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TEPINHWH: O1 popgoyevetikég Tpwtelveg ootol
(BMPs) SiadpapatiCouv onuavtiké pdro otn diadika-
0la TG KAPKIVOYEVESNG, HE OUPHETOXT OTNV VEO-QyYel-
OVEveDn, TN HETAoTATKY] CUPTTEPIPOPd TwV OYKwV KAl
TN PUBHION TWV PXEYOVWY KAPKIVIKOV KUTIAPWV.
2KOTIOG TG mapoUoag €peuvag eival r diepelvnon g
ékppaong g BMP-2 oe kahoriBeig dykoug olehoyd-
vV adévwv.

YAS: MehetriBnkav 97 Sefypata kahoriBwv Oykwv
napwtidag (46 kuotadevoreppwuata Warthin kai 51
TAeIGpop@a adevipata), ou ealpébnkav o didotn-
pa 10 etwdv (2000-2010) oto INA «Irmokpdteio» and
aoBeveic nAikiag 21-80 etwv.

MEBobog: XpnoiuomoiBnke avoooioToXNUIKY Xpwon
pe €181kS avtiowpa yia tnv avixveuon g BMP-2 pe v
evupikr péBodo apidivng — Piotivng — urepoeiddong.
ArroteAéopara: Napatnprifnke evbokuttdpia ékppaon
g BMP-2 oe kahorfeig dykoug olehoydvwy adévwv
kal pdhiota o Babuodc €kepacr|c TG Otoug OYKOUG
Warthin Atav onuavtikd ugnAdtepog and ot ota TAel-
Spoppa adevipata.

Jupurnigpdouara: H ékppaon tng BMP-2 @alvetar va
amotehel éva onpavtiké mapdyovia otny avdarugn ka
Tov kaboplopd TG PIOAOYIKAG OUTTEPIPOEAG KAAOT-
Bwv OyKwV TwV olehoyovwy adévwy.

AEZEI> KAEIAIA: Mopgoyevetkdg mapdyovtag
ootol, aMniemdpdoeig emBnAiou  peoeyxpatog,
KkahorBeig dykol alEAoyOvwy adévwv.

SUMMARY: Bone morphogenetic proteins (BMPs)
play a significant role in the process of carcinogenesis,
participating in neoangiogenesis, tumour metastatic
behaviour and cancer stem cell regulation. However,
their expression and role in the development of benign
salivary gland tumours has so far been under-
researched.

Aim: The aim of this study is to examine BMP-2 expres-
sion in benign salivary gland tumours.

Material: The material of this study included 97 speci-
mens of benign parotid tumours (46 Warthin cystade-
nolymphomas and 51 pleomorphic adenomas) collect-
ed between 2000 and 2010 at the “Ippokrateion” Gen-
eral Hospital of Athens, from patients between 2| and
80 vears old.

Method: BMP-2 expression was determined by
immunohistochemical staining with a specific antibody,
using the avidin-biotin-peroxidase enzymic method.
Results: Intra-cellular BMP-2 expression was observed
in benign salivary gland tumours; it was significantly
stronger in Warthin tumours than it was in pleomor-
phic adenomas.

Conclusions: BMP-2 expression appears to be a deter-
mining factor in the development and behavioural pat-
terns of both benign and malignant tumours.

KEY WORDS: Bone morphogenetic protein (BMP),
epithelial-mucosal transitions, benign salivary gland
tumours.
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EIZAIQrH

O1 Mopgoyevetikés Npwteiveg Ootol (BMPs, Bone
Morphogenetic Proteins) eival péAn tng oikoyéveiag
tou AuEnukou [Mapdyovia Metapdpowong Prita
(TGF-B, Transforming Growth Factor beta) kai avaka-
ANiBnkav to 1965 and tov Marshall Urist (Urist, 1965).
O1 BMPs umdpxouv oto kuttapdmiaopa Siapdpwv
Wnwv Kuttdpwv (OTw¢ ooteoPAaotwy, xovopoPAa-
OTWY, VEUPIKWV Kal emONNaK®y Kuttdpwy) wg Sipepn
TIPO-TIPWTEIVWY TIoU Tépvovial and TPWTEACES TPV
evepyotoinBouv. Metd tnv €kkpior] Toug amod To Kutta-
pSOMAaopa otov eEWKUTIdPIO XWPO UGiotavtal dMo
éva otddio eneepyaoiag and pubpiotikd pdpia (Nog-
gin kai Chordin) yia va ouvdeBolv otoug e1dikoug utto-
doxeic kivdong oepivng-Bpegovivng timou | kai 2 twv
kuttdpwv otdxwv Toug (Holley kar ouv. 1996, Piccolo
kai ouv. 1996, Yamashita kai ouv. 1995) kai va emteré-
oouv T PBioroyikd Toug Spdon HEow Twv evOOKUTIE-
PIWV ONUATOdOTIKWY pnxaviopwy, kuping MAPK ka
SMAD, kar omavidtepa Notch kat WNT (Zhang kai L,
2005, Herpin kai Cunningham 2007, Marquis kai ouv.
2009).

O1 BMPs mapoucidouv toeg TTOMEG SIAQOPETIKES
dpdoeig, Tou éxel mpotabel du n opdda auth Twv
au&nukwv apaydviwy Ba EMperTe va JETOVOUAOoTel o€
HOPPOYEVETIKEG TIpwTElveG owpatog (Body Morpho-
genetic Proteins) (Reddi, 2005). [Népa amd 1o yvwotd
PAOAO TOUG OTNV HOPPOYEVEDT TWV OTTWY KAl TWV XOV-
Spwy, ta TeAeutaia xpdvia éxel diamotwOel kar o
PONOG TOUG Ot WETABOANKA vooruata, Omws otnv
Taxuoapkia kar tov diaPrtn, oe ayyeiakd voorjpata
OMwG aofBéotwon Twv ayyeiwv, TIVEUHOVIKH UTTEQTAon
Kal oIkoyevr) aipoppayiky Tehayyeiektacia, ald ka
OTNV KAPKIVOVEVEDN, He OUppetoxr oe Oladikaoleg
OTIWG N VEOQYYEIOYEVEDT), O KaBopIoPAG TG HeETaota-
TKAG OUPTTEQIQOPAS KAl N PUBHIoN TwV apXEyovwv
Kkapkivikwv kuttdpwy (Meejung kai Senyon, 201 1). Tevi-
Kkd, ol BMPs gafvetal va evéxovtal otnv maboguoiolo-
yia apKkeTav voowy, OTTwG o Kapkivog, n 0ateoTrdpwar),
VEQPIKEG VOOOI, 1) TIVEUROVIKY uTéptaon, n apbpfuda
Kal Ta ayyelakd eyke@ahikd emeioddia (Yanagita, 2005,
Wordinger kar Clark, 2007).

H ouoxétion tng BMP-2 pe tnv kapkivoyéveon dpxioe
va avayvwpiCetal to 1992 dtav diamotwbnke cuoxét-
on avdyeoa otov Kapkivo Tou Mpootdtn, TG OOTIKEG
TOU METAoTdoelG kal To Pabud éxppaong (dnhadn
TIapaywyng Kai ékkpiong otnv efwkuttdpia Bepéhia
ouafa) g BMP-2 (Bentley kai ouv. 1992). H BMP-2
ekppaletal eniong oe kapkivo tou paoctou (Bobinac kal
ouv. 2005) aMd kar og pia ogipd amd Gykoug Omwg
yAolwpa, Kapkivog wobnkwyv, adevokdpkivwua oleho-
yovwv adévwy, HecobnAiwpa, opwdeq kal PAevwwdeg
abevokapKivwpa, IVOodpKwHAa Kar TTayKPEQTIKO KapKi-
VWA kal gdhiota wg euaiobnrog Seiktng. Emiong, ¢ai-

XpuooAoupng [1. kar ouv./Chryssolouris P. et al.

INTRODUCTION

Bone morphogenetic proteins (BMPs) belong to the
family of Transforming Growth Factor beta (TGF-B)
and were discovered in 1965 by Marshall Urist (Urist,
1965). BMPs can be found in the cytoplasm of various
cell types (such as in osteoblasts, chondroblasts, neural
and epithelial cells) in the form of pre-protein dimmers
cleaved by proteases before being activated After their
secretion from the cytoplasm in the extracellular space,
they go through one more processing stage by regula-
tory molecules (Noggin and Chordin) in order to get
attached to the special type | and 2 serine/threonine
kinase receptors of their target cells (Holley et al. 1996,
Piccolo et al. 1996, Yamashita et al. 1995) and engage
in their biological activity via intra-cellular signalling
mechanisms, mainly MAPK and SMAD, and less often
Notch and WNT (Zhang and Li, 2005, Herpin and
Cunningham 2007, Marquis et al, 2009).

BMPs are engaged in so many activities that it has been
proposed to rename them as Body Morphogenetic Pro-
teins (Reddi, 2005). Besides their well-known role in
bone and cartilage morphogenesis, it was recently dis-
covered that they also play a role in metabolic diseases,
such as obesity and diabetes, vascular diseases, such as
vascular calcification, lung hypertension and hereditary
hemorrhagic telangiectasia, as well as in carcinogenesis,
participating in various processes such as neoangiogene-
sis, tumour metastatic behaviour and cancer stem cell
regulation (Meejung and Senyon, 201 I). Generally, BMPs
appear to be involved in the pathophysiology of several
diseases, including cancer, osteoporosis, kidney diseases,
lung hypertension, arthritis, and cerebrovascular episodes
(Yanagita, 2005, Wordinger and Clark, 2007).

BMP-2 began to be associated with carcinogenesis in
1992, when a correlation was found between prostate
cancer, its bone metastases and the level of BMP-2
expression (ie. its production and secretion in the
extra-cellural matrix) (Bentley et al, 1992). BMP-2 is
also expressed in breast cancer (Bobinac et al, 2005),
as well as in a number of tumours, including glioma,
ovary cancer, salivary gland adenocarcinoma, mesothe-
lioma, serous and mucinous adenocarcinoma, fibrosar-
coma, pancreatic carcinoma, and in fact as a sensitive
index. Moreover, it appears that BMP-2 expression
increases significantly in both small-cell and non-small-
cell lung cancer (17 and 215.6 times higher than in
healthy tissues, respectively) (Singh and Morris, 2010).
Within the context of carcinogenesis, BMP-2 appears
to play a role in both neoangiogenesis and the process
of metastasis formation. BMP-2 appears to have angio-
genetic properties in melanomas (Rothhammer et al,
2007, Singh and Morris, 2010), vascular endothelial
stem cells (Smadja et al, 2008) and lung tumours, in
which it is associated with the Vascular Endothelial
Growth Factor (VEGF) (Langenfeld et al, 2004, Bieniasz
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VETAI N éKPpaor] tng va au€dvetal onpavtikd téoo ato
HIKOOKUTIAPIKSO OO0 Kal OTO Jn HIKPOKUTIAPIKS KAPKI-
vo Tiveupovav (17 kar 25,6 @opég mepioodtepo amd
éu oe uyielg 1otoug avtiotoixa) (Singh kar Morris,
2010).

O pdAog g BMP-2 otnv kapkivoyéveon @aivetal va
apopd 600 OtN veoayyeloyévwveaon 6oo Kkarl ot diadi-
kaoia NG dnuioupyiag petaotdoewv. H BMP-2 @aive-
Tal va €xel ayYEIOYEWETIKEG 1ID10TNTEG O Hehavpata
(Rothhammer kai ouv. 2007, Singh kar Morris, 2010),
oe apxéyova kUTtapd Tou evdobBnhiou Ttwv ayyeiwv
(Smadja kar ouv. 2008) kar dykoug Tveupdvwy dTTou
oxetiCetal pe tov Ayyeiakd Evdobnhiakd Augnuikd
Mapdyovta (VEGF, Vascular Endothelial Growth Fac-
tor) (Langenfeld kai ouv. 2004, Bieniasz kai ouv. 2009).
‘Ooov agopd ot avdmuén petaotdoswy, n BMP-2
@aivetal va au&dvel v Kivnukdtnta kai my Sieloduti-
KOTNTA TWV KAPKIVIKWV KUTTAPIKWV CEIPWV TTPOOTATN
(Feeley kar ouv. 2006), evw n ASITOUPYIKY UTIEPEKPPA-
o NG 0€ KapKIVIKG kUttapa Oykwv paotou Tpodyel
TNV OleIoOUTIKSTNTA Kal TV augnon Tou peyéBoug Tou
Sykou (Clement kar ouv. 2005). Avtiotoixn oupmepl-
@opd mapatnpeftal pe avgnon g KvNTKSTNTAg Kal
NG OlEIodUTIKGTNTAG TwV KUTIdpwy and Kapkivo oto-
pdxou (Kang kar ouv. 2010).

2KOMOox

2Kkomd¢ NG PeAétng pag eivar n digpelivnon TG ékppa-
ong NG Hop@oyevetikAG Tpwteivng ootoy BMP-2 oe
kahorBeig dyKoug TG MapwTidag Kai Mo CUYKEKPIUEVA
Sykoug Warthin kar mieidpopga adevipata.

YAIKO

To UNKS NG €peuvag apopouoe GUVONKA 97 dyKkoug
napwtidog eEaipebévieq oe didotnua 10 etwv, ™ xpo-
vik) mepiodo 2000-2010, oto I'NLA. «Immokpdrteio”
and v Qropivo-Aapuyyoloyikr KAIVIKY, 46 ek Twv
omoiwv avayvwpiotnkav oto maboloyoavatopikd
epyactripio wg dykol Warthin kar 51 wg mheidpopea
adevipata. A Tig 46 mepimwoelg dykou Warthin, ol
38 Atav oe d&vdpeg (82,6%) kar or 8 oe yuvaikeg
(17,4%). An6 1 51 mepimaoelg Mieidpop@ou adev-
patog, ol 18 rtav oe dvdpeg (35,3%) kai ol 33 ftav o
yuvaikeg (64,7%) (Mivakag 1). H nAikia twv aoBevav
kupavétav and 21 éwg kar 80 € pe péoo Spo ta
52,43 ¢ (57,7 yia toug dykoug Warthin kar 47,6 yia
1a Mieidpoppa adevwpata) (Mivakag ).

ME©OAOZ

Ané 1o apxeio aveupgbnkav ol avtiotoixol KUPol
mapagivng. Amé kdbe povioTioinuévo Kai eyKAEIOPEVO
oge kUBo mapagivng KAviké Seiypa éyive A Topwy
niéxoug 4pm pe ) PoriBeia uMEpHIKPOTSHOU KAl TOTTo-

Tépog 14, No [, 2013/Vol 14, No |, 2013

et al, 2009). In terms of metastasis formation, BMP-2
appears to increase the motility and invasiveness of
prostate cancer cell series (Feeley et al, 2006), while its
functional over-expression in breast tumour cancer
cells promotes the tumour's invasiveness and growth
rate (Clement et al, 2005). A similar behaviour is
observed in stomach cancer cells, with an increase in
their motility and invasiveness (Kang et al, 2010).

AIM

The aim of this study is to examine BMP-2 expression
in benign salivary gland tumours, and more precisely in
Warthin tumours and pleomorphic adenomas.

MATERIAL

The material of this study included a total of 97 speci-
mens of benign parotid tumours, which had been sur-
gically removed at the Otorhinolaryngology Clinic of
the “Ippokrateion” General Hospital of Athens over a
period of ten years (2000-2010). Of them, 46 had been
identified at Histopathology department as Warthin
tumours, while the remainder 51 as pleomorphic ade-
nomas. Of the 46 cases of Warthin tumour, 38
involved men (82.6%) and 8 women (17.4%). Of the
51 cases of pleomorphic adenomas, |8 involved men
(35.3%) and 33 women (64.7%) (Table 1). The age of
patients ranged between 21 and 80 years, with a mean
age of 5243 years (57.7 for the Warthin tumours and
47.6 for the pleomorphic adenomas) (Table I).

METHODS

The relevant paraffin blocks were retrieved. From each
fixed and paraffin-embedded clinical specimen, 4um-

Mivakag 1
Meptypagikd otatiotikd delyparog
‘Oykog Warthin MAeidpoppo adevwpa
HAkia 57,6 ém (W.0.) | 47,6 €m (U.0.)

®UNo | Avdpeg
Muvaikeq

38 (82,4%) 18 (35,3%)
8 (17,6%) 33 (64,7%)
EUpogq: 21-80 €. ZUvoAkAg W.0. nAikiag: 52,43 €

Table 1
Descriptive statistics of the sample

Warthin tumour Pleomorphic adenoma

Age 57,6 years (av.)| 47,6 years (av.)

Sex Males
Females

38 (82,4%) 18 (35,3%)
8 (17,6%) 33 (64,7%)

Range: 21-80 years. Overall average age: 52,43 years
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B€tnon autwv oe avTKeldevoOPeG TTAGKES EMIKAAU-
pEveG pe Auaivn. AkohoUBnoe amomapagivwan, emavu-
ddtwon), eme€epyaoia amokdhuyng avtyovikov Béoewv
oe didhupa KitpikoU o&éwg pe pH 6 o poupvo pikpo-
kupdtwv yia |5 H avoooiotoxnpikr peAétn mpaypa-
ToroiBnke pe v evCUpIKY PEB0dO  CUPTAEYHATOq
apidivng-Brotivng-unepoeiddong (ABC) (Hsu «kal
Raine, 1981), enwaon oe Beppokpaoia dwuatiou yia
30’ kar avoooioTOXNPIKA XPWon e avIoWUAtd yia avi-
xveuon g BMP-2 (baf355BMP2,4, R&D) —povokhwvi-
k6 avtiowpa afyag o apaiwon |:150 pe Betikols pdp-
TpeG Selypata Onhwdwv kapkivwpdtwy Bupeoeidolq
pe emwaon oe Yuyeio yia 30" H ékppaon g BMP-2
a&lohoyribnke oe kdBe TMAQKIBIO e UIa NUITOOOTIKY KAl-
paka Babpoloyiag O-3. H k\ipaka ékppaong kabopi-
otnke wg €€Ac 0 ota Seiypata mou eppdviav acBevr
xpwon oe <5% twv kuttdpwv Katd orukd medio
(kom), | €dv eppdviCav aoBevri xpwon o€ 5 €wg 75%
TV KUTTAPWV K.O.TT. ] évtovn xpwon ot 5 éwg 30% twv
kuttdpwy, 2 av 30 éwg 75% Twv KUTIApWY K.O.TT. EUQA-
vifav évtovn xpwon f >75% twv kuttdpwv acBevr|
Xpwon Kai 3 av >75% twv kuTtdpwv K.o.T. ededvidav
évtovn xpwon (otnv avoooioTOXNUIKY XPWon HE TO
€101ké yia v BMP-2 avticwpa).

MNa wm Sigpelvnon ouox€tiong peta&y tou Pabuou
ékppaong g BMP-2 kar tou tUmou tou dykou xpnol-
poroinBnke o éheyxog Fisher's exact. e deltepo otd-
10, yia va ouvektpnBel tuxdv emidpacn g NAIKIag ka
Tou @UAOU OtnV TTIapamndvw CUCXETION, XENOIHOTION-
Bnkav povtéha hoyiotikig mahvdpdpnong yia diatdél-
pa Sedopéva (ordinal logistic regression) kar extpriOn-
KE O OXETKAC AOYOC CUUMANPWHATIKGOV TBavoTiTwy
(odds ratio, OR) kabw¢ kai to oxetkd 95% didotnua
epmaotoolvng (95% Cl). Alapopég otnv nAikia petagy
Twv Suo opddwv aoBevwy eAéyxOnkav e t-test eva yia
10 QUNO XpnoiporoiBnke o éleyxog x2. O1 €Aeyxol
Tpaypatorolionkav oe enfredo onpavukdtntag a=5%
kal Atav apgmieupol.

AMNMOTEAEXMATA

Katd tnv emdnpioloyikr] avdluon miapatnprijodye oto
UNIKG pag otatiotikd onpavtky Siagopd otnv nAikia
Kal oTo QUAO Og OxEan pe Tov TUmo tou dykou. ‘Etol,
peyaAUtepo moooatd avopwv (68%) kai o nAIKIwpE-
vol (péon nAikia 57.6 €mn) rfitav o1 aocBeveic pe dyko
Warthin.

‘Ooov apopd ta eupApata amnd v v avoooiotoxn-
HIKr) xpwarn), téoo ol dykol Warthin 6oo kar ta meid-
popea adevauata ekppdlouv v BMP-2 kai ydhiota
evdokuttdpia. ‘Ocov agopd otoug dykoug Warthin,
mapatnerjodye, pe Bdon tnv khipaka Pabuovépnong
NG ékppaong g BMP-2, éva delypa mou katatdxdn-
ke otnv katnyopia 0, 4 defypata oty katnyopia |, 18
otnv 2 kai 22 otnv katnyopia 3 (olvolo 45 delypata)
Kal doov apopd ta TAeIdPoped adevapata 26 otnv

XpuooAoupng [1. kar ouv./Chryssolouris P. et al.

thick sections were obtained using an ultramicrotome
and placed on microscope slides covered with lysine.
This step was followed by deparaffinisation, rehydration
and antigen retrieval in a pH 6 citric acid solution,
placed in a microwave oven for |5'. The immunohisto-
chemical study involved the use of the avidin-biotin-
peroxidase complex (ABC) enzymic method (Hsu and
Raine, 1981), incubation in room temperature for 30
minutes and immunohistochemical staining with BMP-2
specific antibodies (baf355BMP2,4, R&D) — monoclon-
al goat antibody diluted at I:150, with positive controls
thyroid papillary carcinoma specimens incubated for 30'
in a fridge. In each slide, BMP-2 expression was evalu-
ated on a semi-quantitative rating scale of O to 3. This
expression scale involved the following ratings: O for
specimens whose staining was weak in <5% of the cells
per field of view; | for those whose staining was weak
in 5% to 75% of the cells per field of view, or strong in
5% to 30% of the cells; 2 for those whose staining was
strong in 30% to 75% of the cells, or weak in >75% of
the cells; and 3 for those whose staining was strong in
>75% of the cells (in the immonohistochemical staining
with the BMP-2 specific antibody).

In order to investigate the correlation between the
level of BMP-2 expression and type of tumour, the
Fisher's exact test was used. At a second stage, in order
to find out whether the patient’s age and sex have any
impact on the above correlation, ordinal logistic regres-
sion models were used, while the corresponding odds
ratio (OR) and the 95% confidence interval (Cl) were
also evaluated. Any differences in terms of age between
the two groups of patients were examined by t-test,
while x2 test was used for their sex. These tests were
carried out on a a=5% level of significance and were
bilateral.

RESULTS

In the epidemiological analysis, it was discovered that
there is a statistically significant difference in the
patient’s age and sex in relation to the tumour's type.
Thus, a higher percentage of men (68%) of older ages
(mean age of 57.6) were Warthin tumour patients.

Regarding the findings of the immunohistochemical
staining, both Warthin tumours and pleomorphic ade-
nomas express BMP-2, and in fact intra-cellularly.
Among the Warthin tumours, we identified one speci-
men that was classified as category O on our BMP-2
expression rating scale; 4 specimens that were classified
as category |; 18 as category 2; and 22 as category 3 (in
a total of 45 specimens). Among the pleomorphic ade-
nomas, we identified 26 specimens that were classified
as category 0; |3 as category |; 9 as category 2; and 2
as category 3 (in a total of 50 specimens) (Table 2).

Statistical analysis results: A statistically significant corre-
lation was found between the tumour's type and BMP-
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Mivakag 2

JTATIOTIKA HeAETN oUyKplong Tou Babuou ékppaong e BMP-2 oe kuotadevoleupwuata Warthin

Kal TAEIOpopPa adevauata

Warthin MAei6popPo adévwpa
N (%) p-value* OR (95% Cl)**
BMP
0 1(2,2) 26 (52,0) < 0,001 69,3 (18,2 - 264,3)
1 4 (8,9) 13 (26,0)
2 18 (40,0) 9 (18,0)
3 22 (48,9) 2 (4,0)
>UvoAo 45 (100,0) 50 (100,0)

*Fisher’s exact **Warthin vs Pleomorphic, eAéyxovrag yia nAkia kat @UAo (ordinal logistic regression)

Table 2

Statistical comparative study of the level of BMP-2 expession in Warthin cystadenomas

and pleomorphic adenomas

Warthin MAei1dpop@o adévwpa
N (%) p-value* OR (95% Cly**
BMP
0 1(2.2) 26 (52.0) < 0.001 69.3 (18.2 - 264.3)
1 4(8.9) 13 (26.0)
2 18 (40.0) 9 (18.0)
3 22 (48.9) 2(4.0)
Total 45 (100.0) 50 (100.0)

*Fisher’s exact **Warthin vs Pleomorphic, adjusted for age and sex (ordinal logistic regression)

katnyopia 0, 13 oty |, 9 oty 2 kai 2 otnv katnyopia
3 (otvoho 50 &efypara) (Mivakag 2).

Anotehéopata otatotikrig avdiuong: [NapatnpriBnke
OTATOTKA ONUAVTIKY] CUOXETION Tou TUTTOU GYKoU HE
Tov Babud ékppaonc tng BMP-2 kabug diamotwbnke
ot oe oykoug Warthin, n BMP-2 ekppdletal oe peya-
ANitepo Pabud and du oe mAsidpoppa adevauarta.
Metd and Si6pbwon (adjustment) yia @UAo Kkar nAikia
ektpriBnke 6t oe acBeveic pe dyko Warthin ta kitta-
pa Tou Oykou efxav TEPIToU 69 QOPEG peyaAitepn
mbavétnta (odds) va ekppdlouv tnv BMP-2 oe peya-
ANitepo BaBud oe oxéon pe toug acBevelq pe TAeId-
popgpo adévwpa (OR 69,3) (Mivakag 2, Tpdenua |).
Emopévwg, o Pabudc éxkgpaong g BMP-2 otoug
Sykoug Warthin @alvetal va eivar onpavtkd ugnAdte-
po¢ amé éu ota mheidpopea adsvapata (MMivakag 3).

2YZHTHZH

Mapatnprioape onpavtky ékppaon tg BMP-2 ot
APEATEPOUG TOUG GYKOUG HE OTATIOTIKG Onpaviikd
upnAdtepn gxppaon otoug dykoug Warthin og oxéon
pe mAeidpopea adevipatd. Autd To elpnua KAAUTTTEl
10 PIPNOYPa@IKS Kal EPELVNTIKG KEVO TIPONYOUHEVWY
HEAETWY, dTTou éxel TapatnenBel uPnAf ékppacn BMP-
2 oe TAeIbpopea adevwuata aMd xi kal oe dAAOUG
Oykoug olehoydvwv adévawy, av kal €xel HeAetnOel oe
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2 expression level, as it was discovered that BMP-2
expression is stronger in Warthin tumours than it is in
pleomorphic adenomas. After adjustments for age and
sex, it was found that in Warthin tumour patients the
tumour's cells were 69 times likelier (odds) to express
BMP-2 than they were in patients with pleomorphic
adenomas (OR 69.3) (Table 2, Graph |). Thus, the
level of BMP-2 expression in Warthin tumours appears
to be significantly higher that in pleomorphic adenomas
(Table 3).

Mivakag 3
Babuog ékppaong mg BMP-2 oe dykoug Warthin
Kal TAEIOpoppa adevipara

TumorType 0 1 2 3

Warthin 1 4 18 22

Pleomorphic 21 13 9 2
Table 3

BMP-2 expression level in Warthin tumours
and pleomorphic adenomas

TumorType 0 1 2 3
Warthin 1 4 18 22
Pleomorphic 21 13 9 2



30

Fpaepnua 1/Graph 1

Katavour] ykwv mapwtidog 2%

TOU OelyaTog TG HEAETNC
avdloya e o fabud
€kppaong e BMP-2

ard Ta KUTTapa TWV OYKWY
/Parotid tumour

distribution of the study’s
sample according to the
level of BMP-2 expression

by tumour cells
49%

WMo M| 2 3 Warthin

oxéon pe kakorBeig dykoug (kuotadevokapkivwpd,
adevokapKivwpa, puoemOnAiakd kapkivwuatd, Paciko-
KUTIapIkd kapkivopata) (Zhao kai ouv. 1998) ald oxi
og oxéan pe dMoug kahoriBeig dykoug OTTwG o OYKOG
Warthin. ‘Epxetar emiong oe aviiBeon pe v apxikn
gpELVNTIKY UMTOBEON TNG HEAETNG auTrg, kabwg n umd-
Beor| pag rAtav 6t ta mieidpopea adevwyard, Pe T
o emBeTKY oUPTTEPIPOPd TOUG OTTWG TNV ETTEKTACH
TOUG O€ VEITOVIKOUG 10TOUG [ TNV TIPooekBoAr Yeudo-
modiwv, Ba mapouoialav uPnASTEPN E€KPPAon NG
BMP-2 oe oxéon pe ta kuotadevoheppwpata. Oa
pmopoloe maviwg va BeswpnBel mwg n uPnAdtepn
ékppaon BMP-2 og dykoug Warthin e oxéon pe 1q,
duvnikd kakonBn, Teidpoppa adevouata emeKteivel
1a d0a PEXPI TWPA €xouv Tiapouoiactel ot BiBAio-
ypapia, émou Sev TAPATNPEEITal ONUAvTKy E€KeEAcn
BMP-2 oe kakorBeig dykoug olehoydvwy adévwvy. Ermi-
TAéov, Ta TAeIdop@a adevmpata TIapoucidlouv uyn-
Aotepn ékppaon BMP-2 and guoiohoyikd 10T6 olgho-
yovwv adévwv (Kusafuka kar ouv. 1998) aM@ kar maN
Aefmouv atoixeia yia olykpion pe dykoug Warthin.
Onwg avapépbnke, ota meidgopea adevwpata €xel
Siammotwbel n ékppaon BMP-2, oe avtibeon pe dMoug
OyKoug Twv olehoyovwy adévwv (Zhao kai ouv. 1998).
Ta m\eidpoppa adevopata ekppdlowv BMP-2 oe
peyaAUtepo Babud amd guaoioloyikd 10T olehoydvwy
abévwv Tou ouvodeudtav and augnuévn Exkppaon
KoMaydvou timou 2 1} oxnuatopd xovopivou 1oTou.
Avoooiotoxnpikd, n BMP-2 aveupioketal kuping ota
TpoToToINpEVa puoemBnhiakd kittapd yUpw amnod Tig
TIEPIOXEG PE xOvOpIvo 10T6 Kal tn Bacikd pepPpdvn
(Kusafuka kar ouv. 1998). H ékppacr| tng oe mheid-
HOP®PA AdEVHNATA CUHPWVES [E TA ATOTEAEONATA TNG
€peuvdg pag, ota ormoia Opwg mpootiBetal n akdua
IoxupdTEPN €k@paon g BMP-2 oe dykoug Warthin.
‘Exer emiong avapepBel kar moootkr oxéon avdueoa
otV ékppacn BMP-2 kai to oxnuatiopd xovopivou
1otoy, av Kal éxel apatpendel ékppaon BMP-2 kai oe
mAeidpop@a adevapata émou Sev SIAMOTWVETAl TTAPOU-
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9% 4%
(e}
18%
52%
40%
26%
MAeiépop@o adévwpa/Pleomorphic Adenoma
DISCUSSION

Significant BMP-2 expression was observed in both
tumours, with Warthin tumours displaying statistically
significantly higher expression than pleomorphic ade-
nomas. This finding fills in a gap in the literature and
research of previous studies, in which high BMP-2
expression had been observed in pleomorphic adeno-
mas, but not in any other salivary gland tumours, even
though it had been studied in relation to a number of
malignant tumours (cystadenocarcinoma, adenocarci-
noma, myoepithelial carcinomas, basal cell carcinomas)
(Zhao et al. 1998), but not in relation to any other
benign tumours, such as the Warthin tumour. This find-
ing also contradicts the initial research hypothesis of
our study, ie. that pleomorphic adenomas, with their
more aggressive behaviour (e.g. their tendency to
expand into adjacent tissues by means of pseudopods),
would display higher BMP-2 expression than cystade-
nolymphomas. It could however be argued that the
higher BMP-2 expression of Warthin tumours com-
pared to — potentially malignant — pleomorphic adeno-
mas is a finding that complements what has previously
been reported in the relevant literature, where no sig-
nificant BMP-2 expression is observed in malignant sali-
vary gland tumours. Moreover, pleomorphic adenomas
display higher BMP-2 expression than normal salivary
gland tissue (Kusafuka et al, 1998), however there is still
a lack of data for comparisons with Warthin tumours.

As mentioned above, BMP-2 expression has been
observed in pleomorphic adenomas, but not in other
salivary gland tumours (Zhao et al. 1998). Pleomorphic
adenoma expresses a higher level of BMP-2 than nor-
mal salivary gland tissue, which is accompanied by
increased type 2 collagen expression or cartilage tissue
formation. Immunohistochemically, BMP-2 is mostly
found in the modified myoepithelial cells around carti-
lage tissue areas and the basement membrane (Kusafu-
ka et al, 1998). Its expression in pleomorphic adenomas
is confirmed by the findings of our research, which
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ofa xévdpivou iotou oto TapdokeUaopa (Zhao kai ouv.
1998). IMBavoroyeftar du n ékppacn BMP-2 endyer tv
miapaywyr] koAMaydvou tirnou 2 Kai AGMwv TTapayoviwy
émwg yAukolapivoyAukdveg Tou armoteAolv ouotatikd
e egwkuttdpiag BepéNag ouoiag twv xovopoeldwv
OXNUaToPWV ota Mheidpopea adevopata (Zhao kai
ouv. 1998). Avagépetal emiong mwg of BMPs mou exikpi-
vovtal amé KUTtapad Twv TMAEIdpop@wy adevwpdtwy dia-
SpapatiCouv onpavtikéd POAO OTO OXNPATIOPO TOU XOV-
Spoeldolg aToixeiou Tou OyKOU TIPOKAAWVTAG TN HETa-
TEOTT TWV HUOETIONNIGK®Y KUTTAPWY 8 XOVOPOKUTIa-
pa (Hatakeyama kai ouv. 1994). >ta mieidpoppa ade-
VW@UAta €miong, 0 oxXNUATtopdG XovopIkoU 10ToU CUOXE-
TiCetal pe umepékppaon tou BMP amné ta veomhaopau-
K@ puoemBnhiakd kittapa (Kusafuka kar ouv. 2001).

O1 BMPs diadpapatiCouv onpavtkd péro oty dop-
QOyEvean oatitn kal xovdpivou 10tou in vivo, endyo-
VIag T S1apopoToinon Twy HECEYXUPATIKWY KUTTAPWY
og ooteoPAdoteg 1) xovdpofidotec. ‘Ero, eivar mBavod
n ékppacn BMPs amd ta kittapa tou dykou ota TiAel-
Spoppa adevipata va mpodyel To oxXNPAtopd oot
f xévdpivou 10Tol og autd amd diagoporoinon ved-
TIAQOTWV PUOETONAIGK®V KUTTAPWY O XOVOPOKUTIapd
Omwg mpokUTTtel and Melpdpata orou diamoTwveTal n
ékppaan BMPs ota meidpopea adevaparta, av kar og
rieplopiopévo apiBpd deiypdrwy (Yue kar ouv. 2000). H
HOPQOYEVETIK TIPWTElvn ek XOvopivou 1otol |
(CDMPI, cartilage-derived morphogenetic protein 1),
TIou éxel avapepBei ot maiCel onuavtikd poAo oto oxn-
paToPO XOvOpou Ot EMipUeG katd v avdrtugn,
ekpPAletal TO00 g PUOIOAOYIKS 10TO OleAoyOVwY adé-
vwv 600 Kal og TAeIdpop@a adevwpata, oe avtiBeon pe
v CDMP2, kai pdhota and ta kuPoeidry vedniaota
puoemOnAiakd kittapa yUpw amd TG TTEPIOXES XOVOPI-
vou lotol Tou adevwuatog (Kusafuka kar ouv. 2003).
EmmAéov, kar dMeg BMPs, dmwg n BMP-6 éxel mapatn-
pnBel du umepexkppdletal oe MAEIOPOPPA adevwudta
Twv pefdvav olehoydvwy adévwy, aMd éxi Kkal twv
eAacodvwy, OTIWE TNG UMEPWAG, eVw evtoTTiCetal Kupiwg
OTa Kevototm®on KUTIapd Tou XOvOpou Kal otd €0w
KUTIapa twv MOpwV Twv adevo-mopwdwyv SOPWV Twv
mheidpopewy adevwpdtwy (Kusafuka kar ouv. 1999). To
elpnpa autd Ba propouoe va katadeikvlel T oxéon
g BMP-6 pe ) diapopormoinon twv éow Kuttdpwv
TV TIOPWV Kal Twv TTopwdWY Kal adevoeidwy oxnuat-
oMWV Yevikdtepa ota TAeIdpopga adevipata. Emiong,
aoBevig €kppacn Tapdtnpeital kar ota vednAaota
HUOETBNAIGKE KUTTAPA TwV HUEOEIBWV TIEPIOXOV TWV
Oykwv, Tou mlavév oxetiCetal pe TV mapaywyr e&w-
kuttdpiag Bepéhiag ouoiag (Kusafuka kar ouv. 1999).

‘Ooov apopd otoug mepiopIopolc NG €pguvag diar-
oTWONKe ouoxEtion avdpeoa otov TUTo Tou OyKOU Kal
v NAKia aMd kar e to @UAo, kabwg peyallitepo
mocootd avdpwv (68%) Kar mo nAIKIwpEVol rtav ol
aoBevelc pe Oyko Warthin aMd dev avahibnke n
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however indicates even stronger BMP-2 expression in
Wiarthin tumours.

Additionally, it has been reported that there is a quan-
titative relationship between BMP-2 expression and
cartilage tissue formation, even though BMP-2 expres-
sion has also been identified in pleomorphic adenomas
in which no cartilage tissue is found in the resected
specimen (Zhao et al. 1998). It is speculated that BMP-
2 expression induces the production of type 2 collagen
and other factors such as glycosaminoglycans, which are
among the components of the extracellular matrix of
cartilage formations in pleomorphic adenomas (Zhao
etal. 1998). It is also reported that BMPs secreted from
pleomorphic adenoma cells play a significant role in the
formation of the tumour's cartilaginous component,
causing myoepithelial cells to differentiate into chon-
drocytes (Hatakeyama et al. 1994). Moreover, in pleo-
morphic adenomas, the formation of cartilage tissue is
associated with BMP over-expression from the neo-
plastic myoepithelial cells (Kusafuka et al. 2001).

BMPs play a significant role in the in vivo morphogene-
sis of bone and cartilage tissue, leading to the differenti-
ation of mesenchymal cells into osteoblasts or chon-
droblasts. Thus, it is likely that BMP expression from
tumour cells in pleomorphic adenomas promotes the
formation of bone and cartilage tissue in them, through
the differentiation of neoplastic myoepithelial cells into
chordocytes, as has been observed in experiments
where BMP expression is identified in pleomorphic ade-
nomas, despite the small number of specimens involved
(Yue et al. 2000). Cartilage-derived morphogenetic pro-
tein | (CDMPI), which had been reported to play a sig-
nificant role in cartilage formation in rats during devel-
opment, is expressed in both normal salivary gland tis-
sue and pleomorphic adenomas, in contrast to CDMP2,
and, more precisely, its expression originates from the
cuboidal neoplastic myoepithelial cells around the carti-
lage tissue areas of the adenoma (Kusafuka et al. 2003).
Moreover, it has been observed that other BMPs, such
as BMP-6, are also over-expressed in pleomorphic ade-
nomas of the major salivary glands, but not of the minor
ones, such as those of the palate, while they are mostly
found in the lacunae of the cartilage and the inner cells
of the pores in the adeno-porous structures of pleo-
morphic adenomas (Kusafuka et al, 1999).

This finding could indicate a relationship between BMP-
6 and the differentiation of the inner cells in the pores
and, generally, the porous and adenomatous forma-
tions of pleomorphic adenomas. Moreover, a weak
expression is also observed in the neoplastic myoep-
ithelial cells of the myxoid areas of tumours, which is
probably associated with the production of extracellu-
lar matrix (Kusafuka et al. 1999).

Regarding the limitations of this study, a correlation was
discovered between the type of tumour and the
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ékppaon BMP-2 oe oxéon pe tv nAikia | To @UAo,
mapd tadta ta dedopéva autd Aebnkav umdyn otnv
avdh\uon kal Ta amoteAéopdra TG oUyKpiong TG
ékppaong BMP-2 otoug 8o tumoug dykwv d10p0wbn-
Kav wg TIPOG TV NAIKia kar to @uho. Emiong, dev peie-
™Onke n ékppaon g BMP-2 oe oxéon pe ta khvikd
XAPAKTINPIoTIKA Twv Oykwv (péyebog, emBetikdtnta,
UTTOTPOTTH, TIPOEAEUDN amd EelCoveg 1 eAdOOOVEG Ole-
Aoydvoug adéveq).

2YMIMEPAXMATA

H enidpaon ¢ ékppaong tng BMP-2 otnv avdrmuén
kal atov kaBopiopd g PIoAoyIKAG CUPTTEPIPOPAG TwV
KahonBwv Sykwv NG TapwTIO0G eAAXIOTA €Xel HEAETN-
Bel ot S1Ebvr) BiBAoypapia. Me Bdon ) peAétn pag
katadeikvietal oaerg mapaywyry BMP-2 amé ta veo-
mAaopatikd kittapa oe kuotadevorépowpa Warthin
kabw¢ kar oe Meidpoppa adevwpara. Emiong, and ta
anoTeNéopata TG HEAETNG pag TpokUTel oagrg dia-
@opd oto Babud ékepaong tng BMP-2 avdpeoa otov
Syko Warthin kai oto mheidpop@o adévwpa, Je Ta kUt
Tapa twv TAsidpopewv adevwpdtwy va éxouv 69
@OPEG  peyaUtepn mBavdtnta (odds) uynAdtepnc
ékppaong BMP-2 ané éu kittapa twv dykwv Warthin.
Ta anoteAéopata autd gaivetar va pnv empeBaiwvouy
NV dpxikr epeuvnTiky umdBeon mwg o Babudc ékppa-
ong BMP-2 Ba rtav peyalitepog ota mAeidpopea
adevwpata mou Tapoucidouv o eMOeTKY oUUTEQI-
©opd WG TIPOG TNV EMEKTACH] TOUG OTOUG YUPW I0TOUG
pe Vv mpoekPold Yeudomodinwv o ox€on e TOUG
Sykoug Warthin.

Koivetal amapaftntn n ouvektiynon twv anote\ecpd-
TWV AQUTQV JE TA aVTIOTOIXa ATTOTEAECHATA EAEYXWY OE
dMoug kalorBeig kar kakorBeig dykoug Twv TapwTi-
Swv Kkal Twv olehoyOvwy adévwy VevikOTepd WOTE Vd
Sieukpiviotel 0 pdhog g BMP-2 kal tng oxéong tou
BaBpou ékppacrc ™ng He v Pioloyikd oupmepipopd
TV OYKWV autwyv, KaBWG Kal TEPAItéPw HEAETES via
avayvopion Tou pdAoU TG OtV Hopoyéveon kai dia-
@OPOTIOMON TwWV OYKWV O POPIakd eMimedo Kal TG
OUOXETIONG TNG e auEnuévn Kivukdtnta kar Olelodu-
TKSTNTA Twv KUTIdpwV Twv OyKwv oTa TAdIoId NG
aMnAenidpaong oTpwPatog — UMOCTPWHATOG.
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