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SUMMARY

Introduction/Objective STAT3 (signal transducers and activators of transcription) is involved in differ-
ent physiological processes, including cell proliferation and survival. High expression of this protein is
observed in various types of cancer.

This study aimed to investigate the gene and protein expression of STAT3 in a series of odontogenic cysts
and tumors to provide more information about their biological profile.

Methods The STAT3 gene expression at mRNA was quantified by real-time quantitative polymerase
chain reaction (RT-gPCR) in 23 odontogenic keratocysts (OKCs) and seven ameloblastomas (AMs), and
compared to the non-neoplastic oral mucosa. We also assessed the expression of STAT3 gene at protein
levels, using immunohistochemistry, in 43 OKCs and 47 AMs.

Results STAT3 transcripts were found in 96.6% of the tumors studied; however, the gene was downregu-
lated in OKC and AM compared to the non-neoplastic oral mucosa. The STAT3 gene expression at mRNA
level was higher in sporadic OKC than in syndromic OKC (p = 0.04). There was no difference in STAT3
gene expression at mRNA level between OKCs and AMs (p = 0.88). Immunostaining of STAT3 revealed
no significant difference between sporadic and syndrome OKC (p > 0.05), nor between conventional and
unicystic AMs (p > 0.05). Ameloblastomas exhibited significantly higher STAT3 immunostaining than OKCs
(p =0.03). In OKC and AM, STAT3 immunostaining was predominantly cytoplasmic and no difference in
the cellular localization of STAT3 was observed between these lesions (p = 0.58).

Conclusion Our findings showed low expression of STAT3 gene in OKCs and AMs in relation to non-
neoplastic oral mucosa. However, higher STAT3 immunostaining was observed in AMs compared to OKCs.
Keywords: odontogenic cysts; ameloblastoma; STAT3 transcription factor; gene expression; immuno-

histochemistry

INTRODUCTION

Odontogenic keratocysts (OKCs) and amelo-
blastomas (AM) are benign heterogeneous le-
sions of the jaws that arise from disturbances in
tooth formation and are characterized by locally
aggressive growth and recurrent rates [1]. The
fifth edition of the World Health Organization
(WHO) Classification of Head and Neck
Tumours has considered the advanced molecu-
lar investigation, a fact that may cause a clinical
impact [2]. As observed during odontogenesis,
the development of the two lesions is related to
the interaction between the odontogenic epithe-
lium and ectomesenchyme. This process is me-
diated by signaling pathways forming a complex
network [3]. One such pathway is the STAT3
signaling pathway, that has been suggested to
be involved in the pathogenesis, progression,
and recurrence of odontogenic tumors [4, 5].
STATS3 acts as signal transducers and tran-
scription activators that play key physiologi-
cal roles, including proliferation, survival,

differentiation, and apoptosis [6, 7]. In addition
to its participation in developing tooth germs
and their disorders, the STAT3 signaling path-
way is hyperactivated in most human cancers
[8, 9]. It is generally associated with poor clini-
cal prognosis [10, 11].

The STAT3 pathway has been the focus of
studies on head and neck tumors. An in vitro
study concluded that STAT3 is involved in the
motility, metastasis, and progression of oral
squamous cell carcinoma [12]. Recently, it has
been suggested that the phosphorylation of
STAT3 by IL-22 is essential for the increased
invasion capacity of oral squamous cell car-
cinoma cell lines [13]. Furthermore, STAT3
activation is associated with the regulation of
immunomodulatory proteins in head and neck
tumors, and may therefore be a promising tar-
get for therapeutic intervention [12, 13].

Few studies have investigated the expression
of STAT?3 in odontogenic cysts and tumors [4,
5]. STAT3 and other related pathways partici-
pate in the epithelial-mesenchymal transition
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of AM via IL-6 and the acquisition of epithelial stem cell-
like properties by this tumor [5]. However, it was not found
STAT3 immunostaining in OKCs, only during their malig-
nant transformation to primary intraosseous squamous cell
carcinoma [4]. Therefore, the present study aimed to evalu-
ate the STAT3 gene expression (mRNA and protein) in a
series of odontogenic cysts and tumors, including sporadic
OKC, OKC associated with nevoid basal cell carcinoma
syndrome (NBCCS), conventional AM, and unicystic AM,
to provide more information about the biological profile
of this group of lesions.

METHODS

All procedures performed in studies involving human par-
ticipants have been in accordance with the ethical stan-
dards of the institutional and/or national research com-
mittee and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. The study
has been approved by the Ethics Committee of the School
of Dentistry, Federal University of Bahia, Salvador, Bahia,
Brazil (Protocol N°© 646.051). After approval, 47 cases of
AM (30 conventional and 17 unicystic) and 43 cases of
OKC (35 sporadic and eight associated with NBCCS)
were obtained from the archives of the Surgical Pathology
Service of the School of Dentistry, Federal University of
Bahia, and University of Sdo Paulo. The histopathological
diagnosis was based on the World Health Organization
Classification [2].

The samples were submitted to immunohistochemistry
using STAT3 antibody. The odontogenic cysts and tumors
selected comprised cases collected between 2002 and 2014.
Thirty samples including seven AMs (five conventional and
two unicystic) and 23 OKCs (14 sporadic and nine associat-
ed with NBCCS) were selected for gene expression analysis.
Three samples corresponding to non-neoplastic oral mucosa
from healthy individuals undergoing surgical excision of
third molars, for orthodontic reasons, were included.

The samples were collected between 2005 and 2013 and
stored in RNAlater solution (Ambiom®) at -80°C until the
experiments were performed.

RNA extraction and reverse transcription

Total RNA was extracted from 25-30 mg of frozen OKCs
and AMs according to manufacturer specifications
(RNeasy Mini Kit, Qiagen, Hilden, Germany). Genomic
DNA was eliminated with DNase I (DNase I Amplification
Grade Kit, Invitrogen, Carlsbad, CA, USA). RNA purity
was evaluated by spectrophotometry (NanoDrop, Thermo
Scientific, Wilmington, DE, USA) and values of 1.9-2.05
(A260/280) were considered satisfactory. The quantity of
total RNA was determined by fluorimetry (QuBit™, Life
Technologies, Camarillo, CA, EUA). The integrity of total
RNA was confirmed by agarose gel electrophoresis (con-
taining 1% formaldehyde). The cDNA was synthesized
from 2 pg total RNA using oligo (dT) primers and the
SuperScript II Reverse Transcriptase Kit (Invitrogen) in
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a reaction volume of 20 pL according to the protocol of
the manufacturer. The reaction mixtures were incubated
at 42°C for 2 minutes, followed by 65°C for 50 minutes,
42°C for 55 minutes, 70°C for 15 minutes, 37°C for 20
minutes, and 4°C for 5 minutes. The efficiency of reverse
transcription was evaluated by amplifying the GAPDH and
B2M reference genes.

Real-time quantitative polymerase chain reaction
(RT-qPCR) and analysis of gene expression

The RT-qPCR assays were carried out in duplicate using
inventoried TagMan Gene Expression Assays™ for the
STAT3 gene (Hs00374280_m1), as well as for the GAPDH
(Hs02758991_gl) and B2M (Hs00984230_m1) reference
genes. The reactions were run on the ViiA™ 7 Real-Time
PCR System (Applied Biosystems™, Foster City, CA, USA)
using 96-well plates, in a total volume of 20 pL. Each well
contained 2.5 ng/pL cDNA of the sample (8 uL), 1 uL
of the assay, 10 uL TagMan PCR Master Mix (Applied
Biosystems™), and 5 uL. RNAse-free water. The amplifi-
cation program consisted of an initial cycle at 50°C for 2
minutes and 95°C for 10 minutes, followed by 40 cycles of
95°C for 15 seconds and 60°C for 1 minute. The calibrator
sample (control) of the reactions consisted of a pool of
samples of non-neoplastic oral mucosa. After the ampli-
fication runs and dissociation, the relative quantification
(RQ) values were calculated using the Expression Suite
v.1.0.3 (Applied Biosystems™).

Immunohistochemistry

For immunohistochemistry, 4-um paraffin-embedded
tissue sections were deparaffinized and rehydrated using
routine methods. The STAT3 antigen epitopes were ex-
posed by immersing the sections in citrate buffer, pH 6.0, in
moist heat for 45 min, followed by the blockade of endog-
enous peroxidase (Peroxidase Blocking Solution™, Dako
Corporation, Carpinteria, CA, USA) for 10 minutes pro-
tected from light and of tissue proteins (Protein Blocking
Solution™, Dako Corporation) for 10 minutes. The sections
were incubated with the primary STAT3 antibody (clone
F-2, Santa Cruz Biotechnology, Santa Cruz, CA, USA), di-
luted at 1:100, overnight at 4°C. Next, the HRP Link and
HRP Enzyme reagents (Advance™, Dako Corporation) were
applied to the histological sections for 20 minutes each. The
reactions were developed with 3,3-diaminobenzidine (Dako
Corporation) for 5 minutes in a dark chamber, and the
slides were counterstained with Harris hematoxylin. Lung
squamous cell carcinoma sections were used as a positive
control of the reactions. Phosphate-buffered saline was used
as negative control in all reactions.

Immunohistochemical analysis

A previously trained examiner performed the immunohis-
tochemical analysis under a light microscope coupled to a
digital camera system (Axiocam ICC3; Zeiss, Gottingen,

Germany, 2008) using the Axio Vision 4.8 software (Zeiss).

Srp Arh Celok Lek. 2023 Jan-Feb;151(1-2):15-20



STAT3 gene expression in ameloblastomas and odontogenic keratocysts

Brown-stained cells were defined as immunopositive and
the intensity of staining was classified as follows: 0 = no
staining, 1 = mild staining, 2 = moderate staining, and
3 = intense staining. The proportion of positive cells was
scored 0-3, where 0 = up to 5% of positive cells, 1 = 6-25%
of positive cells, 2 = 26-75% of positive cells, and 3 = > 75%
of positive cells. Multiplication of the intensity score (0-3)
by the proportion of stained cells (0 to > 75%) resulted in
the following final scores: when the product of the two
scores was 0, the case was classified as negative; when the
product of the two scores ranged 1-3, the case was clas-
sified as low immunohistochemical expression; when the
product was > 4, the case was classified as high immuno-
histochemical expression [14]. The distribution of proteins
was evaluated particularly in the basal, intermediate, and
superficial layers of sporadic and syndromic (NBCCS)
OKGCs, as well as in the tumor islands, cystic epithelial
lining, and areas of squamous metaplasia of AMs.

Statistical analysis

The sample data did not show a normal distribution ac-
cording to the Gauss curve. Differences between groups
were evaluated using the Mann-Whitney and Fisher’s
exact tests. All statistical calculations and graphics were
performed with the GraphPad Prism 5.01 program (San
Diego, CA, USA). A p value < 0.05 was considered statisti-
cally significant.

RESULTS

Gene expression profile of STAT3 in odontogenic
keratocyst and ameloblastoma

Expression of the STAT3 gene was found in 29 (96.66%) of
the 30 odontogenic cysts and tumors studied. STAT3 tran-
scripts were detected in all cases of OKC, with RQ values
ranging 0.095-19.39 (median = 0.402, SD = 1.807). This
gene was downregulated compared to the non-neoplastic
oral mucosa (control) (Figure 1). It should be noted that
the RQ values deviated from the values of the other sam-
ples in two OKC cases (9.021 and 19.394). These cases were
sporadic/recurrent OKCs. Sporadic/recurrent OKCs ex-
hibited higher RQ values than syndromic OKCs (p = 0.04;
Mann-Whitney test) (Figure 2). In AMs, no STAT3 tran-
scripts were detected in one case, with RQ values rang-
ing 0-1.315 (median = 0.325, SD = 1.975). The gene was
downregulated compared to the to the non-neoplastic
oral mucosa (control) (Figure 1). No difference in STAT3
gene expression was observed between OKCs and AMs
(p = 0.88; Mann-Whitney test; Figure 3).

STAT3 protein in odontogenic keratocyst and
ameloblastoma

We evaluated STAT3 immunostaining in 90 odontogenic
tumors, including 43 OKCs and 47 AMs. The distribution
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Figure 1. Relative expression (Log2) of the STAT3 mRNA in odonto-
genic keratocysts (OKC) and ameloblastomas (AM) compared to the
calibrator (control) sample
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Figure 2. Comparison of STAT3 mRNA relative quantification (RQ) be-
tween sporadic odontogenic keratocysts (OKC) and syndromic OKCs
by Mann-Whitney test
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Figure 3. Comparison of STAT3 mRNA relative quantification (RQ) be-
tween odontogenic keratocysts (OKC) and ameloblastomas (AM) by
Mann-Whitney test

of scores for the proportion of stained cells and staining
intensity, the product of scores, and staining pattern are
summarized in Table 1.

Immunostaining in OKC was evident mainly in the basal
and intermediate layers of the epithelium lining the fibrous
cystic wall (Figure 4a). There was no significant difference
in the proportion of positive cells, staining intensity, or final
STAT3 score between sporadic OKCs and OKCs associated
with NBCCS (p > 0.05; Fisher’s exact test). Similarly, no dif-
ference was observed in nuclear staining of STAT3 between
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Table 1. Distribution of scores regarding STAT3 in odontogenic kera-
tocysts and ameloblastomas

Criteria Sporadic | Syndromic | Conventional | Unicystic
D — OKC OKC AM AM
(n=35) (n=8) (n=30) (n=17)
Stained cells
Score 0 13 1 3 7
Score 1 10 2 8 3
Score 2 4 5 5 2
Score 3 8 0 14 5
Intensity
Absent 13 1 3 7
Mild 10 6 9 4
Moderate 7 1 7 4
Intense 5 0 1 2
Product of scores
Negative 13 1 3 7
Low expression 13 6 12
High expression 9 1 15 6
Cell staining
Absent 13 1 3 7
Only cytoplasmic 13 4 17 7
Qopmieand | 5 | 3 | w0 | o
Only nuclear 0 0 0 1

OKC - odontogenic keratocysts; AM — ameloblastomas

Figure 4. STAT3 immunostaining; (a) cytoplasmic staining in cells of
the intermediate layer of the cystic epithelial lining in odontogenic
keratocysts; (b) predominantly cytoplasmic and possible nuclear stain-
ing in central and peripheral areas of tumor islands in conventional
ameloblastoma; (c) immunostained area of squamous metaplasia in
conventional ameloblastoma; (d) cytoplasmic staining in all layers of
the cystic lining of unicystic ameloblastoma

sporadic and syndromic OKCs (p = 0.66; Fisher’s exact test).
Immunostaining in AMs was more evident in the tumor
parenchyma of epithelial islands and in all layers of the
cystic lining. Furthermore, staining was more common in
peripheral than in central cells of the tumor islands. STAT3
immunoreactivity was also observed in areas of squamous
metaplasia (Figure 4b—d). No significant difference was
found in the proportion of positive cells, staining intensity,
or final STAT3 score between conventional and unicystic
AMs (p > 0.05; Fisher’s exact test). There was also no dif-
ference in nuclear staining of STAT3 between conventional
and unicystic AMs (p = 0.32; Fisher’s exact test).
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A significant difference in STAT3 immunostaining oc-
curred between OKCs and AMs, with a higher proportion
of positive cells in the latter (p = 0.03; Fisher’s exact test).
However, there was no difference in nuclear staining of
STAT?3 between OKCs and AMs (p = 0.58; Fisher’s exact
test).

DISCUSSION

Advances in understanding STAT3 signaling and its role in
tumor progression and aggressiveness have rendered this
transcription factor a potential target in different studies
on head and neck pathologies [4, 5, 12, 13]. Our study
aimed to evaluate the STAT3 gene expression at mRNA
and protein levels in OKC and AMs, common lesions with
variable degrees of aggressive behavior and different recur-
rence rates, to gain insight into the molecular profile of this
group of odontogenic lesions.

STAT3 transcript in OKC and AM was downregulated
compared to the to the non-neoplastic oral mucosa (con-
trol). Interestingly, 67.44% of the OKC cases and 78.72%
of the AM cases exhibited low or high immunolabelling
of STAT3. Thus, STAT3 gene expression was more evi-
dent at protein than at mRNA level in the cases studied.
In malignant head and neck tumors, expression of STAT3
protein is related to cell migration, and proliferation and
tumor progression [4, 15]. STAT3 exists in two isoforms, a
and [; STAT3 is a less abundant isoform that reduces the
transcriptional function of a [16]. The primer used in the
present study was specific for the a and B isoforms and we
can therefore rule out the possibility that the downregula-
tion of the gene had occurred in a specific isoform. We
hypothesized that a limited number of available samples
for gPCR and standard deviation could explain our results.
This aspect represented a limitation of this study. Perhaps a
larger number of cases and a laser-microdissection-based
analysis could clarify this matter.

In the present study, STAT3 immunostaining in OKC
and AM was predominantly cytoplasmic, while nuclear
staining was less common. STAT3 is present in the cyto-
plasm under basal and inactive conditions. The nuclear
translocation after activation is fundamental for the func-
tion of this protein as a transcription factor and regulator
of specific genes [17]. The predominantly cytoplasmic im-
munostaining of the protein and downregulation of the
STAT3 gene at mRNA level suggest low transcriptional
activity of this protein in the odontogenic cysts and tumors
studied. In the cytoplasm, unphosphorylated STAT3 inter-
acts with protein kinase R, blocking its enzymatic activity
and inhibiting autophagy, and also regulates cell migration
through microtubule polymerization [18, 19].

pSTAT3 was not included in the analysis because of
technical difficulties with antibody staining. Despite this,
the latent cytoplasmic STAT3 protein is activated by ty-
rosine phosphorylation mediated by Janus or Src kinases.
Once phosphorylated (pSTAT3), the protein forms dimers
and is translocated to the nucleus, where it binds to specific
DNA promoter sequences for transcription of its target
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genes [17]. Although the physiological performance of
signaling is important for the standard cell response, dis-
ordered activation of the STAT3 pathway occurs in many
human diseases, especially tumors. Thus, disruption of
STATS3 signaling is related to the process of tumorigenesis,
inducing the transcriptional activation of various genes
that regulate inflammation, angiogenesis, apoptosis resis-
tance, and metastasis [15, 20].

In contrast to the present study, in a series of only three
cases analyzed by immunohistochemistry, absence of
STAT3 in OKCs was revealed [4]. However, other authors
found positive staining for this protein in follicular AM
[5]. Given the higher immunostaining of STAT3 in AMs
observed in the present study, even considering the lack
of a significant difference in mRNA expression between
OKC and AM, we suggest that STAT3 may participate at
least in the tissue differentiation of these lesions. Regarding
the type of keratocyst, we found significantly higher ex-
pression of the STAT3 gene at protein levels in sporadic
OKGC:s than those associated with NBCCS. However, it is
difficult to explain this difference because of the small
number of syndromic cases. It is important to point out
that, despite the lack of studies comparing STAT3 between
different types of AM and OKGC, there is no consensus in
the literature regarding the distribution of tumor markers
among different odontogenic cysts and tumors. However,
this distribution is generally associated with proliferation,
recurrence, and tumor aggressiveness, which cannot be
inferred here [21, 22].

Immunostaining of STAT3 was observed in stellate
reticulum-like cells, in areas of squamous metaplasia. It
was also observed in peripheral cells of epithelial islands
of the tumor parenchyma in AMs. In OKCs, STAT3 im-
munostaining was detected in superficial and interme-
diate layers. In addition, immunostaining was found in
the suprabasal layer of the epithelium lining the fibrous
cystic wall in unicystic AMs. These findings suggest the
participation of STAT3 in the morphogenesis and differ-
entiation of AM and OKGC, indicating a role of this protein
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EKcnpecuja reHa STAT3 Kog amenobnactoma M 040HTOreHUX KepaToLucTa

JleoHapgo ae Apayxo Meno', laHaapa AHapage ae CantaHa?, Kaponute bpanam Lnendep Canec?,
bpaynuno KapHeupo KyHuop*, Mapunuja Tpuepsennep MaptuHc®, Banepuja Coy3a Opentact,
Onaswja Kano AkuHo Xasujep', Matpuuuja Pamoc Kapwu?, Knapuca Apayxo Cunga lypren?, »KaH Hynec goc CaHtoc'?

'Oepepantu yHuBep3uteT banje, Cromatonowwku ¢pakynter, Jlabopatopuja 3a xupypLuky natonorujy, Cansagop, bauja, Bpasun;
2Depepantu yHneep3uteT bauje, Mporpam cTomatonoruje 1 3apaeba, Cansagop, bauja, bpasun;

*Oepepantn yHneep3uteT bavje, Opemete 3a briomopdonorujy, Cansagop, bavja, Bpasun;

“Jy»HU yHuBep3uTeT y bauju, Oferbetbe 3a opainHy 1 MakcunodavuujanHy xupyprujy, *Keknje, bavja, bpasun;

Ynusep3utet y Cao lMayny, Ofemerbe 3a opanHy u MakcunodauujanHy natronorujy, Cao Mayno, Cao Mayno, bpasun;

SApxaBHu yHuBep3uTeT y Oenpu fe CaHTaHy, 3ppasctBeHn nporpam, Gevpa ae CaHtaHa, bavja, bpasun

CAMXETAK

Yeoa/LUvm STAT3 (npeTBapauy curHana v akTmBaTopu TpaH-
cKpunuuje) yKibyyeH je y pasnuunte Gu3monoLlKe npotece,
yKIbyuyjyhu nponvndepauujy v npexvebasame henvja. Buco-
Ka ekcnpecuja oBOr NpoTeriHa ce npumehyje Koa pasnnuunTtiix
BPCTa paka.

OBa cTyauja je nmana 3a Lub Aa NCTPaXmn eKCnpecunjy reHa n
npoteunHa STAT3 y cepujii OfOHTOTEHMX LCTa 1 TyMOpa KaKo 61
Npy>Kuna BriLe MHPOPMALja O KUXOBOM OVONOLIKOM Npoduy.
Mertope Excnpecuja reHa STAT3 Ha MPHK je kBaHTUMKOBaHa
KBaHTUTATVBHOM JlaHYaHOM peaKL1joM MonmmMepase y peasHoM
BpemeHy (RT-kPCR) y 23 ogoHToreHe kepatouucte (OKL) u ce-
fam amenobnactoma (AM) n ynopefeHa ca HeHeonnaCTUYHOM
OpasiHOM Ciy3HMLIOM. Takohe CMO NPOLIeHNN eKCpecKjy reHa
STAT3 Ha HUBOUMa NPOTENHA, KOpUCTERU NMYHOXCTOXEMU)Y,
y 43 OKL n 47 AM.

Pesyntatu STAT3 TpaHcKpunTU cy npoHaheHn y 96,6% npo-
y4yaBaHUX Tymopa; MehyTum, reH je cmarbeH y OKL n AM y
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nopehery ca HeHeoNIaCTUYHOM OPaTHOM CJy30KOXKOM. EKc-
npecwuja STAT3 reHa Ha H1Boy MPHK 6una je Beha Kop crnopa-
Anunor OKL Hero kop cuHapomckor STAT3 (p = 0,04). Huje 6uno
pasnuke y ekcnpecuju STAT3 reHa Ha HuBoy MPHA n3mehy OKL|
1 AMc (p = 0,88). imyHo60jetbe STAT3 HUje OTKPUO 3HauajHY
pa3nviky n3mebhy cnopagunyHor v cuHgpoma OKL (p > 0,05), Hitn
13mehy KOHBEHLMOHANIHUX 1 YHALMCTYHUX AM (p > 0,05). Ame-
nobnacTomm cy nokasanu 3HauajHo Behe STAT3 nmyHob6ojerbe
o OKL (p = 0,03). Kog OKL| n AM, STAT3 umyHob6ojetbe je buno
NpeTeXHO LMTOMIa3MaTcko 1 Huje npumeheHa pasnuka y he-
nujckoj nokanmsauuju STAT3 namehy osumx nesuja (p = 0,58).
3aKspyyaK Halm Hanasu cy mokasanm HUCKY eKcnpecujy reHa
STAT3 y OKL, n AMc y ogHOCY Ha HeHeonnacTUYHy opasHy ciy-
30KoXy. MehyTnm, npumeheHo je Behe STAT3 umyHobojerbe
Koz AMy nopebhetby ca OKL.

KmbyuHe peun: ofoHTOreHe LucTe; amenobnactom; Gakrop
TpaHcKkpunuuje STAT3; ekcnpecuja reHa; UMyHOXCTOXeMMja
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