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[MEPIAHWH: Ta microRNAs efvar pdpia ta omoia emn-
PEGCOUV TIOIKIAEG BIOAOYIKEG KUTTAPIKEG Aeitoupyfeg odn-
ywvtag oe kakonBeig BAABeg, peta&y twv omoiwv Kai
oToV Kapkivo TG YAwooag arnd mAakwdeg emobrNio. 2Kko-
TIOG TNG CUYKEKPIPEVNG epeuvnTikAG epyaciag efval va
TIPOOSIOPIOTEN N HIAPOPETIKY EKPPAON TWV HOPIWY au-
TGV OToV KapKivo NG yAwooag and mhakwdeg embrihio
o€ olyKpIon He TOV TIAPAKEIEVO QUOIOAOYIKO 10TO.
YAikd kar MéBobor: ZuMéEape dwdeka Sefypata amd
BAGBN kal Tov Tapakeipevo QUOIOAOYIKS 10T TNG YAWO-
oag. Xpnoigoroijoape to MiRNA real-time PCR array
system yia va mpoadiopicoupie v mMIRNA ékppaon tou
KAPKIVOPATOG TNG YAWooag and MAakWoeg emorio.
AnoteAéopara kai Zupnepdopata: Avakahdyape v anop-
pUBpIon pepikdv MIRNAs ou Ba unopouoe va aMdgel
v mpdyvwon. MiR-196a, miR-142, miR-96 kar miR-21
Atav autd pe tn peyahltepn avgnon otnv €kpeacn, evw
n ékppaon Twv miR- 133, miR-206 kar miR-1 fjrav onpav-
TKA PEIWPEVN. Ta yovidia-oTdXog TwY HopiwV autwV eNEY-
XOUV Ta povordua Tou puBpidouy tnv Kuttapikr empiw-
on, Tov moMamAaoiaopd, v diagoporoinon, petavd-
oteuon, &idnorn, v andrmworn Kai to petapohiopd. Eivai
OpWG oNUavtikd va eheyxBel epatépw o pAAog Toug,

AEZEIX KAEIAIA: Kapkivwpa yAwooag and mAakwdeg -
BriNo, avBpwmivo yovidiwpa, microRNAs, pubpion, yo-
vidia-otdxol, povordua.

SUMMARY: MicroRNAs are involved in regulating diverse
cellular biological processes leading to malignancies, in-
cluding tongue squamous cell carcinoma (TSCC). There
are only few published data on the miRNAs that are ex-
pressed in the squamous cell carcinoma of the tongue.
The purpose of this study is to identify the differential
mIRNA expression between squamous cell carcinoma
of the tongue and the adjacent normal tissues.

Material and methods: We have collected twelve samples
from the tumor and the healthy adjacent tissue of the
tongue. We used miRNA real-time PCR array system to
identify miRNA expression profiles of squamous cell car-
cinoma of the tongue.

Results and conclusions: We identified some deregulated
miRNAs which may contribute to different prognosis.
MiR-196a, miR-142, miR-96 and miR-21 were the ones
with the highest upregulation, whilst the expression of
miR-133, miR-206 and miR-1 was significantly sup-
pressed. The target genes control pathways that regulate
cell survival, proliferation, differentiation, migration, inva-
sion, apoptosis and metabolism. It is therefore important
to further explore their roles in the carcinogenesis and
treatment of TSCC.

KEY WORDS: Tongue squamous cell carcinoma; human
genome; microRNAs; regulation; target genes; pathways.
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EIZAIQrH

To kapkivwpa g y\wooag améd mhakwdeg embriio
(TSCC) eival o o ouxvdg TUMoG Tou Kapkivou Tou oto-
patog and mhakwdeg embrihio (OSCC) kar amotelel v
€KIN TTO OUXVH| HoP®H) cUNTTayoUG KapKivou TTayKooHiwg
(Parkin kar ouv. 2005, Jemal kai ouv. 2007). O TSCC eiva
pia emBetikr) popor| kakorBelag e ypriyopn Totmkr dirj-
Bnon kar diacmmopd (Franceschi kai ouv. 1993, Polanska
kai ouv. 2014). MponyoUpeveg peréteg amédei€av ot ta
KAPKIVOHATA NG YAWoodg BioAoyikd kai emdnpioAoyikd
Slagpépouy amd TG GAeG EVIOTIIEIG OTn OTOUATIKY KOI-
Aotnta. H katavénon tou yovidiakoU Siktdou kai T mi-
croRNA pUBpiong Ba ritav oAl BonBnukr otnv PeAtiw-
on g mMPoANUNG, didyvwong kai Bepareiag g véoou.
Ta microRNAs eivar pikpd og péyebog (18-24 voukheo-
Tidia) evdovevy popia RNA povrg éhikag. MNMpwtoava-
kaAi@OnKkav to 1993, péow tng mapatienong ot popio
RNA pe 22 voukAeotidia eivar amapaftnto yia 1o owotd
ouyxpoviapd g HetepPpuikig avdmuéng tg Caenor
habditis elegans (Fire kai ouv. 1998, Ni kai ouv. 2014).
Ta microRNAs emmnpedlouv TOMEG kal SIAQopEeS KUT-
TAPIKEG ASITOUPYIEG HEOW KATACTOAAG TNG HETAYPAPHG
Kkal/fj avaotoAig NG petdppaong evog peydhou apibuol
yovidiwv Katd tn Sidpkeia TG PUOIOAOYIKAG avdarrtugng
kar maBoAoyikwv amokpioewv (Brandi kar ouv. 2010).
Méxpi orjpepa mdvw and 1000 miRNAs éxouv kataypa-
oei. Or gpeuvntég motelouv 6T autd pubuiCouv avw
ané to 50% twv avBpwmmvwy yovidiwy TTou KwdIKoTol-
ouv mpwrtelveg. KdBe miRNA éxel tn duvatdtnta va pub-
HiCel TOMA yovidia-otéxoug. ‘Exer pavel du n miRNA
ékppaon petaBaMetal oe moMég maboloyikég kataotd-
ogIg, oG o Kapkivog (Garzon kai ouv. 2009).

O kapkivog g yAwooag amd mAakwdeg embANio divel
ouxvd Petaotdoelg Kar eivar 1diaftepa dindnuikde. INpo-
Kelpévou va BeAtwBel n emPiwon twv acBevayv, Ba Tpé-
el va emteuxOef pia kahdtepn katavonon tng cupmepl-
@opdG Tou dykou, kGt TTou Ba propouaoe va SIeUKOAUVE
v pwidn Sidyvwon tou kapkivou. ‘Omwg kar oe dMeg
HOPPEG KapKivou, £T01 KAl 0€ AUTOV NG YAWOOAg OUp-
Bafvouv moAuenimedeg kal Suvapikég PETaBOAEG OTo yo-
vidiwpa. Qotdoo, PExpl TWPA, N €peuva OTovV KApKivo
NG YADOoOoag eviomiCetal Kupiwg ota yovidia mou kwdi-
KoTToloUV TPWTElVEG, Pe AMOTEAECUA OI YWWOEIG PAg
6oov agopd TG PETAPoAéC Twv yovidiwy Tou dev Kwdi-
KOTTOIOUV TTPWTEIVEG Va efval TTEPIOPIOHEVEG, ZKOTIOC TNG
€peuvdg pag eivar va mpoodiopicoupe tn diapoporoi-
non NG ékppaong Twv MiRNAs peta&l tou kapkivou
MG YMAwooag and mAakwdeg emBANIO Kal Twv TIapakel-
HEVWY QUCIONOYIKQV I0TQV.

YAIKA KAl ME©OAOI

Aeiyuata aoBevav. 2uvehéynoav Celyn Selypdtwv amd
Kapkivo Tou owpatog NG YA\wooag Kal apakeiuevou
@uololoyikoU otoU amd |12 acBevelg, ol omoiol epgpavi-

[MapaokeudmouAog K. kar ouv./Paraskevopoulos K. et al.

INTRODUCTION

Squamous cell carcinoma of the tongue (TSCC) is the
most frequent type of oral squamous cell carcinoma
(OSCC), and represents the sixth most frequent solid
cancer around the world (Parkin et al 2005, Jemal et al
2007). TSCC is an aggressive malignancy with a propen-
sity for rapid local invasion and metastatic spread
(Franceschi et al 1993, Polanska et al 2014). Previous
studies have demonstrated that cancers of the tongue
are biologically and epidemiologically distinct from other
tumors of the oral cavity. The understanding of gene net-
work and microRNA regulation would be helpful in im-
proving prevention, diagnosis and therapy of the disease.
MicroRNAs are a group of endogenous, non-coding, |8-
24 nucleotide length single-strand RNA molecules. They
were first identified, in 1993, through the observation that
a 22-nucleotide RNA is required for the appropriate tim-
ing of post-embryonic development of Caenorhabditis el-
egans (Fire et al 1998, Ni et al 2014). MicroRNAs influ-
ence many diverse biological functions through the re-
pression of the transcription and/or inhibition of the trans-
lation of a large number of genes during normal develop-
ment and pathological responses (Brandi et al 2010).
To date, over 1000 miRNAs have been recorded. The
investigators believe that they regulate more than 50%
of human protein coding genes. Each miRNA has the po-
tential to regulate many target genes. It has been shown
that miIRNA expression profiles change in several patho-
logical conditions, such as cancer (Garzon et al 2009).
Tongue squamous cell carcinoma (TSCC) exhibits fre-
quent invasion and metastasis. In order to improve pa-
tients' survival, a better understanding of tumor behavior
is required. This could make possible the early detection
of aggressive tumors. In TSCC, as in other human can-
cers, multi-step dynamic changes in the genome occur.
However, since now, the investigation on TSCC has
mainly focused on protein-coding genes, so that our
knowledge on the alterations of the non-protein coding
genes in TSCC is limited.

The purpose of this study is to identify the differential
mIRNA expression between squamous cell carcinoma
of the tongue and the adjacent normal tissues.

MATERIALS AND METHODS

Patient samples. Pairs of primary tongue carcinomas lo-
cated at the anterior (body) of the tongue and adjacent
normal tissues were obtained from |2 patients, who
were admitted to the Department of Oral and Maxillo-
facial Surgery of the “Theagenion” Cancer Hospital and
the “G. Papanikolaou” General Hospital of Thessaloniki
between April 2010 and May 201 I. None of the patients
of our study received radiotherapy or chemotherapy or
any other treatment before the operation. Before tissue
collection, all patients signed the written consent of tissue
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otnKav otnv 2topatky kai MvaBompoowikr) Xeipoup-
vk KAivikr) tou ANO «OQeayéveio» kai tou TNO «T.
[MamavikoAdouy petagu Ampidiou tou 2010 kar Maiou
tou 201 |. Kavévag amd toug aoBeveig autoulg dev éape
akuvoBepaneia f xnueioBepareia | omoiadrmote dMn
Bepareia mpoeyxeipnuikd. [Mpiv T culMoyr| Twv deypd-
Twv Aol ol acBeveic uméypagav €yypapn ouykatdbeon
Swpeds 1I0TWV yIa epeUVNTIKOUG AGYOoUG. To TTPWTOKOMO
eykpiBnke amd tnv Emtporr) HBikrg tou ApiototeAeiou
[Navemotnuiou @ecoahovikng, EMGda.

2uMoyr kar opoyevoroinon twy deryudtwv. Ta Sefypata mmou
eMjgpBnoav katayuxOnkav oe RNA-later yia 24 wpeg
otoug 4-8°C kai amobnkeutnkav otoug -80°C péxpl v
opoyevorioinan.

Eaywyrj RNA. H amopdvwon tou RNA €yive olppwva
pe To mpwtdkoMo tou miRNEasy Mini Kit tng Qiagen.
O oxnuatopdg cODNA amd wpiga miRNAs éyive oup-
Qwva pe to mpwtdkoMo tou miscript Il RT kit tou miS-
cript PCR System tng Qiagen xpnoiporoidviag Reverse
Transcriptase PCR.

gREAL Time PCR. gReal Time PCR yia ta miRNAs &ievep-
yrBnke xpnoipomoiwvtag miScript miRNA PCR Arrays
(MIHS-102ZC, Qiagen) kai miScript SYBR Green PCR kit
kai Real Time PCR ABI 7500 fast machine. Or ouvBrikeg
g avtidpaong rjtav 95°C yia |5 Aermtd, akohouBoupeveg
amné 40 kukhoug PCR otoug 94°C via |5 deutepdierma,
55°C yia 30 deutepdermta kar 70°C yia 34 Seutepdierma.
Akohoubnoe n melting curve avduon.

gReal Time PCR avdAuon yia ta miRNAs. H avdiuon twv
aroteAecpdtwy devepyriOnke olppwva pe to diadiktua-
ko6 pdypappa miScript mRNA PCR Array Data Analysis
G SABiosciences, To omoio BaciCetar otnv MOoOTIKY pE-
8050 2744 e yovidia avapopde ta SNI (SNORDé6 1),
SN2 (SNORD#68), SN4 (SNORD95), SN5 (SNORD96A)
(miScript PCR Controls for Normalization).

ANMOTEAEXMATA

MIRNA microarray €yive oe |2 Celyn delypdtwy KapKi-
vou yhwooag amd makwdeg embriAio og avtmapdBeon
HE TOUG QVTIOTOIXOUG TIAPAKEIUEVOUG QUTIOAOYIKOUG
10ToUG, Je okoTd va avaAlooupe TNV OIAQOPETIK| €K-
@paon twv wplgwv MiRNAs (Mivakag 1). To defypa 9Ca
9N Sev to oupmepIAdBape otnv avdluon yiati dev TTAn-
pouoe v mpolmndéBeon: mean miRTC (RT Control) -
mean PPC (PCR Control) <7. >nuavukr diagopd otnv
ékppaon mapatnerbnke o 29 miRNAs peta&l puoio-
AoyikoU kai raBoAoyikou 16ToU. XpnoldoToiwvtag Tov
dimAaciacpo g ékppaong we oplo, mpoadiopioape 23
mMIRNAs pe uriepékppaon kai 6 pe xaunAdtepn ékepa-
on (Mivakeg 2 kar 3). MmopoUpe va mapatneriooupe Ot
uridpxouv opicpéva mIRNAs mou epgaviCouv agloon-
HelwTn UTTEPEKPPAnT 0Ta KAPKIVIKG KUTTapd o€ OXEoN
e Ta pualohoyikd, omwg | 96a-5p (37,45), 142-5p (5,94),
96-5p (6,14), 21-5p (5,46), 301a-3p (7,22), 7-5p (4,02)
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donation for research purposes. The protocol was ap-
proved by the Ethics Committee of Aristotle University
of Thessaloniki, Greece.

Collection and homogenization of the samples. Surgical
specimens of the resected tumors were collected, and
lumps of tumors as well as adjacent normal tissues, were
frozen in RNA-later for 24 hours at 4-8°C and stored at
-80°C until homogenization.

RNA extraction. Isolation of the RNA was performed ac-
cording to the protocol of miRNEasy Mini Kit of Qiagen.
The formation of cDNA of mature miRNAs was per-
formed according to the protocol of miscript Il RT kit of
miScript PCR System of Qiagen using Reverse Transcrip-
tase PCR.

gREAL Time PCR. gReal Time PCR for miRNAs was per-
formed using miScript miRNA PCR Arrays (MIHS-
102ZC, Qiagen) and miScript SYBR Green PCR kit and
Real Time PCR ABI 7500 fast machine. The reaction con-
ditions were 95°C for |5 min, followed by 40 cycles of
PCR at 94°C for 15 sec, 55°C for 30 sec and 70°C for
34 sec. Then melting curve analysis was done.

gReal Time PCR analysis for miRNAs. Result analysis was
performed according to the online program miScript
miRNA PCR Array Data Analysis of SABiosciences which
is based on quantitative method 2724, using reference
genes SNI (SNORDé61), SN2 (SNORD68), SN4
(SNORD95), SN5 (SNORD96A) (miScript PCR Con-
trols for Normalization).

RESULTS

MIRNA microarray was done in |2 paired samples of
TSCC versus matched tongue tissues, in order to an-
alyze differential expression of mature miRNAs (Table
1. Sample 9Ca 9N was not included in the analysis be-
cause it did not fulfill the requirement: mean miRTC
(RT Control) - mean PPC (PCR Control) <7. A
marked difference in expression was observed in 29
miRNAs between TSCC and normal tongue tissues.
Using 2-fold expression difference as a cutoff level, we
identified 23 up-regulated miRNAs and 6 down-regu-
lated (Tables 2, 3). We can observe from the results
that there are some miRNAs that show a remarkable
overexpression in tumor cells compared to matched
normal cells such as 196a-5p (37,45), 142-5p (5,94),
96-5p (6,14), 21-5p (5/46), 301a-3p (7,22), 7-5p (4,02)
and 18a-5p (4,7). On the other side 5 miRNAs were sig-
nificantly under expressed in tumor cells. These miRNAs
are 133b (-6,82), 122-5p (-4,25), 378-3p (-4,21), 206 (-
13,69), | (-28,29).

Table | shows clinicopathological variables including gen-
der, age, T-stage, survival and recurrence. Tables 2 and
3 show the list of genes that are upregulated or down-
regulated in tongue cancer according to our data as well
as the magnitude of the fold regulation. Median overall



52 Mapaokeuémoudog K. kar ouv./Paraskevopoulos K. et al.

kar 18a-5p (4,7). Ané tnv dMn, 5 miRNAs eixav onpav- Mivakag 1

KA Pelwpévn €kppaon ota Kapkivikd kittapa. Autd ei- KAVIKOTIABOAOYIKES UETARBANTEG
vaita 133b (-6,82), 122-5p (-4,25), 378-3p (-4,21), 206

(13,69, | (:2829). Asiyua ®uho Hhikia T-otddi0 Empiwon Yrotponn
>tov lMivaka | epgaviCoval khivikoriaBoloyikég peta- 4 OnAu 58 T1 25 Urveg 14 urjveg
BAntéc oupmepihapBavopévwy Tou @ulou, TG nhikia, 5 Appev 37 T2 24 priveg 10 prjveq
Tou otadiou T, TG eMPBiwonc Kal TG UIOTPOTIHG. 2TOUG 6 S\ 2 T2 5 urveg 3 prveg
Mivakeg 2 kai 3 @alvetal n Niota twv yovidiwy pe ure- 9 Onu 57 T2 Ev G 35 pryveg
péKpEaon Kal eIwuévn ékPPacn oTov Kapkivo Tng 10 S 64 T2 5 prveg Oxt
YAOOoaG olppwva pe ta Sedopéva pag, Gmwg Kai o pé- 12 Appev 59 12 Ev o Ox
yeboc g puBuionc. O péoog dpog emBiwong Twv 16 Sult 64 n Ev o Ox
aoBevav ftav 42,25 prvec (Kaplan-Meyer) émwg gaive- 17 Appev a7 T Ev N Ox
a1 ot Eikéva | 20 Ap’psv 77 T2 2 ur']vs/q 'O)/(l
Mmopoupe va mapatnericoupe oto clustergram (Eikéva <2 GY)AU o u = Z{‘Dﬂ 2y HTVES
2) 61 oty aoBevr «b» epaviotnke TTOAU SIAQOPETIKY 2 @r}AU = UL £5 pnvsjq 27Iur]vsq
, . , . . 29 OnAu 71 T2 Ev Con Oxt
ékppaon MIRNA peta&y KapKIVIKOV Kal QUCIOAOYIKWY
kuttdpwv. H aoBeviic empPiwoe povo yia 5 prjveg petd
10 xelpoupveio. H acBevric «4» eixe umepékppaon dia- Table 1
ebpwv MIRNAs ota kittapa tou kapkivou. Or acBeveic Clinicopathological variables
«5» kar «20», o1 omofor eixav xapnA empPiwon, dev ep- Sample Gender re T-stage Survival Recurrence
@dvioav 1diaitepn diagopd oty ékppacn. O acBevrg,
SpwG, «12» evay eixe pia eviehdc Slagopetiki ) MIRNA 4 Female 53 I 25months | 14 months
€kppaar Petal maboloyIKdV Kal QUOIOAOYIKGV KUTTd- 5 Male 37 12 24 months | 10 months
pwv, mapapével ev {wrj xwpic umotpory f petdotaon, 6 Female 72 12 5 months 3 months
Qotdoo, e dedopévo Tov pikpd apiBpd acbeviv TG 9 Female 57 2 Alive 35 months
eétNG eival Slokoho va eEaydyoupe oTaTioTKG onuav- 10 Female 64 T2 5 months No
TIKG aTTOTEAECHATA YIa TNV EMIOEAON OUYKEKPIPEVNG MIR- 12 F’e\z/lr::e 23 ﬁ ﬁ:xg sg
NA &icppaonc oty empiwon. 17 Male 47 T1 Alive No
20 Male 77 T2 2 months No
2YZHTHZH 22 Female 50 T1 Alive 27 months
Ta miRNAs oaivetal éu eAéyxouv v ékppaon Tepio- 26 Female o4 n 36 mpnths 27 months
29 Female 71 T2 Alive No

OCOTEPWV AT TO €va TPITo TV YovISiwV TToU KwdIKOTTON-
oUv Tpwteiveg oto avBpwmvo yovidiwpa. H pubpion
oupPaivel og petapetaypa@ikd emimedo Péow olvoeong
0€ OUYKeKpIpEveG alMnhouxiec oto mRNA otdxo Baol-
OMéVN OTNV «aTteAr| CUPTANPWHATIKOTNTA». Adyw autoy,
KdBe popio mIRNA duvnukd pmopel va pubuicer exa-
Tovtddeg yovidia. Emopévwg, petatporr) twv miRNAs
avapéveral oe acBéveieg, MW o Kapkivog, ol oTToieg
oxetiCovtal pe diatapaypévn yovidiakr ékppaon. Exel
mipotaBel 6t n mIRNA petafoir) Ba pmopoloe va mpo-
KaAéoel kapkivoyéveon. Eival meplopiopéveg ol mAnpo-
QOpieG OXeTKA pe TNV dIATApaAypévn €KPPAcn twv
miRNAs otov kapkivo TG yAwooag amd mAakwdeg -
Orihio. Metd tov Eheyxo 96 miRNAs otov kapkivo g tumor and normal cells, but is still alive without recur-
YAOOAG Kal ToV TTAPAKEILIEVO QUOIOAOYIKS 10T6, TTPOO- rence or metastasis. However, as the population of the
Sioploape pia opdda miRNAs pe diatapaypévn ékppa- study is relatively small, it is difficult to draw statistical sig-
on. Apketd miRNAs ot pehétn pag eppavioav ugnin nificant conclusion for the effect of specific mMIRNA ex-
| xapnAi éxepaon (Mivakeg 2 kar 3). ©a aroguyoupe pressions on survival.

va avalliooupe oAdkAnpn T AMota, aMd Ba eotidooupe

o€ autd TTou eixav TEPIcodTEPEG and 5 popeg diapopd

otnv ékppaon), kabwg eivar mo mbavd va eivai mo on- DISCUSSION

HaVTIKG yIa TN CUYKEKPIPEVN KakorBeia. MiRNAs seem to control the expression of more than

survival for the population was 42.25 months (Kaplan-
Meyer) as is shown in Figure |.

We can observe by clustergram (Figure 2) that patient
“6" had a very different miRNA expression between
tumor and normal cells; she survived only for 5 months
after surgery. Patient “4” had an overexpression of dif-
ferent mIRNAs in tumor cells in comparison with
matched normal cells. Patients “5" and “20" who did not
survive for a long time showed no remarkable difference
in MIRNA expression. On the other hand patient “12"
had a completely different miRNA expression between
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Eikéva 1/Figure 1

2 uvoNik emBiwon acBeviv peétng. Méoog dpog empPiwong 42,25 prives.
Overall survival for the study population. Median OS was 42.25 months.
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Eikéva 2/Figure 2

Clustergram twv miRNASs mou urmo- Kai UiepekpPAcTnKay oTov KApKIVIKO
I0TO O€ OXEON HE TOV TTAPAKEIUEVO PUTIONOYIKO I0TO.

Clustergram of miRNAs that were under and overexpressed in cancer
samples vs adjacent normal tissues.

Micro-RNAs pe umrepéxppaon

OTOoV KapKivo TG YAwoodg

To miR-196a eival avuianomwukdg mapdyovtag Kai TaiCel
Kpiolpo poho atnv yovidiakr] pUBUIoH, TV AEXITEKTOVIKT
TOU TUprva Kkai T d€opeuon aoPeatiou. ZToxeUel TV an-
nexin-Al, évav pecoAaPntr g andmmwong Kal avaoto-
Aéa tou kuttapikoU oMamiaciacpoy (Luthra kar ouv.
2008), to HOXB8 kar HMGA?2 kar ouoxetiCetal 1oxupd
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one-third of the protein-coding genes in the human
genome. The regulation occurs at post-transcriptional
level by binding to specific sequences in the target
mRNA molecules based on ‘imperfect complementarity'.
Because of this each miRNA can potentially regulate hun-
dreds of genes. Thus, miRNA alteration is expected to
be found in diseases, such as cancers, which are ascribed
to dysregulated gene expression. It has been suggested
that miRNA alteration could initiate carcinogenesis.
There is limited information on aberrantly expressed
miRNAs in tongue SCC. After screening 96 miRNAs in
tumor and normal cells, we identified a panel of aber-
rantly expressed miRNAs. Several miRNAs have been
shown in our study to be up- or down-regulated in
tongue cancer as compared to adjacent normal tissue
(tables 2 and 3). We will avoid discussing the entire list
but we will emphasize the ones with more than a 5-fold
difference in expression, as they are ones more likely to
be important for the specific malignancy.

Micro-RNAs up-regulated

in tongue cancer

MiR-196a is an antiapoptotic agent and performs critical
roles such as gene regulation, nuclear architecture and
calcium binding. It targets annexin-Al, a mediator of
apoptosis and inhibitor of cell proliferation (Luthra et al
2008), HOXB8 and HMGA?2, and it has strongly been
associated with several cancers (Chen et al 201 I). In the
present study MiR-196a was highly overexpressed un-
derlining some important role in the pathogenesis of
tongue cancer, probably through its antiapoptotic effects.
Further studies are needed to explore the role of MiR-
[96a deregulation in this malignancy.

[t has been suggested in previous studies that miR-142-
5p is involved in many pathways of cancer, such as cell
cycle, focal adhesion, MAPK; transforming growth factor-
b (TGF-B), Wnt, vascular endothelial growth factor
(VEGF), and notch pathway (Zhang X et al 2011). As it
is regulating cell-cycle genes in squamous lung cancer (Su
et al 2013), it may be involved in the same way in tongue
cancer. Our results are in concert with those studies,
showing a 6-fold overexpression of miR-142-5p in
tongue cancer compared to normal tissue.

MiR-96 is targeting the forkhead box protein Ol
(FOXOI), an important tumor-suppressor that is in-
volved in the regulation of cellular proliferation, differen-
tiation, cell cycle progression and apoptosis (Zhang Y et
al 2011, Santhi et al 2013). It has been linked to several
cancers, as bladder (Guo et al 2012), prostate (Hafli-
daddttir et al 2013), breast (Zhang | et al 2014) and col-
orectal cancer (Ress et al 2015). In our dataset, miR-96
was the second most highly upregulated micro-RNA,
emphasizing its importance in the pathogenesis of oral
cavity cancers as well. To our knowledge, this is the first
report on that, which links miR-96 with tongue cancer.
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pe S1dpopeg pop@ég kapkivou (Chen kar ouv. 201 1). 2t
HEAETN pag to MiR-196a eixe pia oG uPnAr| €kppaon
urtodeikviovtag KAmolo onpavtikd pdAo otnv riaboyéve-
on Tou Kapkivou NG yAwooag, mBavdtata péow g av-
Tanomwtkig tou dpdong. MNepartépw €psuva sival ava-
yKaia yia va dieukpiviotel 0 pOAOG ToU OE autr| TN VAoo.
2 € TIPONYOUHEVEG HENETEG eixe TipoTabel &t to miR-142-
5p epmAéketal oe MOAA kapkivikd povordua dmwe o
KUTTApIKOG KUKAOG, N eotiakr pookoMnon, MAPK, o
auénukdg mapdyovtag petaoxnuatiopou-b (TGF-B),
Whnit, ayyeiakdg evdobnhiakde au€nuikdg mapdyoviag
(VEGF) kai povomdu notch (Zhang X kar ouv. 201 1. Ka-
B¢ pubpiCer Ta yovidia tou kuttapikoU KUKAoU oTov
Kapkivo tou Tvedpova amd makwdn kuttapa (Su kai
ouv. 2013), Ba pmopouoe va epmiéketal Pe tov id1o Tpd-
TTO KAl OToV Kapkivo NG yAwooag. Ta anotehéopatd pag
efval oe oUPEWVIa PE TIG OUYKEKPINEVES HENETEG, Oei-
XVOVTag pia avénon g ékepaong katd 6 @opEg Tou
miR-142-5p otov kapkivo NG yA\wooag oe oUykpion pe
TOV PUCIOAOYIKS 10TO.

To MiR-96 éxel wg otdxo v forkhead box protein O
(FOXOI), évav onuavtiké oykokataotoAéa Tou TaiCel
pdAo otn pUbuIon Tou Kuttapikol moAamAaciacpoy,
g Siagoporioinong, Ty MPoodo Tou KUTtapikoy KU-
Khou Kkai tnv amdmwon (Zhang Y kar ouv. 201 |, Santhi
kar ouv. 2013). "Exel eviomotel oe MTOMEG HOP@ES Kap-
Kivou Omwg tng oupododxou kiotewg (Guo kar ouv.
2012), Tou mpootdtn (Haflidadéttir kar ouv. 2013), tou
paotou (Zhang J kai ouv. 2014) kai Tou TTax€og eviépou
(Ress kar ouv. 2015). 2ta bikd pag amoteAéopata to
miR-96 rtav to deltepo pe TV uPnAdtepn ékppaocn &f-
VOVTAg €(aon otn onuaoia tou otnv maboyéveon tou
KapKivou NG otopatiki¢ KOINGTNTAG. 2Upgwva pe ta
éw¢ Twpa dedopéva, elval n mEWTN avapopd epMAOKAG
Tou miR-96 otov kapkivo g yA\wooac.

To miR-21 eivar avuanomwtikdg mapdyovtag Kai oto-
xelel oykokataotahtikd yovidia, TPMI (tropomyosin
) kar PTEN (phosphatase and tensin homolog)
(Zhang JG kai ouv. 2010). MNponyoUpeveg avagopEq
¢dei€av &t to miR-2 1 umepexppdletal og TOAMOUG GA-
Aoug oupmayeig dykoug Kkal oxeTiCetal e v eEdmiw-
on tou kapkivou. AtEnon tou miR-21 ocupPdier otnv
avdmtugn tou yAoloPAactwpatog (Chan JA kar ouv.
2005) kar Tou nmatokuttapikoy kapkivou (Meng ka
ouv. 2007). Emmpdobeta, mpodyel T oykoyeveon oto
paoto péow evepyoroinong tou Bcl-2 (Si ML kar ouv.
2007) kar oxetiCetal pe augnuévo otddio kapkivou,
AeHPadeVIKEG PHETAOTAOEIG Kal TTTwXT] TPOYVWaon oTov
Kapkivo tou paotou (Yan kai ouv. 2008). To miR-21
Ba propoloe va anotehéoel évav peMovtikd Biodeikn
yia Tov mpwtonabry kapkivo Tou pactou (Si H kai ouv.
2013). Emiong, unepékppacn tou miR-21 atov koAikd
Kapkivo utrodnAwver Ttwxr| empinon kar Beparmeutikd
arotéAeopa (Schetter kar ouv. 2008). Akdun, to miR-
21 éxel mpotabel wg aveEdPTNTOG MPOYVWOTIKOG TTa-

[MapaokeudmouAog K. kar ouv./Paraskevopoulos K. et al.

Mivakag 2/Table 2
ovidla Tou uttepekPpPATTNKaV
otov kapkivo mg yYAwooag (TSCC)

Genes Over-Expressed in SCC of tongue

Ogan/ Qpipa ID/ Mégye8og PuBpiong/
Position Mature ID Fold Regulation
A04 hsa-miR-20b-5p 2,319
AO6 hsa-miR-196a-5p 37,4475
A08 hsa-miR-142-5p 5,9427
A09 hsa-miR-96-5p 6,1369
A10 hsa-miR-222-3p 2,7501
B0O3 hsa-miR-15a-5p 2,6233
B06 hsa-miR-205-5p 3,1396
B10 hsa-miR-20a-5p 25727
B11 hsa-miR-146b-5p 2,9729
B12 hsa-miR-132-3p 2,4105
Co2 hsa-miR-183-5p 3,0031
Co03 hsa-miR-34c-5p 4,0695
Co8 hsa-miR-138-5p 2,0005
D03 hsa-miR-135b-5p 3,8328
D06 hsa-miR-21-5p 5,4622
D08 hsa-miR-301a-3p 7,221
E05 hsa-miR-7-5p 4,0167
FO4 hsa-miR-210 2,2712
FO5 hsa-miR-17-5p 2,535
GO1 hsa-miR-19a-3p 3,708
G03 hsa-miR-18a-5p 47018
Go6 hsa-miR-27a-3p 2,1665
G11 hsa-miR-32-5p 3,5008

Mivakag 3/Table 3
ovidia Tou uTto-ekppdoTnKav
otov kapkivo g yYAwooag (TSCC)

Genes Under-Expressed in SCC of tongue

©éon/ ‘Qpipa ID/ MéyeBog Pubpiong/
Position Mature ID Fold Regulation
A02 hsa-miR-133b -6,8216
A03 hsa-miR-122-5p -4,2532
B04 hsa-miR-378a-3p -4,2135
D04 hsa-miR-206 -13,6859
EO1 hsa-miR-1 -28,2923
Go4 hsa-miR-125b-5p -2,6468

MiR-21 is an antiapoptotic factor and targets tumor-sup-
pressing genes, TPMI (tropomyosin |) and PTEN
(phosphatase and tensin homolog) (Zhang |G et al
2010). Previous reports have shown that miR-21 is
overexpressed in many other solid tumors, and is re-
lated to tumor progression. Increased miR-21 con-
tributes to the development of glioblastomas (Chan JA
et al 2005) and hepatocellular carcinomas (Meng et al
2007). Furthermore, miR-21 promotes breast tumori-
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pdyovtag kar Seiktng Tmwxrg mMedyvVwong oTov Kapki-
VO NG YAwooag amd mAakadeg embrhio (Jinsong Li kai
ouv. 2009). 20pewva pe ta anoteAéopard yag to miR-
21 au€nbnke katd 54 @opég oe oxéon e ToV QUaIO-
Aoyikd 1016, KdTI TTou cuvnyopel oto &t katd doa -
Bavdtnta maiCel kpioigo pdAo oe SIAPOPEG HOPPEG
Kapkivou kar oto ot Ba pmopouce va amoteréoel évav
Beparmeutikd otdxo.

Micro-RNAs pe xapnArj ékgpaon

OTOV KapKivo TG yYAwooag

"Eva and ta miRNAs mou urtogk@pdotnkav otny €pguvd
pag eivar to miR-133b. ‘Exel xapaktnpiotel wg oykoka-
taotahtkd miRNA, kabwg avactéMel tov Kuttapiko
moManiaciacpd, ) petavdoteuon kai tn dirjdnon oto-
xevovtag tov EGFR otov mpootdtn (Tao kar ouv. 2012)
Kkal oto oupoBnhiakd kapkivwpa (Zhou kai cuv. 2013)
kai to povordu cdc42-PAK otov kapkivo Tou otopdxou
(Cheng kai ouv. 2014). 2t pehén pag umoekppdletal
évtova (6,8 popég oe oxéon e ToV UOIONOYIKS 10TO)
kal Ba pmopouoe va maiCel onpavikd pdio oty mabo-
yéveon kai va anoteréoel Bepameutikd epyaieio (Yu H
kai ouv. 2014).

Ta miR-206 and miR-| epmAékovtar oto povordu pen-
tose phosphate (PPP) kai otov kikho tricarboxylic acid
(TCA), emavampoypappatiCovtag 1o JetdfoNiopd g
YAUKOZNG. 20powva pe mpdoeateg épeuveg, Ta miR-206
kar miR-1 puBpifovtar pe peBurinwon kar aketuNiwon
OTOV KAPKIVO Kal n ékepact) Toug eival avtoTpoews
avdhoyn pe tnv ékppaocn tou yovidiou PPP (Singh ka
ouv. 2013). Aappdvovtag umdyv éu ta miR-206 kai
miR-1 katactéMovtar 1Ioxupd otov Kapkivo g yAwo-
0ag, TV emidpaor| toug oto povordu PPP kai v ema-
KOAoubn petaBol oto petaBoAikd povordt, eaivetal
&t eival oAy onpavtikd otnv maboyéveon kai Ba prmo-
pouoav va amoteAécouv Bepameutikd oTdX0 AuTAG TG
emBeTkAg Hop®rig kakorBeiac.

>upmepaopartikd, mpoaodiopioape moAMd miRNAs, twv
oTTolwV 1 €KPPEAc ooV Kapkivo TG yAwooag amoppub-
piCetal kar Ba pmopouoav va maigouv onuaviikd poo
kal otnv maboyévean, aMd kai otn Bepareia tng vooou.
[MNepartépw €heyxoc TG amoppubpiong twv MIRNAs kai
Slepetvnon twv mavwv Asrtoupyikav polwy, Ba rjtav
TIOAU BonBnuikdg otnv katavénan g maboyéveong g
véooU, Je anwtepo okomd T xperion tou MIRNA mpo@ii
yia va mpofBAémoupe v Mpdyvwon twv acBevav e
Kapkivo NG YAwooag amd mAakwdeg embrAio.
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genesis via Bcl-2 up-regulation (Si ML et al 2007), and
correlates with advanced tumor staging, lymph node
metastasis, and poor prognosis in breast cancers (Yan
et al 2008). MiR-21 could act as a novel biomarker for
primary breast cancer (Si H et al 2013). In addition, miR-
21 overexpression in colon carcinomas indicates poor
survival and poor therapeutic outcome (Schetter et al
2008). Furthermore, miR-21 is suggested to be an inde-
pendent prognostic factor and a poor prognosis indica-
tor in tongue squamous cell carcinomas (Jinsong Li et al
2009). We found that miR-2| was upregulated 5.4 times
compared to normal tissue, adding to the observations
that it plays crucial role in several cancers, and could be-
come a possible therapeutic target.

Micro-RNAs down-regulated

in tongue cancer

One of the underexpressed miRNAs is miR-133b. It is
reported as a tumor-suppressor mIRNA as it inhibits cell
proliferation, migration and invasion by targeting EGFR
in prostate (Tao et al 2012) and urothelial cancer (Zhou
et al 2013), and it targets the cdc42-PAK pathway in gas-
tric cancer as well (Cheng et al 2014). It is strongly un-
derexpressed in our study (x 6.8 times from normal tis-
sue), and therefore it is probably important in pathogen-
esis and could be a potential tool for therapeutics (Yu H
etal 2014).

MiR-206 and miR-1 are involved in the pentose phos-
phate pathway (PPP) and the tricarboxylic acid (TCA)
cycle, reprogramming glucose metabolism. According to
recent studies, miR-206 and miR-| promoter is regulated
by methylation and acetylation in cancer, and their ex-
pression is inversely correlated with PPP gene expression
(Singh et al 2013). As the expression of both miR-206
and miR-1 is strongly suppressed in tongue cancer, their
effect in regulating the pentose phosphate pathway and
consequently altering the metabolic pathways, seems to
be important in pathogenesis and could be a target for
treatment in this highly aggressive malignancy.

In conclusion, we identified several miIRNAs that are dys-
regulated in tongue cancer and may play an important
role both in the pathogenesis and treatment of the dis-
ease. Further identification of dysregulated miRNAs and
the clarification of their potential functional roles, would
be helpful in understanding the pathogenesis of this dis-
ease, in order to use the mIRNA expression profile to
predict prognosis of the patients with TSCC.
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