumor suppressor genes
[4-5].

mTOR signaling pathway is one of important
pathways closely related to the proliferation
and apoptosis of cells. In recent years, studies
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Table 1. Histopathological patterns of AB (Im-
munohistochemsitry)

Pattern N
Solid/polycystic 66
follicular 19
plexiform 37
mixed follicular/plexiform 1
acanthomatous 6
basal cell 3
Unicystic 15
Peripheral 2
Desmoplastic 2

in depth reveal that mTOR signaling pathway
plays important roles in the cellular biological
processes (cell apoptosis, transcription, trans-
lation, metabolism, angiogenesis and regula-
tion of cell cycle) which are associated with the
occurrence and development of numerous
tumors [6-8]. The genetic alteration of mTOR
signaling pathway and biochemical activation
of this pathway are often found in the cancer of
early phase or progressive phase. In addition,
the extent of activation of this pathway is also
used as an indicator to determine the progno-
sis of cancer patients. Thus, the mTOR signal-
ing pathway has been a target in the treatment
and prevention of cancers [9-10].

The PI3K/Akt/mTOR signaling pathway is close-
ly associated with proliferation and growth of
cells [11-12]. PI3K/Akt signaling pathway and
LKB1 /AMPK signaling pathway function via the
TSC. Akt can phosphorylate TSC2, which blocks
the influence of TSC complex on Rheb activity
leading to the activation of mTOR. On the con-
trary, AMPK phosphorylates TSC2, which blocks
the mTOR induced activation of two target pro-
teins (ribosomal p70S6 kinase [S6K1] and
4E-BP1) downstream of mTOR. 4E-BP1 is an
inhibitor of eukaryotic translation initiation fac-
tor (elF4E). After being released from the phos-
phorylated 4E-BP, elFAE is activated and pro-
motes the translation of mMRNA. S6K1 is widely
expressed in cells and is the ribosomal 40S
subunit S6 protein kinase. S6K1 functions to
phosphorylate ribosomal 40S subunit S6 pro-
tein, which facilitates the translation of 5 'TOP
(tract of py2rimidine) in mRNA. The products of
MRNA containing 5 'TOP are mainly ribosome,
initiation factor and elongation factor which are
essential for the translation.
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However, few studies have been conducted to
investigate the mTOR signaling pathway in the
odontogenic tumors. In our previous study,
results showed ABs were strong positive for
Akt, a regulatory factor upstream of mTOR. Only
one study was carried out to investigate the
mTOR and related regulatory genes in ABs [13].
In this study, immunohistochemistry was done
to detect the expression of mTOR and related
regulatory genes in 32 AB patients, and results
confirmed that AB was positive for these pro-
teins. The phosphorylation of mTOR, 4E-BP1
and P70S6K may lead to their activation. In the
present study, immunohistochemistry was
employed to detect the expression of p-mTOR,
p-4EBP1 and p-p70S6K in AB from 85 patients
and to explore the relationship between these
proteins and the invasiveness of AB.

Materials and methods
Clinical information

Among 600 patients with AB admitted into affil-
iated hospital of China Medical University from
2006 to 2010, 85 patients were selected of
whom 50 had primary AB, 33 had recurrent AB
and 2 developed malignant transformation.
There were 55 males and 30 females with the
male to female ratio of 1.83:1. The median age
was 44.3 years (range: 7~76 years). Patients
aged 33-52 years accounted from 50.5%
(43/85). The longest course of disease was 16
years, and the shortest one was 7 days. Among
these patients, 85.8% of patients developed
AB in the mandible (73/85): left mandible:
n=34; right mandible: n=33; mandibular sym-
physis: n=5. The 11.8% of patients had AB in
the maxillary: left maxillary: n=7; right maxillary:
n=3. In addition, AB was found in the gum in 1
patient and in the rapharyngeal space in 1
patient. The interval to recurrence ranged from
4 months to 30 years. The pathological exami-
nation showed solid/polycystic AB in 49.4%
(66/85) of patients, unicystic AB in 17.6%
(15/85), desmoplastic AB in 2.35% (2/85) and
peripheral AB in 2.35% (2/85). Among 66
patients with solid AB, follicular pattern was
found in 19 patients, plexiform pattern in 37,
acanthomatous pattern in 6, basal cell pattern
in 3, and mixed follicular/plexiform pattern in 1.
In addition, the diagnosis of malignant AB was
based on the criteria for the classification of
odontogenic tumor (WHO, 2005), and basal cell
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Figure 1. A: Cytoplasmic p-mTOR expression in AB; B: Nuclear p-mTOR expression in AB; C: Cytoplasmic p-4E-BP1
expression in AB; D: Nuclear p-4E-BP1 expression in AB; E: Cytoplasmic p-p70S6K expression in AB; F: Nuclear
p-p70S6K expression in AB.

pattern and plexiform pattern of malighant AB
was found in 1 and 1 patient, respectively
(Table 1). Among patients with recurrence, 21
developed recurrent AB after curettage and 12
had recurrent AB after resection (1 received
partial resection of right mandible and iliac
bone grafting). In the normal control group, the
oral mucosa was collected.

Immunohistochemistry

Tissues were consecutively cut into sections
(4um). The sections were selected and used for
immunohistochemistry with SP method under
the same condition according to the manufac-
turer’s instructions (p-mTOR: 1:100; p-4E-BP1.:
1:50; p-p70S6K: 1:100). Visualization was
done with DAB. In the negative control group,
the primary antibody was replaced with 0.01
mol/L PBS. The positive control was provided
by Maixin. Cells with brown granules were
regarded as positive for target proteins. Protein
expression in the membrane and/or cytoplasm
or the nucleus alone was regarded as
abnormal.

The pathology was evaluated by two experi-
enced pathologists and consensus was
obtained. The scoring of expression of p-mTOR,
p-4E-BP1 and p-p70S6K was performed with
criteria for IRS score: IRS=X.SixPP where Sl is
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staining intensity (O, no staining; 1, weak stain-
ing; 2, moderate staining; 3, strong staining)
and PP is proportion of positive cells (O, no pos-
itive cells; 1, 10% positive cells; 2, 11-50% pos-
itive cells; 3, 51-81% positive cells; 4, >81%
positive cells).

Statistical analysis

Statistical analysis was done with SPSS version
13.0. Chi square test and one way analysis of
variance were used for comparisons. Kaplan-
meier method was employed to delineate sur-
vival curve. Log-rank test was used to compari-
sons between groups. Multivariable survival
analysis was done with Cox proportional risk
model. A value of two-tailed P<0.05 was con-
sidered statistically significant.

Results

The p-mTOR positive cells in normal oral muco-
sa were stained brown. Protein was found in
the membrane and nucleus. In the AB, abnor-
mal expression of p-mTOR was noted, and the
staining intensity increased. The p-mTOR expr-
ession in the membrane reduced. Among 63
AB patients, 47 were positive for cytoplasmic
p-mTOR expression (55.3%) and 27 for nuclear
p-mTOR expression (32%). Patients with abnor-
mal nuclear p-mTOR expression also presented

Int J Clin Exp Pathol 2012;5(7):660-667
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Table 2. Nuclear and cytoplasmic expression of p-mTOR

in primary and recurrent AB

In the present study, patients received
follow up, and log-rank test and Cox pro-

portional risk model were employed for

Group Cytoplasmic Nuclear Total
Primary 45(88.2%) 6(11.8%) 51
Recurrent 2(8.7%) 21(91.3%) 23
Total 47 27 74

univariable and multivariable survival
analysis. Then, Kaplan-Meier method was
employed to delineate the survival curve.

Table 3. Nuclear and cytoplasmic expression of p-4E-

BP1 in primary and recurrent AB

Figure 2, 3 and 4 display the relationship
between the p-mTOR expression and the
interval to AB recurrence, between the
p-4E-BP1 expression and the interval to

ABrecurrence and between the p-p70S6K

Group Cytoplasmic Nuclear Total
Primary 50(92.6%) 4 (7.4%) 54
Recurrent 5 (9.1%) 19 (82.6%) 24
Total 55 23 78

expression and the interval to AB recur-
rence, respectively. The medial survival
time of patients with nuclear and cyto-

Table 4. Nuclear and cytoplasmic expression of p-

p70S6K in primary and recurrent AB

plasmic p-mTOR expression was 7.74
years and 18.75 years, respectively, that
of patients with nuclear and cytoplasmic
p-4E-BP1 expression was 8.14 years and

12.71 years, respectively, and that of

Group Cytoplasmic Nuclear Total
Primary 40 (74.1%) 14 (25.9%) 54
Recurrent 5 (20.8%) 19 (79.2%) 24
Total 45 33 78

patients with nuclear and cytoplasmic
p-P70S6K expression was 7.69 years and
17.13 years, respectively, showing signifi-
cant difference (P<0.05). In the multivari-

with abnormal cytoplasmic p-mTOR expres-
sion. In the normal oral mucosa, p-4E-BP1 pos-
itive cells had brown granules, and protein was
mainly found in the cytoplasm. Abnormal
expression was found in the nucleus and mem-
brane. In the AB patients, abnormal p-4E-BP1
expression was found, 55 (64.7%) were posi-
tive for cytoplasmic p-4E-BP1 expression and
23 for nuclear p-4E-BP1 expression (27.1%). In
normal oral mucosa, cells were negative for p-
p70S6K and p- p70S6K expression was not
found in the cytoplasm and nucleus. In the AB
patients, abnormal p- p70S6K expression was
found in the cytoplasm and nucleus, 45 were
positive for cytoplasmic p- p70S6K expression
and 33 for nuclear p- p70S6K expression
(38.8%) (Figure 1).

The expression of p-mTOR, p-4E-BP1 and
p-p70S6K was scored. The cytoplasmic expres-
sion was defined as group 1 and nuclear
expression as group 2. Chi square test showed
the invasiveness of AB was closely related to
the expression of these proteins in the cyto-
plasm or nucleus. Among patients with recur-
rent AB, the nuclear expression of p-mTOR,
p-4E-BP1 and p-p70S6K was markedly higher
than that in patients with primary AB (Table 2,
3, 4; X2=43.275, 41.150 and 19.276, respec-
tively, P<0.0001).
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able analysis showed nuclear expression
of p-mTOR was an independent factor affecting
the recurrence of AB (OR: 6.417, 95%Cl: 1.428-
28.824). The nuclear p-mTOR expression
increased the risk for the recurrence of AB by
6.417 folds as compared to the cytoplasmic
p-mTOR expression.

Discussion

mTOR and its regulatory genes play important
roles in the occurrence and development of
some tumors [14-16]. The activated mTOR can
promote the proliferation of cancer cells,
increase the secretion of oncoprotein, facilitate
the cell cycle, shorten the G1 phase and pro-
mote the rapid progression of cancers [17]. The
activation of mTOR signaling pathway can inhib-
it the apoptosis following multiple stimulations,
promote the progression of cell cycle and then
facilitate the survival and proliferation of cells.
In addition, activation of this pathway also
involves in the angiogenesis playing important
role in the carcinogenesis and participates in
the invasion and metastasis of cancers. The
invasion and metastasis are two important fac-
tors affecting the prognosis of cancer patients.
The degradation of extracellular matrix is
essential for the invasion and metastasis of
cancers. The PI3K/Akt/mTOR pathway has
been found to be related to the expression of
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Figure 2. Relationship between p-mTOR expression
and biological behavior of AB (P<0.001).
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Figure 3. Relationship between p-4EBP1 expres-
sion and biological behavior of AB (P=0.013).
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Figure 4. Relationship between p-p70S6K expres-
sion and biological behavior of AB (P=0.022).
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matrix metalloproteinase (MMP) and can up-
regulate the mRNA and protein expression of
MMP-2. In the colon cancer cells (KM20 cells)
[18] and highly invasive Lewis lung cancer cells
(H259 cells) [19], results showed PI3K/Akt/
mTOR activation could induce the invasion of
cancer cells in a membrane type 1 MMP depen-
dent manner. MT1-MMP belongs to the MMP
family and is a major activator of MMP-2. PI3K
inhibitor, mTOR inhibitor and Akt dominant nega-
tive mutant over-expression can block the MT1-
MMP expression and then significantly reduce
the invasion of cancer cells [20-21]. In the hepa-
tocellular carcinoma (HCC), hepatitis B virus X
protein (HBX) can stimulate the activation of
PI3K/Akt signaling pathway to regulate the tran-
scription of MMP-29, which then increases the
invasion of cancer cells [22]. In AB, previous
studies showed the mRNA expression of MMP-2
and its inhibitor TIMP-2 was markedly increased
as compared to normal dental follicle tissue and
that in recurrent AB and solid AB was significant-
ly higher than that in primary AB and cystic AB.
In addition, to silence MMP-2 expression via
RNAI or reduce MMP-2 expression with MMP-2
inhibitor (Ro31-9790) may dramatically compro-
mise the invasiveness of cancer cells. Our
results showed mTOR and its downstream fac-
tors had high expression in AB, which may
increase the MMP-2 expression, resulting in
invasion of cancers.

Early studies on PI3BK/Akt/mTOR signaling path-
way showed this pathway was abnormal in
numerous cancers including esophageal cancer,
cholangiocarcinoma, prostate cancer, etc [23-
26]. In the oral and maxillofacial tumors, similar
findings have also been noted. Liu et al [27]
found that the expression of mTOR and its sub-
strate P70S6Kal, a2, B1 and B2 increased with
the increase in malignancy, suggesting that
mTOR is a central regulator of cell growth.
p70S6K is a direct substrate of mTOR and a key
signal molecule regulating protein synthesis.
Thus, mTOR/ p70S6K signaling pathway might
play important regulator roles in the occurrence
of oral squamous cell carcinoma. Chakraborty
et al [28] found mMTOR/ p70S6K signaling path-
way was abnormal in oral squamous cell carci-
noma. Thus, they selected 3 important mole-
cules (TSC1, TSC2 and PTEN) in this pathway,
and heterozygous deletion as well as was meth-
ylation and demethylation were introduced.
Results showed TSC1, TSC2 and PTEN present-
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ed with heterozygous deletion at different sites,
methylation was found in the promoter of TSC2
and PTEN. After administration of methylation
inhibitor 5 - N -2 deoxycytidine, the methylation
was absent, suggesting that the pathway plays
crucial roles in the occurrence and develop-
ment of oral squamous cell carcinoma. Liu et al
investigated this pathway in the malignant
parotid tumors, in which immunohistochemis-
try and western blot assay were employed to
detect the expression of p70S6K in acinar cell
carcinoma and parotid adenocarcinoma.
Western blot assay showed the P70 S6K
expression in malignant parotid tumors was
markedly increased when compared with nor-
mal tissues (P<0.05). Immunohistochemistry
revealed the p70S6K expression in malignant
parotid tumors was also significantly higher
than that in normal tissues.

Scheper et al [13] employed immunohisto-
chemistry to investigate the expression and
biological importance of mTOR in AB. Results
showed the mTOR expression was found in
both cytoplasm and membrane and showed
similar level. In the present study, more sam-
ples were collected, and immunohistochemis-
try was done to detect the expression of
p-mTOR, p-4E-BP1 and p-p70S6K. Results
showed abnormal expression of these proteins.
Of 65 patients, 47 were positive for cytoplas-
mic p-mTOR expression (55.3%) and 27 for
nuclear p-mTOR expression (32%); 55 were
positive for cytoplasmic p-4E-BP1 expression
(64.7%) and 23 for nuclear p-4E-BP1 expres-
sion (27.1%); 45 were positive for cytoplasmic
p-p70S6K expression (52.9%) and 33 for nucle-
ar p-p70S6K expression (38.8%). These find-
ings indicate that, in AB, there is abnormal
aggregation of mTOR in the nucleus, which may
activate the transcription of mTOR downstream
factors and lead to the abnormal aggregation
of these factors. Our results showed the
p-mTOR, p-4E-BP1 and p-p70S6K entered from
the cytoplasm to the nucleus, and this abnor-
mality was related to the biological behavior of
AB. In the multivariable analysis, results
showed p-mTOR could serve as an independent
factor predicting the prognosis of AB patients.
The presence of nuclear p-mTOR expression in
AB increased the risk for recurrence of AB by
6.417 folds.

It has been widely accepted that the expres-
sion of mTOR and its downstream factors is
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mainly found in the cytoplasm, and these pro-
teins compose of several intracellular membra-
nous structure. mTOR functions via two multi-
protein complexes: mMTORC1 and mTORC2. The
downstream factors of mMTORC1 include 4E-BP1
and p70S6K, and the phosphorylation of
mTORC2 by Akt may lead to mTORC2 activa-
tion. The mTORC1 activation may increase the
invasiveness of cancer cells, which may be
attributed to the regulation of translation by
4E-BP1 and p70S6K. Usually, 4E-BP1 and
p70S6K are found in the cytoplasm of cancer
cells. Previous studies [29-30] showed the
nuclear p-4E-BP1 expression was related to the
poor differentiation of cancers. In the breast
cancer and ovarian cancer, p-4E-BP1 expres-
sion is frequently found in poorly differentiated
cancers and also predicts a poor prognosis.
These findings support our results that nuclear
expression of p-mTOR and p-4E-BP1was relat-
ed to the invasiveness of cancers. There is evi-
dence showing that mTORC1 locates in the
cytoplasm of fibroblasts, but its distribution in
cancer cellsis poorly understood. Study showed
the nuclear distribution of MTOR was helpful for
the signal transduction of 4E-BP1 and p70S6K
in the cytoplasm, but the specific mechanism is
unclear. In recent years, Bechman et al [31]
found that the nuclear expression of mTOR
required the signals from cytoplasmic p70S6K,
and p70S6K over-expression was associated
with poor prognosis of cancers, which was con-
sistent with our findings.
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