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Abstract

Oncocytic follicular adenomas (FAs) of the thyroid are cells neoplasms of follicular origin that
predominantly consist of large polygonal cells with eosinophilic and granular cytoplasm. According to
some scientific studies, TP73 might play a certain role in tumor genesis (oncogenesis). Moreover, due
to the absence of p53, oncogenes may attract p73 to induce apoptosis in tumor cells. TP53 is a crucial
tumor suppressor in preventing the cancerous transformation of cells. There was also a particular focus
on the amplification of 1p36 chromosome in oncocytic FA, which contains a tumor nidus of TP73
protein, which is a member of the p53 family, involved as a factor of the cancerous tumor development.

The aim: To evaluate the extent of the genomic instability in oncocytic follicular adenoma of the
thyroid.

Materials and Methods: Twenty-four surgically resected formalin-fixed, paraffin-embedded (FFPE)
thyroid tumors, including 12 oncocytic and 12 normal FAs, were available for the current study. As it was
a retrospective research with minimal risk to the participants, informing patients and taking their consent
was not necessary. The study was authorized by the ethics committee of the Biomedical Sciences High
School of Nagasaki University (protocol No. 15062617) and permitted by the ethics committee of the
State Medical University, Semey (Protocol No. 5, December 15, 2015). The study of archival data of
patients with follicular adenoma of the thyroid was conducted between 2014 and 2016 in the department
of pathomorphology and cytochemistry of the "Regional Oncology Center" (Semey city, Kazakhstan)
and in the scientific laboratory of the Nagasaki University (Japan).

For processing of the research results were used the Mann-Whitney-U test, the exact Fisher
measure, Pearson's correlation analysis. The calculation was made with a help of SAS software
(version 8:2, SAS Institute, Cary, NC, USA). All tests were unilateral and p < 0,05 was considered to be
statistically true measure.

Results: Patients with oncocytic follicular adenoma were older than with normal follicular adenoma
(p = 0.03) and there was no statistically significant difference in tumor size. The study showed, that the
frequency of unstable expression of 53BP1 was vastly higher in the oncocytic follicular adenoma than in
the usual one (p = 0.0028). Our work demonstrated that the level of TP73 immunoreactivity was greatly
higher in oncocytic than in normal FA (p=0,0001). We have found a significant positive correlation (r =
0.5983, p = 0.0020) between the percentage of tumour cells expressing unstable type of 53BP1 and the
percentage of cells being positive for TP73 expression in oncocytic FA.

Conclusion: It is important to note that we have found a significant positive correlation between the
percentage of tumour cells expressing unstable type of 53BP1 and the percentage of cells being
positive for TP73 expression in oncocytic follicular adenoma. All these data indicate that the oncocytic
follicular adenoma demonstrates an elevated level of TP73 protein, which correlates with the
appearance of a DNA double strand break.
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Pesiome

MMMYHOIMMCTOXMMUYECKUU AHAIIN3 3KCMNMPECCUM
TP73 NPU OHKOLUMUTAPHOM ®OJINIUKYNAPHOU AQBEHOME
ILIMTOBUAHOM XXENE3bl

XanHna Y. Ko3sbikeHoBa, http://orcid.org/0000-0001-7420-2279
FocypapcTBeHHbIN MeaULMHCKUA YHUBepcuTeT ropoaa Cemen, r. Cemen, KasaxcraH

BeegeHue. OdkouuTtapHas ONnUKYNspHas afeHoMa  LUMTOBMAHOW  Kenesbl  SBRseTcs
HOBOOOpa3oBaHNEM KIETOK (PONMMKYNSPHOrO MPOUCXOXOEHNS, NPEUMYLLECTBEHHO COCTOALMX U3
KPYMHbIX MOSIUTOHAMBHBIX KIETOK C 303MHOMUIMBHOM 3EPHUCTON LMTONNasMon. Hekotopble daHHble
CBUAETENLCTBYIOT O TOM, YTO TP73 MOXET urpaTb onpeserieHHyto posib B OHKoreHese. Kpome Toro, npu
OTCYTCTBMM P53, OHKOTEHbI MOrYT npuBnekatb p73, 4yToObl MHAYUMPOBATb aronTo3 B OMyXOMEBbIX
knetkax. TP53 sBnsieTCs peLlatoLmm cynpeccopoM Onyxonu Ans npesoTBpaLieHns 3r10KkaqyeCcTBEHHON
TpaHcdopmaLmmn KneTok. Takke 0coboe BHUMaHWe ObINo yAeneHo Ha ycuneHue XpoMocombl 1p36 B
OHKOLMTAPHOW (hONMMKYNAPHOA afeHOME, KOTopasi COAEPXUT ovaru Ans onyxonu benka 73, kak YacTb
ceMeincTBa p53, BOBIEYEHOrO B Ka4ecTBe (hakTopa B pa3BUTUN 3MOKAYECTBEHHbBIX ONYXOMeNn.

Llenb: OueHuTb cTeneHb reHOMHOWM HECTaBUBHOCTY NPK OHKOLMTApPHON (OONNUKYNSPHON ageHoMe
LMTOBUAHOW Xenesbl.

Matepuanbl U Metoabl: [U3aiiH - peTpOCNEKTUBHOE Hay4yHOe uccrepoBaHue. [ns JOCTUXEHUS
nocTaBneHHoM uenu 6binu uccnegoBaHbl 24 obpasua TKaHWM OMyXOnu LWTOBWAHOW Xenesbl, 3
KoTopbIX 12 OHKOUMTapHbIX M 12 0Bbl4HBbIX  (PONAUKYNAPHBIX af4EeHOM, MOMYyYeHHbIX NyTeM
XVPYPrU4ECKON pesekumm, (hMKCUpoBaHHbIe (POPManHOM, 3anuTbIX B napaduH.

Ha npoBegeHvne uccnegoBaHust Obino NOMYYEHO paspelleHne 3TUYECKOro komuTeTa Boiclien
WwKonbl GMOMeanUMHCKUX Hayk yHuBepcuteta Haracaku (npotokon Ne15062617) u paspelueHve
9TMYeckoro komuteTa [ocygapCTBEHHOrO MeanLMHCKOro yHuBepcuteta ropoga Cemen (npotokon Neb
oT 15.12.2015r). WccnegoBaHne apxvBHbIX AaHHLIX NAUMEHTOB C  DONMMKYMNSPHOM aLeHOMON
LUMTOBUAHOM xenesbl nposoaunocs B nepuog ¢ 2014 no 2016 roabl B 0TAENEHUM NATOMOPONOrN
untoxummum KI'KIM «PervoHanbHbin OHkonoruyeckuin gucnancep r. Cemen» (KasaxctaH) U B HayyHON
nabopatopun YHueepcuteTa Haracaku (AnoHus).

[ns o6paboTkn pe3ynbTaToB MCCRefoBaHWs Obinv mpUMeHeHbl TecT MaHHa-YUTHU, TOYHbIN
Kputepun duiiepa, KOppensUMoHHbIN aHamu3 MupcoHa. [na pacyeToB MCMNOMb30BanM NporpamMHoe
obecneyeHne SAS (Bepcusi 8.2; SAS Institute, Cary, NC, USA). Bce TecTbl 6binm 0GHOCTOPOHHUMM W
3HayeHue p <0,05 cumTanoch CTaTUCTUYECKN 3HAYUMBIM.

PesynbTatbl uccnegoBaHus: [MauMeHTbl C OHKOLMTAPHOM (HONMMKYNSPHON ageHOMOn Obinm
cTaplle, naumeHToB ¢ 06bIMHOW chonnukynspHoin ageHomon (p = 0,03). Cratuctudyecku He 6Obino
[OCTOBEPHbIX PasnuuMin B pasmepax onyxonu. Yacrtora HectabunbHoi akcnpeccun 53BP1 6bina
3HaYNTENbHO BbILLE B OHKOLMTApPHOM (hOnnuKynspHoi ageHome, YyeM B 06bluHon (p = 0,0028). Hawa
paboTa nokasana, 4to ypoBeHb TP73 UMMYyHOPEeaKTUBHOCTY BbiN 3HAYUTENBHO BbILIE B OHKOLMTAPHOM,
yeM B 06bIuHOM chonnukynsapHoi ageHome (p = 0,0001). Mbl 06HapyXunu 3Ha4nMyH0 NOMOXUTENbHYHO
koppenaumo  (r=0,5983, p=0,0020) wmexgy nPOLEHTOM OnyXOneBbIX KMETOK, B HeCTaburbHOM
akcnpeccun 53BP1 W MpoUEHT KNeTok, MO3WUTWMBHLIX Ans aKcrnpeccun TP73 B OHKOUMTapHOM
ONUKYNSPHON afeHoMe.

BbiBoabl: BaxHO OTMETUTb, YTO Mbl HAWIM 3HAYUMYHD MOMOXUTENBHYID KOPPensauuo Mexay
NMPOLIEHTOM OMyXOMeBbIX KMNETOK, 3KCMPeccUpyroLwmx HectabunbHbi Tun 53BP1 W npoueHT KneTok,
nosnTuBHbIX Ang TP73 aKkcnpeccum B OHKOLMTApHOW (DOMAMKYNsSpHOA ageHome. Bce 3t AaHHble
yKa3blBalOT Ha TO, YTO OHKOUWMTapHas (HONMMKYNspHas afeHoMa AEeMOHCTPUPYET MOBbILEHHbIN
ypoBeHb TP73 Gernka, 4to KoppenupyeT ¢ BO3HUKHOBEHWEM pa3pbiBa ABOMHON HUTK [IHK.

Knroyeeble cnoea: onyxomu LWMTOBUOHOW Xenesbl, OHKOUWTHI, aKkcrpeccust 53BP1, reHoMmHas
HeCTabunbHOCTb.
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TyXbIpbIM

KANKAHLWA BE3IHIH OHKOLUMTAPIbIK ®ONUKYIINAPIbIK
ICIKTEPI KE3IHAE TP73 3KCINMPECCUACDIHbIH
MMMYHAOLIFMCTOXUMUANDIK TAJNIAAYDI

XKanHa Y. Ko3sbikeHoBa, http://orcid.org/0000-0001-7420-2279
Cemen KanacbiHbIH MemnekeTtik MegnumHa YHuBepcuteTi, Cemen K, KazaxctaH

KankaHwa 6esiHiH, OHKoLMTapblK onnukynapnbl ageHoMack! onnmKynspabl TEKTI xacyluanap
icikTepi, ipi kenbypbILWTbl, 903MHOUMbAI TYRIPLWIKTI LATONNa3Manbl XacylwanapaaH Typaabl. Kenbip
3epTTemenep Aepektepi GombiHWwa TP73 OHKOreHesge MaHbI3fgbl pen aTtkapaTbiHbl  Typanbl
manimettep Genrini. CoHbIMeH KaTap, p53 GonmaraH xafgaiga, icik xacylwanapblHaa anonTo3abl
TyOblpy YLWiH OHKOreHgep p73 KamTybl MyMKiH. TPS53 xacywanapga katepni TpaHCthopmauusHbl
Bongbipmay YLWiH aca MaHpI3abl icikTep cynpeccopbl Gonbin Tabbinagbl. CoHpait-ak, Katepni
ICIKTEpPIHIH AaMyblHa KaTbICTbl (PakTopbl peTiHae, p53 oTbackbliHa xaTaTbiH 73 iCiK aKybI3bl OLlaKTapbl
BonyblHa GainaHbICTbl OHKOUMTAPIbIK ONMMKYNapbl ageHomaga 1p36 XpoMOCOMaHbiH, YAayiHe
epeKLe KeHin aygapbingsi.

Makcatbl: KankaHwa 6esiHiH, OHKOUMTapnblK (ONNMKYNsApNbIK iCiKTepi Ke3iHae reHOMAbIK
TYpaKChI3ablKTbIH 4apexeciH baFanay.

Martepuangap meH apictepi: JKyMbICTbIH, AM3alHi — PETPOCMEKTUBTI FbiibIMA  3EPTTEME.
3epTTeMeHiH, MakcaTbiHa XeTy YLiH XUPYPrUsmblK pesekunsMeH asblHbin, dopmanuHae bekiTinim,
napaguH-eHaipinreH 24 kankaHwa 0e3iHiH iCikTepi, COHbIH iWiHge 12 KapanalbiM xoaHe 12
OHKOUMTaPIbIK (hONAMKYNApsblK afdeHoMa OCbl 3epTTeMe YLLiH Kon xeTimai 6onabl (kankaHwa 6esi
TiHgepi). 3epTTeme oTkidyre Haracaku yHMBEPCMTETIHIH, OMOMEAMUMHANbLIK FbinbIMAapbl KOFapbl
MekTebiHiH (Ne 15062617 xatTama) xaHe CeMel KanacblHblH, MEMIIEKETTIK MEAULMHA YHUBEPCUTETI
9TVKanbIK KOMUTETIHIH KeniciMi anbiHabl (Ne5 xatTama 15.12.2015x). KankaHwa 6e3i gponnukynsapnbik
afleHOMacbIMeH HaykacTapablH, apxueTi ManimeTTepiMeH 3epTTeme 2014 xbingaH 2016 xbiFa geniH
Cemen kKanacblHblH (KasakcTaH) OHKONOrMsnbIK AMCMNaHCepiHAEr NaTonorvsnblk MOpgonorus xoHe
UMTOXMMUANBIK 3epTXaHacblHAa XeHe Haracaku yHMBepCUTETiHIH, (YKanoHus) FbinbIMK 3epTxaHacbiHaa
eTkKi3ingi. 3epTreme HoTUXenepiH eHaey YwWiH MaHHa-YiTHu TecTi, Ouwep kputepuui, MUPCOHHBIH,
Koppenauuanblk aHanusi Kongasbingbl. Ecenteynepre SAS 6argapnamacs (SAS unctutyThl, Cary,
NC, AKL 8.2 Hyckacbl) konaaHbingbl. bapnbik coiHakTap 6ip xakThl, xaHe p <0,05 cratucTukanbik
MoHzi bonapl.

3eptreme HaTuxkeci: OHkoUUTapNbIK PONMMKYNAPNbl afeHOMAcbIMEH HaykacTapdblH, achl
KapanaibiM afeHOMaMeH ayblpaTblH HayKacTapMeH CanbICTbipFaHAa XacTapbl YikeH 6ongbl (p =
0,03), xaHe fe icikTep kenemiHge CTaTUCTUKanNbIK HAaKTbl anbipMallbifbiFbl BOnFaH XoK. 3epTTemene
53BP1 TypakcbI3 9KCMPECCUSACHIHbIH, XWiniri KapananbiM TYPIMEH CarnbICTbipFaHda OHKOUWUTAPIbIK
TYpiHAe xofapbl ekeHgiri (p = 0,0028) aHbikTangbl. bi3aiH KYMbICbIMbI3AbIH KOPbITbIHALICHI GOMbIHLLIA
TP73  vMMyHObIpeakTVBTINIK  KapanaibiM  (hONMKYNspibl  ageHoMaMeH  carnbiCTbipFaHaa
OHKOUMTapMbIK TypiHOe MHAI Xofapbl AeHreniH kepcetti (p = 0,0001). CoHbiMeH KaTap,
OHKOUMTaPIbIK Ponnukynspnbl ageHomaaa 53BP1 Typakchi3 aKCnpeccuschl iCik xacyLianapb! naibl3bl
apacbliHga MaHai oH koppensaumus (r=0,5983, p=0,0020) xaHe TP 73 akcnpeccuscbiHa MO3WUTWBTI
KacyLlanap nanbi3bl aHbIKTanabl.

KopbITbiHAbl:  BacTbiChbl, OHKOUMTAPMbLIK  ONnMKynapnblk  ageHomaga 53BP1 Typakcbis
aKCmpeccuachl iCiK kacylanapbl Nanbi3bl apacblHga MaHOI OH, Koppensuusickl xaHe TP 73
9KCMpeccuscbiHaa NO3UTUBTI XacyLlanap nanbi3bl aHbIKTanabl. bapnblk oCbl AepekTep OHKOUMUTapIbIK
cdonnukynapnblk ageHomaga [OHK koc OypbiMbiHOa ya3inic naiga 6onybiHa 6GannadbicTel TP73
aKybI3blHbIH, XOFapbl eHreniH kepceTesi.

Herisri ce3pep: kankaHwa 6esi iciktepi, oHkouutTep, 53BP1 akcnpeccusicbl, reHOMAbIK
TYpaKchI3ablK.
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Introduction

Oncocytic follicular tumors of the thyroid, also
known as oxyphilic or Hurthle cell tumors, are
neoplasms of follicular cell origin predominantly,
or entirely, composed of large polygonal cells with
oxyphilic features related to the presence of
eosinophilic and granular cytoplasm that is rich in
mitochondria [5,15,21]. Encapsulated thyroid
lesions with no evidence of capsular or vascular
invasion and no nuclear features of papillary
carcinoma are diagnosed as oncocytic follicular
adenomas (FAs), and those that exhibit vascular
and/or capsular invasion in the absence of
diagnostic  nuclear features of papillary
carcinomas are diagnosed as oncocytic follicular
carcinoma [6,17,22,29]. However, the clinical
significance of oncocytic change in thyroid tumors
remains unclear and controversial. Some studies
have indicated that oncocytic carcinomas behave
more aggressively in comparison with the usual
variants of well differentiated thyroid cancers, and
result in a higher incidence of metastases and a
lower survival rate; hence they recommend
aggressive surgical treatment regime for all
oncocytic follicular tumors [12,16,24]. On the
other hand, other reports suggest that oncocytic
follicular tumors are not more aggressive than
their conventional counterparts [7,11,25].

Tumor protein 73 (TP73) is encoded within
1p36, and belongs to the p53 protein family [31]
dysregulation of the latter plays a critical role in
tumorigenesis and significantly affects tumor
response to therapy. Significant up-regulation of
TP73 transcription, which involves transcription
factors that also regulate various vital biological
processes  including  cell  differentiation,
proliferation, and cell death/apoptosis, has been
demonstrated  using  quantitative  reverse
transcription-PCR (qRT-PCR) in human papillary
thyroid carcinomas.
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However, analysis of 1p36 and TP73,
especially in association with 53BP1, remains
unexplored in oncocytic FA.

P73 is a tumor suppressor protein. It is a
member of the p53 family that is composed of
p53, p63 and p73 [14,30]. p53 is the most well-
known tumor suppressor and has been
suggested to be mutated in over half of the
human cancers [3]. All p53 family members
display similar domain structures, having an N-
terminal transactivation (TA) domain, a DNA-
binding domain (DBD) and an oligomerization
domain (OD). p73 and p63 share a sterile alpha
motif domain (SAM) and an inhibitory domain
(ID) at their C-termini. In addition to the
similarity in the domain structures, p73 and p63
have a higher sequence homology as
compared with p53. Although p53, p63, and
p73 share similar domain architecture and
sequence identity, their differences in vivo are
striking. While p53 is frequently mutated during
tumorigenesis (in over 50% of human tumors),
p63 and p73 are rarely mutated [18]. There are
nine possible isoforms for p53, six for p63, and
35 for p73 that can arise through a combination
of promoter usage and alternative splicing
[1,2,19]. For p63 and p73, two classes of
isoforms exist that either contain (TA) or lack
(AN) the transactivation domain required for full
activation of target genes (Fig. 1); The
purported active isoform of p73, TAp73, is of
particular interest because it is frequently
expressed in human tumors and can be
inhibited by either ANp63 or ANp73 (Fig. 1) [8].
In addition, tumor-specific forms of p53 have
the ability to bind and inhibit p73 (Fig. 1) [9].
Thus the ability of _Np63, _Np73, or mutant
p53 to inhibit TAp73 mayobviate the need for
mutation of p73 during tumorigenesis.
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Figure 1. Isoform-based model of p53 family function. (A) Active isoforms of the p53 family of
transcription factors (p53, p63, and p73) contain a transactivation domain, whereas inhibitory isoforms
lack a transactivation domain. (B) Other family member isoforms may inhibit TAp73 in cells, thus
preventing TAp73 from engaging in tumor-suppressive functions and reducing selective pressure for

mutation of p73 during tumorigenesis.

Significant up-regulation of tumor protein 73
(TP73) transcription, which involves transcription
factors that also regulate various vital biological
processes  including  cell  differentiation,
proliferation, and cell death/apoptosis, has been
demonstrated  using  quantitative  reverse
transcription-PCR (qRT-PCR) in human papillary
thyroid carcinomas. However, analysis of TP73,
especially in association with  p53-binding
protein1  (53BP1), remains unexplored in
oncocytic FA.

In an attempt to clarify the potential
pathological  mechanisms  underlying  the
aggressiveness of oncocytic FA, we analyzed the
type of  53BP1 expression using
immunohistochemical ~ analysis  of  TP73
expression.

Thus, the aim of this study was to evaluate
the extent of the genomic instability in oncocytic
follicular adenoma of the thyroid.

Materials and Methods

Twenty-four surgically resected formalin-fixed,
paraffin-embedded (FFPE) thyroid tumors
including 12 oncocytic and 12 conventional FAs
were available for the present study.

As this was a retrospective research study
involving minimal risk to the participants, informed
consent for the analysis was not obtained from
each patient. In addition, following the guidelines
of the Ethical Committee’s official disclosure
system, detailed information of the research was
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released to the public on the institution’s
homepage.

Inclusion criteria of patients into research
are the following:

1. Archival histological materials of patients
with confirmed histological diagnosis

2. Histological picture of oncocytic adenoma

3. Picture of thyroid neoplasia at subsequent
thin-needle biopsy

4. Agreement of patient being involved into
research

Exclusion criterion of patients into
research is the following:

1. Rejection of patient in participation

An  immunohistochemistry ~ study  was

performed to determine the level of TP73
expression in the patient samples. After antigen
retrieval by heating the tissue sections in a
microwave for 20 minutes in citrate buffer (pH
6.0), the sections were immersed in 0.3 % H20»
solution for 30 minutes to block endogenous
peroxidase activity and incubated for 1 hour at
room temperature with an anti-p73 rabbit
monoclonal antibody (Abcam, Tokyo, Japan) at a
1:50 dilution in a humidified chamber.To detect
the immunostaining, Histofine Simple Stain™
MAX PO (MULTI) (Nichirei Biosciences Inc.,
Tokyo, Japan) was used according to the
manufacturer’s instruction. For evaluation of TP73
expression, we counted the number of positively
stained cells in 10 fields at x400 magnification per
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section and calculated the mean percentage of
positive cells, which was defined as TP73
immunoreactivity in each case. The level of TP73
immunoreactivity was categorized into four
groups according to the percentage of positive
cells as follows: 1) negative: 0<5%; 2) low:
5<30%; 3) moderate: 30<60%, or 4) high: 260%.

Comparisons of age, gender, and tumor size
between the patients with oncocytic and
conventional FA were carried out using the Mann-
Whitney U test. Associations between the type of
53BP1 expression (stable, intermediate, or
unstable) and histologic type (oncocytic or
conventional FA) were assessed by the Fisher’s
exact test. The Cochran-Armitage test was used
to compare the level of TP73 immunoreactivity
(negative, low, moderate, or high) between
histologic types.

Correlations between the type of 53BP1
expression and the percentage of tumor cells

HE

Oncocytic FA

Conventional FA
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33BP1

exhibiting unstable 53BP1 expression and the
level of TP73 immunoreactivity in FA were
evaluated by Pearson's correlation analysis. The
PHREG procedure in SAS software (version 8.2;
SAS Institute, Cary, NC, USA) was used for
calculations. All tests were one-tailed, and a p-
value <0.05 was considered statistically
significant.

Results

Patients with oncocytic FA were older than
those with conventional FA (p = 0.03) and there
were statistically no differences in tumor size
identified by the Mann-Whitney-U test.
Representative images of TP73 expression in
both oncocytic and conventional FA obtained
using immunohistochemistry are depicted in Fig.
2. Relative to the stable type of 53BP1
expression, the unstable pattern has been shown
to increase during carcinogenesis.

A el

Fig. 2 Comparison of 53BP1 expression patterns and TP73 immunoreactivities between oncocytic FA
(A-C) and conventional FA (D-F). H&E staining of oncocytic and conventional FA (A, D). A strong TP73
immunoreactivity (C) is observed in oncocytic FA showing unstable 53BP1 expression (B), while TP73
immunostaining (F) is faint in conventional FA with intermediate 53BP1 expression (E).

-4 -
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Notably, in the current study, the incidence of
unstable 53BP1 expression was significantly
higher in oncocytic FA than in conventional FA as
assessed by the Fisher's exact test (p = 0.0028).
Based on the aCGH results, we further looked
into the specific chromosomal locations wherein
DNA amplification occurred. Notably, analysis
demonstrated amplification of chromosome 1p36
in 3 of 4 oncocytic FA cases, but not in 4
conventional FA cases. To verify this finding, we
assessed the amplification of chromosome 1p36
using the LSI 1p36 probe by employing FISH
analyses. These results suggested that
amplification of 1p36 might be one of the defining
genomic features of oncocytic FA. The LSI 1p36
probe used in the FISH analysis contains
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sequences that extend from near the SHGC
57243 locus through the TP73 and MEGF6
genes, and ends at a point telomeric to the
MEGF®6 locus. These data led us to focus on the
tumor protein TP73 in 1p36, which has been
shown to be frequently dysregulated during
carcinogenesis in various malignancies.

Our work demonstrated that the level of TP73
immunoreactivity was substantially higher in
oncocytic than in conventional FA (p=0.0001).

Importantly, we found a significant positive
correlation  (r=0.5983, p=0.002) between the
percentage of tumor cells exhibiting unstable 53BP1
expression and the percentage of cells positive for
TP73 expression in oncocytic FA as evaluated using
Pearson’s correlation analysis (Fig. 3).

¢ Oncocytic type

o Conventional type

r=10.59832, p=0.0020

Pearson’s correlation analysis

() om
() 10 20 30

40

50 60 70 80 90

Patients with DDR and unstable 53BP1 expression (%)

Fig. 3 Positive correlation between unstable 53BP1 expression and TP73 immunoreactivity
in follicular adenoma (r = 0.59832, p = 0.0020, by Pearson’s correlation analysis).
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Taken together, these data indicated that
oncocytic FA demonstrates an elevated TP73
protein level that correlates with the occurrence of
DNA double strand breaks.

Discussion

The present study demonstrates for the first
time the existence of differences in the type of
53BP1 expression between oncocytic and
conventional FA. The prevalence of unstable
53BP1 immunoreactivity, which is suggestive of
the induction of endogenous DDR mechanisms,
was significantly higher in oncocytic than
conventional FA, indicating a higher level of
genomic instability in oncocytic FA. This study
also revealed a higher incidence of CNA in the
tumor DNA of oncocytic FA exhibiting unstable
53BP1 expression, providing further evidence for
a role of genomic instability during oncocytic FA
tumorigenesis and its association with the pattern
of 53BP1 expression. Previous CGH analyses
found that chromosomal aberrations were
common in oncocytic FA/Hirthle cell adenoma
[Frisk T, Kytola S, Wallin G, (1999) Low frequency
of numerical chromosomal aberrations in follicular
thyroid tumors detected by comparative genomic
hybridization. Genes Chromosomes Cancer 25:
349-353.]. Although some studies have found that
carcinomas have more chromosomal gains and
losses than adenomas, in others the differences
were not statistically significant [Tallini G, Hsueh
A, Liu S, Garcia-Rostan G, et al. (1999) Frequent
chromosomal DNA unbalance in thyroid oncocytic
(Hurthle cell) neoplasms detected by comparative
genomic hybridization. Lab Invest 79: 547-555.). It
is unclear why oncocytic FAs exhibit increased
genome instability compared to conventional FAs.
We note that patients with oncocytic FA were
older than those with conventional FA, consistent
with previous findings regarding the general
population of patients with oncocytic FA [Rosai J
(2004) Thyroid gland. In: Rosai J (ed) Rosai and
Ackerman’s Surgical Pathology (9th). Mosby,
New York: 544-547.]. Although we cannot
completely exclude the possibility that age
difference  contributed to the differential
expression of 53BP1, our previous studies
indicated that 53BP1 expression pattern is largely
influenced by pathological grade and the pattern
of neoplasms [Nakashima M, Suzuki K, et al.
(2008) Foci formation of P53-binding protein 1 in
thyroid tumors: activation of genomic instability
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during thyroid carcinogenesis. Int J Cancer 122:
1082-1088].

Our aCGH analysis demonstrated the
amplification of chromosome 1p36 in oncocytic
FA tumors showing unstable 53BP1 expression,
but not in conventional FA tumors showing stable
53BP1 expression. Amplification of chromosome
1p36 in oncocytic FA was additionally confirmed
by FISH. This is consistent with the report by
Wada et al, who also found a gain of
chromosome 1p36 in oncocytic FA by CGH
analysis. In the current study, we further
demonstrated a significant positive correlation
between the percentage of tumor cells in FA
expressing unstable 53BP1 expression and the
percentage of cells positive for the expression of
TP73, which is encoded by a gene located on
chromosome 1p36.2-3. Previous studies have
also suggested an impact of TP73 gene alteration
on human thyroid tumorigenesis [Hemmer S,
Wasenius VM, Knuutila S (1998) Comparison of
benign and malignant follicular thyroid tumours by
comparative genomic hybridization. Br J Cancer
78: 1012-1017]. The TP73 gene has been shown
to encode a large variety of diverse transcripts
that are regulated by extensive alternative
splicing. These transcripts can be generally
categorized into two main groups, encoding
transcriptionally active and N-terminally truncated
(AN) isoforms [Vilgelm AE, Washington MK, Wei
J, et al. (2010) Interactions of the p53 protein
family in  cellular stress response in
gastrointestinal tumors. Mol Cancer Ther 9: 693-
705.]. ANp73 plays a dominant-negative role in
inhibiting the transcriptional and other biological
activities of the transcriptionally active isoforms,
which are linked to cancer development.
Accordingly, ANp73 is upregulated in many
human cancers including liver, ovarian, breast,
and melanoma [Castillo J, Goni S, Latasa MU,
Perugorria MJ, et al. (2009) Amphiregulin induces
the alternative splicing of p73 into its oncogenic
isoform DeltaEx2p73 in human hepatocellular
tumors. Gastroenterology 137:1805-1815.]. The
correlation of 53BP1 nuclear expression pattern
and TP73 does not explicitly indicate that
unstable 53BP1 expression underlies the
aberrant TP73 expression.

In summary, this study demonstrated the
unstable pattern of 53BP1 expression in
oncocytic FA and its association with a higher
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incidence of copy number aberration (CNA) as
assessed by array comparative genomic
hybridization (aCGH). Although further studies are
required to determine the pathological and clinical
roles of 53BP1 nuclear foci in follicular cell-
derived neoplasms, the results of the current
study suggest that oncocytic FA exhibits elevated
genomic instability compared to nononcocytic
FAs.
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