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Resumo

O crescimento tumoral esta diretamente relacionado com a neovascularizagao, a
qual decorre do desequilibrio entre os fatores pré-angiogénicos e anti-angiogénicos,
secretados pelas células neoplasicas. O fator de crescimento endotelial vascular
(VEGF) desempenha papel chave na angiogénese tumoral, estimulando a
proliferacdo, migracdo e sobrevivéncia das células endoteliais. Atua através da
ligacdo a receptores tirosina quinase especificos: VEGFR-1/Flt-1, VEGFR-2/KDR e
VEGFR-3. O aumento da expressdo do VEGF e de seus receptores tem sido
associado a progressao, metastatizacdo e pior prognostico em diversos tumores
malignos. A compreensdo das vias moleculares que envolvem o mecanismo de
inducdo da angiogénese tumoral por fatores de crescimento como o VEGF
aumentam as possibilidades de novas terapéuticas a serem utilizadas no tratamento
de tumores malignos humanos. Evidéncias indicam um importante papel do VEGF
nas neoplasias da tiredide e a utilizacdo de inibidores do VEGF ou de seus
receptores pode constituir um importante recurso terapéutico, ja tendo sido utilizado
em determinados tipos de tumores humanos. O presente artigo tem como objetivo
fazer uma revisdo da atuacdo do VEGF no crescimento tumoral com enfoque nas

neoplasias malignas da tireoide.
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Abstract

The neoplasic process is directly related to neovascularization, an imbalance
between pro-angiogenic and anti-angiogenic factors. The vascular endothelial growth
factor (VEGF) plays a key role in tumor angiogenesis, stimulating proliferation,
migration and survival of endothelial cells. VEGF acts through binding to specific
tyrosine kinase receptor: VEGFR-1/Flt-1, VEGFR-2/KDR and VEGFR-3. Increased
expression of VEGF and its receptors have been associated with progression,
metastasis and worse prognosis in human malignant tumors. Understanding
molecular pathways of tumor angiogenesis related to growth factors such as VEGF is
a crucial step on developing new treatment options. Evidence indicates an important
role of VEGF in thyroid cancer and inhibition of VEGF or its receptors may constitute
an important therapeutic resource, particularly for those patients with metastatic
diseases. This aim of this article is to review the role of VEGF in tumor growth,

focusing on thyroid malignancies.
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Introducao

A angiogénese constitui um importante mecanismo no desenvolvimento
tumoral, sendo responsavel pelo aporte nutricional as células neoplasicas em
proliferacéo e estabelecendo condi¢des favoraveis para a disseminacdo metastatica.
E um processo complexo com Varios estagios que envolvem o remodelamento da
matriz extracelular, migracdo e proliferacdo das células endoteliais, diferenciacao
capilar e anastomose (1,2).

Véarias moléculas estimuladoras da angiogénese ja foram caracterizadas,
entre elas, o fator de crescimento fibroblastico basico (bFGF), fatores de crescimento
ligados a heparina, o fator de crescimento derivado das plaquetas (PDGF), fatores
de necrose tumoral alfa e beta (TNFa e TNFR) e fator de transformacéo de
crescimento alfa (TGFa). Dentre todos estes, destaca-se o fator de crescimento
endotelial vascular (VEGF), um potente mitbgeno envolvido na angiogénese. Sua
atuacao parece estar relacionada com a regulacédo endogena deste processo (3-6).

O VEGF atua através de sua ligacao a receptores especificos do tipo tirosina
quinase (RTK), promovendo uma cascata de eventos intracelulares, que incluem a
proliferacdo, invasdo e atividade quimiotatica endotelial. Recentemente, estudos
baseados no mecanismo molecular dessas vias de ativacdo e inativacdo dos fatores
de crescimento tumoral que utilizam receptores tipo tirosina quinase tém
demonstrado uma promissora possibilidade terapéutica. O presente artigo tem como

objetivo fazer uma revisdo da atuacdo do VEGF no crescimento tumoral com

enfoque nas neoplasias malignas da tiredide.
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Angiogénese: caracteristicas gerais

A angiogénese € definida como a formacdo de novos vasos sangulineos a
partir de vascularizacdo pré-existente (7), sendo um evento essencial para o
desenvolvimento normal e a homeostase dos tecidos. Em condic¢des fisiologicas atua
na embriogénese, no desenvolvimento tecidual, na ovulacdo, na formacéo do corpo
liteo e no processo de cicatrizacdo (8,9). A angiogénese patologica, por sua vez,
ocorre em uma variedade de transtornos, sejam eles caracterizados por
neovascularizacdo, como observado na retinopatia proliferativa, degeneracao
macular relacionada com a idade, artrite reumatoide, psoriase, diabetes mellitus,
crescimento tumoral e disseminacdo metastatica (10,11). A angiogénese contribuiria
para o processo metastatico facilitando o desprendimento de células neoplasicas no
interior dos vasos sanguineos neoformados. Estima-se que 4 % da superficie
vascular intratumoral seja ocupada por células malignas, formando os chamados
“vasos mosaico”. Cerca da metade dessas células se desprenderia para a
circulacao, resultando descamacéo de até um milh&do de células por grama de tumor
por dia (12,13). Em contraste com o processo ordenado, regulado e autolimitado da
vascularizacdo normal, a angiogénese patologica € um processo onde a
multiplicacéo vascular ocorre de modo descontrolado e continuo.

O pesquisador Judah Folkman foi um dos pioneiros a sugerir, ha década de
setenta, que o crescimento dos tumores seria angiogénese-dependente. O proprio
tumor induziria neoangiogénese por produzir fatores pro-angiogénicos. Prop6s ainda
a importante participacdo do desenvolvimento da microcirculagdo no processo de
crescimento tumoral. As idéias de Folkman se baseavam em estudos de um

pequeno numero de investigadores, como Algire e Chalkley (1945) (14), Greenblatt,
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Shubik (1968) (15) e Warren (1966) (16) que atribuiam a angiogénese o pré-requisito
para o crescimento neoplasico.

Numerosos estudos realizados ao longo das dltimas duas décadas
demonstraram fortes evidéncias de que a modificagdo do padrdo de crescimento
tumoral € dependente do desenvolvimento de uma neovascularizacdo especifica,
gue ocorre em decorréncia de diversos fatores locais estimuladores da angiogénese
(17). Entre esses, destacamos o fator de crescimento fibroblastico (bFGF), um dos
mais potentes peptideos angiogénicos conhecidos, que apresenta importante
atividade mitogénica e quimiotaxica para células endoteliais, fatores de crescimento
ligados a heparina, fator de crescimento derivado das plaquetas (PDGF), fator de
necrose tumoral alfa e beta (TNFa e TNF3), moléculas de adesdo como integrinas e
caderinas, fator de transformacéo de crescimento alfa (TGFa), interleucinas 1, 6 e 8
(IL-1, IL.-6 e IL-8), fator de crescimento endotelial vascular (VEGF),
metaloproteinases (MMPs), fator indutor de hipoxia (HIF), ciclooxigenase 2 (COX 2)
e as angiopoietinas 1 e 2 (ang-1 e ang-2) (4,5). Estes fatores sao liberados pelas
células tumorais, células endoteliais ou pela matriz extracelular.

O estimulo angiogénico € acompanhado da supressao dos inibidores locais
da angiogénese, denominados fatores anti-angiogénicos, que protegem o endotélio
vascular do estimulo proliferativo. Varios sdo esses fatores ja descritos: fator
plaquetéario 4 (PF4), fator de transformacéo de crescimento beta (TGF-f), inibidores
teciduais das metaloproteinases (TIMP-1, TIMP-2 e TIMP-3), interferon alfa (a-IFN),
prolactina (fragmento 16 kDa), angiostatina (fragmento 38 kDa do plasminogénio),

trombospondina-1 (TSP-1), interleucina 10 (IL10) e endostatina (9).
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Dentre todos os fatores envolvidos na angiogénese, o fator de crescimento
endotelial vascular (VEGF) desempenha um papel essencial tanto nos processos

fisiolégicos como patoldgicos.

Fator de crescimento endotelial vascular (VEGF)

O VEGF é membro de uma familia de citocinas que exercem func¢des criticas
na angiogénese fisioldgica e patologica e na linfangiogénese (18). Estudos iniciais
descreveram a purificacdo parcial de uma proteina capaz de induzir permeabilidade
vascular em pele de cobaia (19). Essa proteina foi nomeada fator de permeabilidade
vascular (VPF) e foi apresentada como reguladora especifica de permeabilidade de
vasos sanguineos tumorais.

Em 1989, Ferrara e cols. relataram a purificacdo e sequenciamento de um
mitégeno de célula endotelial especifico que chamaram de fator de crescimento do
endotélio vascular (VEGF). No mesmo ano, Connolly e cols descreveram a
clonagem do cDNA do VPF (4). Estudos subsequentes demonstraram que VEGF e
VPF eram a mesma molécula. No final da década de 80, o VEGF foi caracterizado
como um fator potente para a proliferacdo vascular, difusivel e especifico para
células do endotélio. Essas definicdes conduziram a hipotese de que esta molécula
desempenharia um papel impar na regulacédo do crescimento vascular, fisiologico ou
patolégico (4).

O VEGF pertence a um grupo de glicoproteinas diméricas da qual fazem parte
o fator de crescimento placentario (PGF), VEGF-A, VEGF-B, VEGF-C, VEGF-D,
VEGF-E VEGF-F (18,20,21) (Figura 1). Eles compartilham uma estrutura comum de
oito residuos de cisteina no dominio de homologia do VEGF. Destes, o VEGF-A, ou

apenas VEGF, é o fator mais bem estudado e compreendido (22). Essa glicoproteina
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€ expressa em diversas isoformas a partir de splicing alternativo VEGF121, VEGF14s,
VEGFi65, VEGF139, € VEGF,06. Entre essas, as principais sdo VEGFi2; € VEGFies
(6). A ativacdo do VEGF desencadeia diversas rotas de sinalizacao intracelular que
resultam em proliferacdo, sobrevivéncia, mitogénese, migracdo e diferenciacdo das
células endoteliais, assim como sua atuacdo no aumento da permeabilidade
vascular (23). A transcricdo do RNAmM do VEGF pode ser induzida pela secrecao de
diferentes fatores de crescimento e citocinas, incluindo, PDGF, EGF, TNF-a, TGF-a

e IL-1.

VEGFA-121 VEGFA-165

VEGF-E VEGF-C

VEGF-B PIGF /

Membrana

Dominio Plasmatica
tirosina

quinase
VEGFR1 VEGER 2 VEGFR 3

(Fit-1) (FIk-1/KDR) (Fit-4) Célula
endotelial

Permeabilidade vascular d
MAPK Migracado

/ Sobrevivéncia

Proliferacédo

Figura 1: Representacdo esquematica da ligacdo das diferentes moléculas do VEGF
a seus receptores e ativacdo das diferentes rotas bioquimicas envolvidas no
processo angiogénico.

O VEGF induz a angiogénese atuando diretamente nas células endoteliais ao
se ligar e ativar receptores de membrana pertencentes a familia de receptores

tirosina quinase. Eles sdo conhecidos como VEGFR-1 (fms-like tyrosine kinase 1 ou
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Flt-1) (24), VEGFR-2 (fetal liver kinase, Flk-1 ou KDR) e VEGFR-3 (fms-like tyrosine
kinase 4, Flt4) (5). VEGFR-1 e VEGFR-2 séo expressos nas células do endotélio
vascular. VEGFR-2 e VEGFR-3 sdo o0s principais receptores da sinalizacdo nas
células endoteliais dos vasos sanguineos e linfaticos, respectivamente. Além
desses, também atuam como receptores para alguns membros da familia VEGF as
neuropilinas 1 (NRP-1) e 2 (NRP-2) que séo receptores para semaforinas (proteinas
de membrana que agem no crescimento do cone axonal) (22).

Estes receptores tém diferentes propriedades fisicas e bioldgicas e possuem
atividade tirosina quinase (TK). As proteinas tirosina quinase (PTK) sdo enzimas que
catalizam a transferéncia do grupo fosfato da adenosina tri-fosfato (ATP) para
residuos tirosina de outras proteinas ou polipeptidios (25), um processo denominado
fosforilacdo. Essas enzimas sdo importantes mediadoras no processo de transducao
do sinal, levando a proliferacdo, diferenciacdo, migracdo, metabolismo e morte
celular programada. A fosforilacdo dos residuos tirosina nas proteinas alvo é
essencial para manutencdo da homeostase celular. PTKs formam uma diversificada
e extensa superfamilia de proteinas, que incluem os receptores transmembrana
tirosina quinases (RTK) e enzimas citoplasmaticas, também conhecidas como néao-
receptor tirosina quinases (NRTK). Os RTKs possuem uma estrutura similar: um sitio
de ligacédo extracelular, uma regido transmembrana, e uma porcao citoplasmatica

contendo um dominio tirosina quinase (25).

Mecanismo de Acao
A ativacao dos receptores tirosina quinase é tipicamente iniciada pela ligacao
da molécula ativadora (por exemplo, horménio ou fator de crescimento) no sitio

especifico do dominio extracelular do receptor. Esta ligacdo induz uma dimerizacéo
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dos receptores, resultando na autofosforilacdo dos residuos tirosina dentro do
dominio citoplasmatico, onde o primeiro substrato deste dominio vem a ser o proprio
receptor (26).

No entanto, os mecanismos moleculares pelos quais o VEGF promove a
angiogénese nao foram ainda totalmente desvendados. A ligacdo do VEGF aos seus
diferentes receptores inicia diferentes vias de sinalizacéo intracelular. Esta ligacéo
leva a dimerizacdo do receptor, uma autofosforilacdo de residuos tirosina que
conduzem a ativacdo da transducédo de sinal de moléculas como fosfolipase Cy
(PLCy), fosfatidilinositol 3'-quinase (PI3K), proteina quinase B (Akt/PKB), Ras,
tirosina-quinases coativadoras de receptores esteroidais (Src) e da proteina quinase
ativada por mitégeno (MAPK). A ativacdo de fosfolipase Cy (PLCy) leva a liberacéo
de célcio (Ca®") e ativacdo da proteina quinase C (PKC). Essa, por sua vez, estimula
as vias Raf/MAPK/quinase regulada por sinal extracelular (ERK) que aumentam a
proliferacdo celular. A mobilizacdo de Ca** e a ativacdo de PKC s&o a chave da
sinalizacado da permeabilidade vascular induzida pelo VEGF através da ativacao da

atividade endotelial da sintese do 6xido nitrico (5,6) (Figura 1).

VEGF e Crescimento tumoral

O processo de progressao tumoral, da geracdo de uma célula neoplasica ao
estabelecimento de metastases a distancia, caracteriza-se por alteracdes
cumulativas no material genético das células em transformacéo. Essas alteracdes
sdo traduzidas, por exemplo, na perda do controle sobre a divisdo celular, na
imortalizacdo e na aquisicdo da capacidade invasiva (10,27).

A idéia de que o processo neoplasico seria dependente de neovascularizacao

iniciou-se na década de 60. Experimentos demonstraram que apesar das
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anormalidades genéticas que promovem o crescimento tumoral, a sobrevida das
células neoplasicas dos tumores soélidos ndo seria possivel a partir do diametro de 2
a 3 mm nédo fosse a ativacdo angiogénica. Até este diametro os tumores recebem
oxigénio e nutrientes por difusdo simples dispensando a irrigagcdo por vasos
sangilineos proprios. A partir deste tamanho, na auséncia de vascularizacéo
neoformada, o tumor deixa de crescer e ocorre morte celular induzida pela hipoxia e
pela formacao de oxido nitrico (10,23). Em 1971, Folkman e cols. difundiram o termo
angiogénese para homear 0 processo complexo em gque sédo formados novos vasos
sanguineos a partir de uma rede vascular pré-existente. Eles isolaram um fator em
tumores humano denominado tumor angiogenesis factor (TAF) que demonstrou
atividade mitogénica as células endoteliais, estimulando a rapida formacéo de novos
capilares. Estas observacfes propuseram que a angiogénese seria um pré-requisito
para o crescimento neoplasico e ndo um efeito colateral deste (28). Assim surge a
idéia de que o TAF seria um elemento produzido pelas células tumorais e que a sua
inativacdo poderia ter grandes aplicacbes terapéuticas. A angiogénese associada
aos tumores solidos seria um processo em que novos capilares sdo formados no
estroma tumoral a partir de células endoteliais do hospedeiro (28). Uma vez
deflagrada a angiogénese, o suprimento adequado de oxigénio e nutriente permitiria
0 crescimento e a invasao tumorais (29).

Evidéncias sugerem que a angiogénese nao sO pode assegurar o crescimento
tumoral pelo suprimento de mais nutrientes, mas também pode agir através de
efeitos paracrinos das células endoteliais (9). As células endoteliais liberam fatores
de crescimento que induzem a proliferacdo celular tumoral, sugerindo uma interacéo

entre as ceélulas tumorais e as células endoteliais, na qual as primeiras liberam
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substancias que estimulam as ceélulas endoteliais e, em troca, essas liberam
substancias que promovem o crescimento do tumor (27).

A expressdo do fenodtipo angiogénico, a partir de um subgrupo de células
tumorais, demarca duas fases do desenvolvimento neoplasico: pré-vascular (1) e
vascular (2).

1. A fase pré-vascular é caracterizada pelo diametro restrito do tumor (entre 2
a 3 mm) e limitacdo da populacdo celular (< 10° células). A populacdo celular é
mantida por difusdo de 0, e nutrientes através do espaco extracelular. A auséncia de
angiogénese impede a expansdo do carcinoma in situ ou das micrometastases
quiescentes, independente da capacidade de replicacao celular — ha um equilibrio
entre a proliferacdo e apoptose celular. Estas lesdes sdo assintomaticas e
clinicamente indetectaveis (28).

2. A fase vascular caracteriza-se pela formacdo de novos vasos capilares e
rapida proliferacédo celular neoplasica (30). O crescimento neoplasico requer novos
capilares e a perfusdo passa a ser 0 mecanismo de aporte de oxigénio, nutrientes e
via de eliminacdo de metabdlitos. A maioria dos tumores torna-se clinicamente
detectavel somente apds a neovascularizacao.

Durante a atividade angiogénica tumoral, um ou mais fatores pro-
angiogénicos sao liberados pelas células tumorais, difundindo-se através dos tecidos
e, alcancando a rede vascular adjacente, desencadeando uma sequéncia de
eventos. As etapas da angiogénese envolvem vasodilatacdo e aumento da
permeabilidade vascular em resposta ao 6xido nitrico e ao VEGF, degradacéo da
membrana basal por metaloproteinases, perda das juncdes entre as células

endoteliais pela acdo do fator ativador do plasminogénio, migracdo e proliferacédo
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das células endoteliais, formacdo de corddes endoteliais, formacdo de membrana
basal, maturacédo e remodelamento, recrutamento de células periendoteliais (31).
Varios mecanismos levam a inducdo da sintese do VEGF. A expressao do
RNAmM do VEGF é altamente induzida por condi¢cfes de hipoOxia, via fator indutor de
hipoxia (HIF-1a). Esse fator de transcricdo regula a expressao de mais de 70 genes
implicados na angiogénese, na glicolise anaerdbica, na sobrevivéncia, proliferacao e
na apoptose celular (32). Baixas concentracdes de oxigénio indicam a necessidade
de vasos sanguineos adicionais para fornecer oxigénio e nutrientes aos tumores em
crescimento. O aumento da atividade do HIF-1a esta correlacionado com o grau de
angiogénese tumoral (33). De fato, o aumento da expressdo do VEGF esta
associada com a progressdo tumoral e um pior prognéstico em diversos tumores,
como os carcinomas colorretal (34), gastrintestinal, (35), de mama (36), de préstata,
de cabeca e pescoco (37,38), renal (39), de pulméao (40,41), de ovarios (42), de colo
uterino (43) e melanoma (44). Estudos recentes também descrevem a expressao

aumentada do VEGF nos tumores da tiredide (45).

VEGF e tumores da tireoide

O céancer de tire6ide, a neoplasia maligna mais comum das glandulas
enddcrinas representa cerca de 0,6 e 1,6% de todos os carcinomas que acometem
os homens e as mulheres, respectivamente (46). As neoplasias da tiredide
compreendem diferentes tipos histolégicos e caracteristicas clinicas distintas. O
comportamento biolégico destes tumores é muito variado, compreendendo formas
de baixo potencial letal até formas extremamente agressivas e de alta mortalidade.

Os carcinomas de tiredide sédo classificados histologicamente em quatro

grupos: papilar, folicular, medular e indiferenciado ou anaplasico. Os carcinomas
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papilifero e folicular, responsaveis por pelo menos 94% dos carcinomas de tiredide,
sdo considerados carcinomas diferenciados (CDT), uma vez que mantém uma
semelhanca estrutural e funcional com o tecido tireoidiano normal. O carcinoma
medular de tiredide (CMT), tumor neuroendocrino originario das células
parafoliculares, corresponde a 5% dos casos, e 0 carcinoma anaplasico que deriva
da desdiferenciacdo dos CDT é responsavel por aproximadamente 1% dos
carcinomas de tireodide (47).

O CMT tem como principal produto secretdrio a calcitonina. Apresenta-se
como tumor esporadico (75-80%) ou na forma hereditaria (20-25%) (48). Na forma
familiar, € um dos componentes de uma sindrome genética de heranca autossémica
dominante, apresentando-se isoladamente, como carcinoma medular de tiredide
familiar (CMTF) ou como parte das sindromes de neoplasia enddcrina multipla
(NEM) 2A ou 2B (49,50). O proto-oncogene RET, um acronimo para REarranged
during Transfection, foi identificado em 1985 por Takahashi e cols, e é o gene
causador do CMT (51,52). O gene RET codifica um receptor do tipo tirosina quinase,
e seu principal ligante é o fator de crescimento neurotrofico derivado de células da
glia (GDNF, glial cell-derived neurotropic growth factor). O complexo ligante-receptor
interage com o RET e induz a dimerizagdo, com a consequente ativacdo da quinase,
autofosforilacdo e inicio da transducdo do sinal, que promove a sobrevivéncia
neuronal, além da diferenciacédo e da migracdo das células da crista neural (53,54).
A porcao extracelular complexa-se com co-receptores de alta-afinidade para o
glicosil-fosfatidil-inosotol (GPI), conhecidos como GFRa-1, para formar um complexo
receptor multimérico com o qual os ligantes especificos, no caso o GDNF interagem.
Mutacdes de ponto no RET provocam um efeito de “ganho de funcédo” que causam,

por sua vez, uma ativacao descontrolada da atividade TK do receptor.
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Figura 2. A proteina RET é um receptor caracterizado por 3 regides principais: um
dominio extracelular onde se d& a ligacdo com o ligante GDNF; um dominio
transmembrana; e uma porcao intracelular contendo o dominio tirosina quinase (TK).

Evidéncias demonstram que o VEGF e seus receptores possuem um
importante papel nas doencas da tiredide, ndo somente na doenca de Graves,
tireoidite, bocio, mas também nos carcinomas da tiredide (55-59). O aumento da
expressdo do mRNA e da proteina VEGF ja foram identificados nos diferentes tipos
de carcinomas da tiredide tanto in vivo quanto in vitro (3), sendo possivelmente
modulado pelo hormdnio estimulador da tiredide (TSH, thyroid-stimulating hormone)
(60). Sua expressao parece estar correlacionada com o tamanho, a propagacéao e a
recorréncia dos tumores tireoidianos (45,60,61). Em carcinomas papilares da
tiredide, por exemplo, o aumento do nivel de VEGF tem sido identificado como um

marcador de metastases a distancia (62).
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Jebreel e cols (2007) também demonstraram a expressao do VEGF e de seus
receptores, VEGFR-1 e VEGFR-2, em tumores benignos e malignos da tiredide.
Neste estudo, a distribuicdo e a intensidade do VEGF estavam aumentadas nos
adenomas foliculares e no carcinoma papilar em comparacdo com as doencas
autoimunes, como doenca de Graves e tireoidite de Hashimoto. Outros estudos
demonstram ainda que pacientes com metastases a distancia possuem niveis
séricos de VEGF mais elevados do que pacientes em remissdo, mas pacientes com
metastases locais ndo demonstram qualquer aumento dos niveis do VEGF quando
comparados a pacientes em remissdo (63,64). A expressdo do VEGF pode ainda
aumentar a expressdao de outros fatores angiogénicos como VEGF-C e
angiopoietina-2.

Dados sobre a correlacédo entre VEGF e seus receptores e o CMT ainda sao
escassos na literatura, uma vez que a maioria dos estudos com enfoque no papel do
VEGF em tumores de tiredide séo referentes aos carcinomas diferenciados. Bunone
e cols. (3) demonstram uma expressao elevada do VEGF em 50% das amostras de
CMT. Este estudo demonstra ainda que a expressdo das isoformas VEGF;.;,
VEGF145, € VEGF155 do VEGF estdo aumentadas no tumor primario sugerindo que
tumores de tiredide secretem preferencialmente as isoformas biologicamente mais
ativas. A expressdao do VEGFR-2 foi aproximadamente 70% maior quando
comparado com o tecido normal. De forma interessante, as metastases para
linfonodos de CMT apresentavam um aumento maior do VEGF quando comparado
com o tumor primario (3).

A alteracdo dos niveis do VEGF, combinada com a perda progressiva da
expressdo de inibidores de VEGF, como TSP-1, pode determinar um fenotipo

angiogénico, aumentando o potencial metastatico do carcinoma de tiredide (60).
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Andlise de amostras de CMT (3) demonstrou uma diminuicdo de 67% na expressao
da TSP-1 quando comparada com tecido tireoidiano normal. Os mesmos autores
descrevem também uma diminui¢cdo ainda mais significativa nas amostras de tecido
metastatico do mesmo tumor.

A busca de tratamentos alternativos para os carcinomas tireoidianos que nao
respondem aos recursos tradicionais como a cirurgia, a iodoterapia, a radioterapia e
quimioterapia, vem sendo intensificada na ultima década com base em novos
conhecimentos da biologia molecular destes tumores. O aumento da expressao de
varios oncogenes, a ativacdo descontrolada de receptores tirosina quinase e de suas
vias de sinalizacdo e a inibicdo da apoptose programada sao hoje conhecidas na
formacdo dos tumores, bem como na sua progressao, angiogénese e formacéo de

metastases (65).

Novos tratamentos

Ao longo das ultimas duas décadas, os mecanismos de desenvolvimento e
progressdo do cancer comecaram a ser elucidados. A ativacdo descontrolada do
receptor tirosina quinase, de moléculas sinalizadoras da cascata de sinalizacdo e a
inibicdo da apoptose sdo exemplos destas novas descobertas (66).

O desenvolvimento de anticorpos anti-VEGF e outras moléculas capazes de
inibir o sistema VEGF/receptor VEGF fornecem evidéncias diretas da participacao do
VEGF na angiogénese e crescimento tumoral. Em experimentos utilizando
anticorpos contra VEGF, Kim e cols (1993) demonstraram que um anticorpo
monoclonal especifico para VEGF inibia fortemente o crescimento de tumores a
partir de células tumorais humanas injetadas em camundongos. Embora a maioria

dos estudos tenha se concentrado na inibicdo da atividade de VEGF logo apds a
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inoculacdo das células tumorais em animais, anticorpos anti-VEGF pareceram inibir
0 crescimento e as metastases em tumores ja estabelecidos (67).

A inibicdo do VEGF via blogueio de seus receptores representa um novo
enfoque para a terapia contra o cancer, podendo ser utilizada para causar regressao
de vasos sanguineos imaturos, -caracteristicos dos tumores e reduzir a
permeabilidade vascular de modo a diminuir a pressao intratumoral, com isto
diminuindo a probabilidade de metastatizacdo. A inibicdo do VEGF sobre a
vascularizacéo tumoral, em principio, ndo afeta os vasos normais, ja maduros e que,
portanto, ndo dependem do VEGF para sua sobrevivéncia. Essas observacdes
sugerem que a inibicdo do VEGF poderia ser um enfoque terapéutico racional para
uma ampla variedade de tipos de tumores (68-70).

Estudos recentes com novas drogas, que inibem o VEGF e seus receptores
em tumores tireoidianos tém demonstrado bons resultados (71). Alguns destes
novos compostos sao inibidores multiquinase, ou seja, inibem uma variedade de
diferentes receptores tipo tirosina quinase. O RET, assim como o VEGF, tem sido o
alvo destas drogas que inibem a atividade quinase in vitro e in vivo. Entre estes,
duas pirazolo-pirimidinas, PP1 e PP2, e uma anilinoquinazolina, Vandetanibe
(ZD6474, AstraZeneca), parecem prevenir a transformacdo mediada pelo RET.
Estas novas drogas podem ser capazes de inibir a autofosforilacdo do RET/PTC e
do RET/MENZ2, bloqueando oncoproteinas, revertendo a morfologia transformada,
proliferacdo autbnoma e crescimento celular. O Vandetanibe também é um inibidor
do VEGFR-2. Carlomagno e cols (2002) demonstraram que em cultura de células e
em tumores enxertados em camundongos o Vandetanibe inibe a fosforilagdo do

oncogene RET/PTC no cancer papilifero impedindo o crescimento do tumor (72,73).
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Outros estudos clinicos que utilizam a inibicdo dos receptores tirosina
quinase, como os do RET e do VEGF, em pacientes com cancer de tiredide também
estdo em desenvolvimento. No ano de 2008 foram publicados os primeiros
resultados dos estudos clinicos baseados na utilizacdo destas novas drogas
(www.clinicaltrials.gov). Eles incluem Imatinibe (Glivec, Novartis), Gefitinibe (Iressa;
Astra Zeneca), Axitinibe (AG-013736, Pfizer), Sorafenibe (Nexavar, Bayer),
motesanibe (AMG 706, Amgen) e Sunitinibe (Sutent, Pfizer) (74).

Neste cenario, VEGF e RET parecem ser, particularmente, alvos promissores
para a terapia molecular dos carcinomas de tiredide, especialmente para o CMT,
uma vez que nao existe tratamento sistémico eficaz para a doenca metastatica

(75,76).
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ABSTRACT

Background: Vascular endothelial growth factor (VEGF-A) expression is up regulated
in the majority of human tumors, where it stimulates proliferation, migration and
survival of endothelial cells. Although studies have suggested that VEGF inhibitors
can be used as an alternative therapy in medullary thyroid carcinoma (MTC), data
about the expression of these molecules are scarce. The aims of this study were to
evaluate VEGF-A, VEGFR-1, VEGFR-2 and microvessel density (MVD) expression
in MTC samples and correlate it with clinical parameters.

Methods: paraffin-embedded MTC samples were evaluated for VEGF-A, VEGFR-1,
VEGFR-2 and MVD expression by immunohistochemistry. Clinical data were
retrospectively reviewed in medical records.

Results: Thirty-eight patients aged 34.6 (14.7-43.3 years) were enrolled. Twenty-
seven patients have hereditary disease (71.1%). VEGF-A immunohistochemical
staining was detected in 95% (36/38), VEGFR-1 in 96% (36/37), and VEGFR-2 in
91% (31/34) of MTC samples. Age at surgery was positively correlated with VEGFR-
2 (P=0.003). There was no correlation between VEGF-A, VEGFR-2 and tumor stage
(TNM). Nevertheless, VEGFR-1 was found to be inversely correlated with TNM
(P=0.034). As expected, MVD was correlated with age at surgery (P=0.005) and
tumor size (P=0.03). Interestingly, patients with the hereditary form of the disease
presented a stronger intensity for VEGFR-1 (P=0.039), whereas patients with
sporadic disease displayed higher MVD counts (44 [27-63] vs. 21 [9-49], P=0.018).
Conclusion: The VEGF-A, VEGFR-1 and VEGFR-2 immunoreactive proteins are
overexpressed in MTC lesions and might be implicated in tumor progression.
However, the prognostic value of these molecules on disease spread and outcome

remains uncertain.
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INTRODUCTION

Vascular endothelial growth factor-A (VEGF-A) plays a key role in
angiogenesis, an essential step in tumor growth. VEGF-A expression is up regulated
in the majority of human tumors, where it stimulates proliferation, migration and
survival of endothelial cells (1). VEGF-A mediates its biological effects by binding to
tyrosine kinase receptors, VEGF receptor 1, (VEGFR-1/Flt-1) and VEGF receptor 2,
(VEGFR-2/Flk-1/KDR). VEGF-A signals occur mainly through VEGFR-2, which is
highly expressed by endothelial cells. The role of VEGFR-1 is not fully understood
with respect to VEGF-mediated angiogenesis. It binds VEGF-A with approximately 10
times the affinity of VEGFR-2, but its signal-transducing properties are extremely
weak (2, 3). From a general perspective, VEGFR-2 is the main mediator of
endothelial cell mitogenesis and survival, as well as angiogenesis and microvascular
permeability, whereas VEGFR-1 acts as a negative regulator impairing VEGF-A
action by preventing its interaction with VEGFR-2 (4).

Thyroid malignancies encompass many different histotypes with varying
phenotypic characteristics which display unique clinical behaviors (5). Most thyroid
tumors arise from follicular thyroid cells. They comprise a wide spectrum of
neoplastic phenotypes, including benign adenomas, well-differentiated papillary and
follicular thyroid carcinomas as well as aggressive poorly differentiated or
undifferentiated thyroid carcinomas (1). Papillary thyroid carcinomas are thyroid
malignancies which metastasize to cervical lymph nodes, whereas follicular thyroid
cancers are more aggressive tumors, that frequently giving rise to hematogenous
metastases. Undifferentiated thyroid carcinomas are extremely aggressive tumors
which harbor a significant potential to become invasive and are almost always fatal

(6). Medullary thyroid carcinoma (MTC) is an uncommon thyroid tumor that arises
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from the parafollicular C-cells of the thyroid (7). These cancers generally have a poor
outcome and metastasize via hematogenous and lymphatic routes (6).

It was only in the past decades that VEGF-A was first positively associated
with the tumorigenic potential of thyroid cancer cell lines (8-14). In fact, several
studies have demonstrated correlations between microvessel formation, increasing
size of the primary tumor (15), intrathyroidal tumor spread (16) and disease free
survival in differentiated thyroid cancer (17). In these tumors, VEGF-A expression
appears to be correlated with higher risk of recurrence and metastasis (18).
Interestingly, in vitro studies have showed that VEGF-A secretion in thyroid cancer
cell lines could be stimulated by thyroid-stimulating hormone (TSH) (19).

Probably because of the higher prevalence, most of the data on the role of
VEGF-A in thyroid carcinogenesis are derived from differentiated thyroid tumors.
Little is known about the role of VEGF-A in the pathogenesis or clinical course of
MTC. Considering the action of VEGF-A and its receptors and its implication in
growth and metastatization of thyroid tumors, this study aimed to evaluate the
expression of angiogenic factors, VEGF-A, VEGFR-1, VEGFR-2 and microvessel
density (MVD, a measure of angiogenesis) in MTC. In addition, we have examined
the possible associations between clinical features and the expression levels of these

angiogenic factors.



MATERIALS AND METHODS

Thyroid tissue

Our sample comprised 38 specimens with histopathological /
immunohistochemistry findings of MTC obtained from patients who underwent thyroid
surgery at Hospital de Clinicas de Porto Alegre, Porto Alegre, RS, Brazil, from 1997
to 2008. Twenty-seven patients present the hereditary form of the disease.
Identification of RET germline mutations was performed by standard procedures,
described previously (20). The diagnosis of sporadic MTC was established based on
the absence of family history and known germline RET point mutations in exons 8,
10, 11 or 13-16. Clinical data were retrospectively reviewed in medical records. The
Ethics Committee at the Hospital approved the study protocol.

For patients with clinical or biochemical evidence of MTC, the surgical
procedure consisted of total thyroidectomy and at least the resection of lymph nodes
in the central zone of the neck combined with lymph node dissection of both
cervicolateral compartments. For asymptomatic gene carriers with no abnormalities
at cervical ultrasom examination (US) and normal serum calcitonin levels, we
recommended prophylactic thyroidectomy. Tumor staging was performed according
to the International Union Against Cancer (UICC) tumor-node-metastasis (TNM)
classification (21).

Following our standard protocol, patients underwent a complete clinical
examination and laboratory tests [levels of basal calcitonin (Until December 2003,
Calcitonin IRMA-DSL7700, Diagnostic Systems Laboratories, Inc., Webster, TX,
reference range less than 10 pg/ml and, after January 2004, Immulite 2000,

Diagnostic Products Corporation, Los Angeles, CA, USA; reference range: male <
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12.0 pg/ml and female < 6.0 pg/ml)] and CEA (carcinoembryonic antigen, measured
with  chemiluminescence immunoassay, Immulite 2000, Diagnostic Products
Corporation, Los Angeles, CA, USA, reference range <3.4 pg/L).

The standard follow-up of MTC in our division consists of determining basal
plasma calcitonin, plasma calcium (every 6 months), and abdominal and chest
computed tomography (yearly). Patients with undetectable calcitonin levels plus

negative imaging studies are considered free of disease.

Immunohistochemistry analysis (IHC)

Immunohistochemistry was performed on thin sections (3 um) of previously
formalin-fixed and paraffin-embedded tissues. The antibodies used were polyclonal
rabbit antihuman VEGF-A (clone VG1, M7273 Dako Cytomation, Carpinteria, CA,
USA), monoclonal rabbit anti-human VEGFR-1 (VEGFR-1: #1303-1, Epitomics, Inc,
Burlingame, CA,USA) and monoclonal mouse anti-human VEGFR-2 (A-3: SC-6251,
Santa Cruz Biotechnology, Santa Cruz, CA, USA). Sections representing MTC were
submitted to routine immunohistochemical technique, which comprises
deparaffination and rehydration, antigenic recovery, inactivation of endogenous
peroxidase, and blockage of unspecific reactions. Primary antibodies were incubated
overnight at a temperature of 4°C, at dilutions of 1:400 (VEGF-A), 1:100 (VEGFR-1)
and 1:200 (VEGFR-2), followed by application of streptavidin horseradish peroxidase
conjugate (LSAB, Dako), and diaminobenzidine tetrahydrochloride (Kit DAB, Dako).
Positive controls were human tissues, skeletal muscle tissue for VEGF-A, human
placenta for VEGFR-1 and intestinal tumor for VEGFR-2, while negative control was

obtained by omission of the primary antibody.
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The intensity of VEGF-A, VEGFR-1 and VEGFR-2 staining in each lesion was
determined and quantified as grade 0 (absent -), grade 1 (weak +), grade 2
(moderate ++) and grade 3 (strong +++) based on the staining characteristics of most
of the tumor. The slides were read independently by two blinded and experienced
pathologists (L.M. and B.A.B.) who were not aware of the respective
clinicopathological data. When the two experts differed in their interpretations, they

consulted together and reached a consensus.

Microvessel density (MVD) assessment

Samples were prepared for IHC, as described above, using primary anti-CD31
antibody (clone JC70A, M0823, Dako Cytomation, Carpinteria, CA, USA). The
Chalkley point technique was used for assessment of vascular density. The most
dense vascular areas (known as hot spots) were determined at low magnification
(x40 and x100). The mean of the counts for the most angiogenic areas (hot spot) was

recorded at X400 magnification. Positive control was lung carcinoma.

Statistical analysis

Data were presented as median and interquartile interval. Mann—-Whitney’s U-
test was used to compare the angiogenic markers expression and clinicopathological
parameters. The correlation between clinicopathological and angiogenic markers was
performed by Spearman’s coefficient test. P<0.05 was considered statistically
significant. The Statistical Package for Social Science 15.0 professional software

(SPSS, Chicago, IL) was used for statistical analysis.
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RESULTS

Patients

The characteristics of the 38 patients with MTC included in this study are
shown in table 1. The patients aged 34.62 years (14.7-43.3) at the time of surgery, 24
(63.2%) were females. Twenty-seven patients had a hereditary tumor (71.1%).
Calcitonin median value was 284.5 pg/ml (37.8-994.3) and CEA (carcinoembryonic
antigen) median value was 14.6 ng/ml (1.7-44.3). Ten patients had stage | (26.3%),
most of the cases were classified as stage Il and Il (12 patients in each group,
31.6%) and 4 patients had stage IV disease (10.5%). Twenty-nine (76.3%) patients

are considered free of disease after a follow period of 5.6 + 2.6 years.

Expression of VEGF-A and VEGF Receptors in MTC

VEGF-A immunohistochemical staining was detected in 36/38 (95%) of MTC
samples; VEGFR-1 immunoreactivity was detected in 36/37 (96%) and VEGFR-2 in
31/34 (91%) of MTCs. As expected, positive immunoreactions of VEGF-A, VEGFR-1,
and VEGFR-2 were detectable in the cytoplasm of the thyroid cancer cells but rarely
in stromal cells or surrounding healthy thyroid tissue (Fig. 1A, 1B, 1C).

When we evaluated the expression of the angiogenic molecules with clinical
parameters, we observed that VEGFR-2 expression was positively correlated with
the age at surgery (r=0.490, P=0.003), whereas no correlation was found to VEGF-A
and VEGFR-1 (Fig. 2A, 2B, 2C). The expression of VEGF-A, VEGFR-1 or VEGFR-2
was not associated with tumor size (P=0.425, P=0.080, P=0.183, respectively).
Sixteen patients had lymphatic or distant metastases at the time of surgery. There

was no correlation between tumor stage (TNM) and VEGF-A or VEGFR-2, but
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VEGFR-1 was found to be inversely correlated with the stage of the disease (r= -
0.34, P=0.034, respectively) (Table 2). Nevertheless, none of these molecules were
associated with disease outcome (persistent disease or cure) after a follow up period

(P=0.882, P=0.060, P=0.236, respectively).

Microvessel density assessment

For evaluation of MVD as a measure of angiogenesis we used CD31 staining.
The pattern of CD31 antibody expression in MTC is shown in figure 3. The median
MVD for all samples was 26 microvessels/mm? (15-54). Considering clinical
parameters, age at surgery, as well as tumor size (cm) were correlated with MVD
(r=0.448, P=0.005, Fig. 2D; r=0.367, P=0.03, respectively). However, there was no
correlation between TNM and MVD (r=0.266, P=0.107; Table 2). The number of MVD
were similar between patients considered free of disease or with persistent disease
23 (10-61) vs. 27 (23-41), (P=0.770). There was no correlation between VEGF-A,
VEGFR-1 or VEGFR-2 and MVD in MTC samples (r=0.260, r=0.241, r=0.215,

respectively, P>0.05).

Sporadic and hereditary MTC tumors

Since there are both a hereditary and a sporadic form of thyroid medullary
tumors, we also analyzed both groups separately. We found no difference in the
intensity of VEGF-A or VEGFR-2 among hereditary and sporadic patients (P=0.295,
P=0.488, respectively), while patients diagnosed with the hereditary form of MTC
presented a higher expression of VEGFR-1 when compared with sporadic patients

(P=0.039). Higher MVD was found in patients with sporadic when compared to
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patients with hereditary disease (44 [27-63] vs. 21 [9-49], P=0.018, respectively)

(Table 3).
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DISCUSSION

The current study examined the expression of angiogenic factors in MTC
samples. We observed VEGF-A, VEGFR-1 and VEGFR-2 expression in more than
90% of tumor specimens. Although VEGF-A staining was not associated with clinical
presentation or tumor aggressiveness, its receptor VEGFR-2 was associated with
age at surgery whereas VEGFR-1 was found to be inversely correlated with tumor
stage. None of these molecules were associated with outcome (free of disease or
persistent disease).

The increased expression of VEGF-A indicates that an angiogenic switch in
carcinogenesis occurs with subsequent upregulation of pro-angiogenic growth factors
in order to produce de novo vascularization to supply the growing tissue (14). VEGF-
A, an important stimulator of angiogenesis, has been implicated in proliferation and
spread of different malignant tumors. Our findings showed a strong staining of VEGF-
A in MTC. VEGF-A expression upregulation has been previously reported in
differentiated thyroid tumors by in vivo and in vitro studies (8-12, 14, 18, 22-24), but
very few reports focused on MTC. Bunone et al (5) and De laTorre et al (14)
evaluated 6 and 8 MTC samples, respectively, and showed positive immunostaining
in all samples analyzed. The higher expression of VEGF-A on MTC samples is
corroborated by in vitro study using MTC cell lines that showed a higher expression
of VEGF-A mRNA and protein than normal thyroid tissues (25).

Studies focusing on the prognostic value of VEGF-A expression in
differentiated thyroid carcinomas have shown conflicting results. Several studies
have demonstrated increased VEGF-A expression associated with metastatic spread

in thyroid papillary cancer samples (5, 18, 24, 26). An interesting study involving a 5-
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year follow-up also demonstrated that immunohistochemical expression of VEGF-A
correlates with local and distant recurrence of papillary thyroid carcinoma and
demonstrated that VEGF-A staining is strongly associated with more frequent local
and distant recurrence (27). In addition, elevated VEGF-A mRNA expression was
associated with high tumorigenic potential and has been suggested as an important
event in the transition from low to high-grade tumors (8). In contrast, other
immunohistochemical studies have described an absence of correlation on VEGF-A
expression and TNM staging or tumor size and extent of invasion in papillary
carcinomas (26, 28). Moreover, a recent study comparing serum VEGF-A in 48
consecutive papillary thyroid carcinoma patients categorized by TNM staging with 20
healthy control subjects identified a negative correlation between TNM classification
staging and serum VEGF-A levels (29). However, these apparently conflicting results
could be due to the different techniques to quantify VEGF-A expression, using
different antibodies reactive to VEGF-A. On the other hand, based on the
observations described above, it could be hypothesized that the potential implications
of VEGF-A in the progression of thyroid neoplasms appear to be distinct for histologic
subtype.

There are few data available about VEGF-A expression and clinical features in
MTC. Only 2 previous studies, that evaluated 6 and 8 MTC patients, observed that
VEGF-A expression was associated with the presence of lymph node metastasis at
diagnosis (5, 14). Here, we have observed no correlation between VEGF-A staining
and age at surgery, tumor size or TNM staging in 38 MTC analyzed. Of these
patients, 22 had localized disease (TNM I-Il) and 16 had metastatic disease (TNM III-

IV), but the staining signal of VEGF-A did not differ between them. To define the true
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role of VEGF-A in the prognosis of MTC, these questions need to be confirmed in
larger prospective trials.

An interestingly finding of this study was the positive association between
VEGFR-2 staining and age at surgery. The VEGFR-2 signaling pathway is crucial in
bringing about the effects of VEGF-A including vasodilatation, endothelial cell
migration and proliferation, and it has been considered as the key mediator of VEGF-
induced angiogenesis (30, 31). Of note, VEGFR-1 has a tenfold higher binding
affinity to VEGF-A, but exerts less activation of intracellular signaling intermediates
than VEGFR-2. In fact, VEGFR-1 is thought to be a negative regulator of VEGF-A
activity either by acting as a decoy receptor for VEGF-A or by downregulating
VEGFR-2 mediated signaling. Indeed, the VEGF-A mediated stimulation of VEGFR-1
autophosphorylation and signaling in endothelial cells is weaker when compared to
signaling through VEGFR-2 (6, 32). Our findings support these premises, since we
have observed a positive correlation of VEGFR-2 whereas VEGFR-1 expression
presented a negative correlation with tumor stage.

Tumor angiogenesis has been considered a pre-requisite for tumor growth,
progression, invasion, and metastatization (33). A significant association between
vascular density, quantified by microvessel counting, and tumor metastasis has been
reported for several solid tumors, including breast carcinoma (34), gastric carcinoma
(35), and colon carcinoma (36). Regarding differentiated thyroid tumors, MVD counts
seem to be higher when compared with normal tissue (15-17). Increased MVD
density in differentiated thyroid carcinomas tended to be associated with improved
survival whereas a lower MVD in undifferentiated thyroid tumors is associated with
worse prognosis (37, 38). The scarce data available seems to point to the idea that

MTC samples have the highest microvessel density when compared with other types
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of thyroid cancers (37). One study examined 157 primary thyroid cancers including
82 well-differentiated carcinomas, 52 medullary carcinomas, and 23 undifferentiated
carcinomas and demonstrated that MVD was associated with poor prognosis only in
medullary carcinoma. In that study, all of the dead patients with medullary carcinoma
showed a microvessel count higher than 30, which resulted in a high statistical
difference compared with alive patients. By contrast, no differences in the number of
microvessels was found between dead and living patients with well-differentiated
carcinoma and undifferentiated carcinoma (39). Our results showed a positive
correlation between age at surgery and tumor size with MVD counts but no
association with tumor stage or persistent disease. The apparent divergence
between these data could be explained by the differences of characteristics of
sample population and by the different technigues to quantify MVD expression, using
different antibodies reactive to MVD.

MTC may occur sporadically (75-80%) or in the hereditary form (20-25%).
When comparing MVD counts between the two groups of patients we observed a
higher count in patient with the sporadic form. These results might be attributed to a
long time course of the disease in this group, since most of the patients with the
hereditary form underwent prophylactic thyroidectomy. Accordingly, patients with
hereditary disease presented a higher expression of VEGFR-1 which could be
correlated with early diagnosis and treatment of the disease.

In conclusion, this study supports the idea that VEGF-A and its receptors are
implicated in the development and maintenance of MTC. However, the determination
of the angiogenic phenotype may have limited prognostic value for patients with this

type of tumor.
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Table 1. Clinical characteristics of the patients with medullary thyroid carcinoma and
corresponding VEGF-A, VEGFR-1, VEGFR-2 expression levels.

Case  Sex/Age* Ret Preoperative Tumor  Size** TNM*** VEGF-A VEGFR-1 VEGFR-2
(yr) mutation  basal calcitonin  histology

1 44 M - NA unilateral 1.7 ] 2 2 NE
2 62 M - NA unilateral 15 1} 2 3

3 41 F - 1600.0 bilateral 4.0 \Y) 3 2 2
4 46 F - NA unilateral 2.0 Il 2 1

5 33F - 5.0 unilateral 3.0 i 3 2 NE
6 22M - 536.0 unilateral 1.8 \ 0 0

7 48 F - NA bilateral 35 v 3 1

8 11 M - 14740.0 NA NA ] 2 2 NE
9 61F - 431.75 unilateral 2.4 ] 2 2

10 43 M - NA unilateral 1.2 i 2 2 3
11 48 F - NA unilateral 2.4 Il 1 2 NE
12 28 F C634Y 158.2 unilateral 1.5 ] 3 2 1
13 14F C634Y 28.0 bilateral 0.4 I 3 3 3
14 37F C618R 2000.0 bilateral 4.5 ] 3 1 1
15 37M C634Y 883.0 bilateral 2.5 1l 2 3 2
16 37F C634Y 125.8 unilateral 1.7 ] 2 3 3
17 65 M C634Y 1100.0 bilateral 2.4 Il 1 2 2
18 35F C634R 1000.0 bilateral 1.5 1l 3 1 1
19 6 F C634R 37.5 bilateral 0.5 | 2 3 1
20 43 F C634Y 977.2 bilateral 1.8 Il 3 2 2
21 17 M C634Y 410.9 bilateral 1.2 1l 3 2 2
22 21F C634Y 77.0 unilateral 1.0 | 2 2 2
23 17F C634Y 518.0 unilateral 1.0 Il 2 3 2
24 6 F C634Y 17.0 bilateral 0.4 | 0 3 0
25 9M C634Y 9.5 bilateral 0.5 | 2 1 1
26 13F C634Y 9.98 bilateral 1.0 I 3 2 2
27 29 F C634Y 882.5 bilateral 1.2 i 1 2 1
28 40 F C634Y 554.4 bilateral 1.2 1l 2 2 3
29 44 M C634Y 1150.0 bilateral 2.0 i 3 3 3
30 42 F C634Y 13.8 bilateral 0.6 I 3 2 2
31 10F C618R 0.7 unilateral 0.7 | 3 3 2
32 15 M C634Y 55.0 bilateral 0.7 | 3 3 0
33 15M C634Y 39.0 NA NA I 3 2 2
34 34 F C634Y 3309.6 bilateral 1.3 1l 2 2 2
35 36 F C634Y 43.7 bilateral 25 Il 2 3 3
36 26 F M918T 133.0 bilateral 15 Il 2 2 1
37 10M M918T 47.0 unilateral 0.3 | 3 3 1
38 65 M C618R 1297.0 bilateral 7.0 v 1 NE 3

*Age at surgery; RET mutations: C634R (Cys-Arg), C634Y (Cys-Tyr), C618R (Cys—Arg) and, M918T (Met- Thr); **Dominant nodule size (cm);
***|nternational Union Against Cancer (UICC) classification for TNM; VEGF-A, vascular endothelial growth factor A; VEGFR-1, vascular endothelial growth
factor receptor 1; VEGFR-2, vascular endothelial growth factor receptor 2; NA, not available; NE ,not evaluated;
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Table 2. Association between VEGF-A, VEGFR-1, VEGFR-2 or MVD and tumoral

stage (TNM) in pacients with MTC.

TNM
s P valor
I [l 11—V
n (10) (12) (12) (4
- 1 0 0 1
+ 0 2 1 1
VEGF-A r=-0,11 0,493
++ 3 7 6 0
+++ 6 3 5 2
n (10) (12) (11) (3
- 0 0 0 1
+ 1 2 1 1
VEGFR-1 r=-0,34 0,034
++ 3 7 8 1
+++ 6 3 3 0
n (100 (11) (9 @
- 2 0 0 1
+ 3 2 4 0
VEGFR-2 r=0,25 0,154
++ 4 7 1 1
+++ 1 2 4 2
MVD - - - - r=0,26 0,107

*Spearman test, rs; VEGF-A, vascular endothelial growth factor A; VEGFR-1, vascular endothelial growth
factor receptor 1; VEGFR-2, vascular endothelial growth factor receptor 2; MVD, microvessel density;

TNM, tumoral stage; n, number of patients
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Table 3. Association between VEGF-A, VEGFR-1, VEGFR-2, MVD and
hereditary/sporadic medullary thyroid carcinoma samples.
Hereditary Sporadic P valor*
n (27) (11)
VEGF-A - 1 1
+ 3 1 0.295
++ 10 6
+++ 13 3
n (26) (11)
VEGFR-1 - 0 1
+ 3 2 0.039
++ 12 7
+H+ 11 1
n (27) (7)
VEGFR-2 - 2 1
+ 8 1 0.488
++ 11 2
+++ 6 3
MVD
21 (9-49) 44 (27-63) 0.018

Mann-Whitney test*; median (percentil 25-75)**; VEGF-A, vascular endothelial
growth factor A; VEGFR-1, vascular endothelial growth factor receptor 1; VEGFR-2,

vascular endothelial growth factor receptor 2; MVD, microvessel density; TNM,

tumoral stage; n, number of patients
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Legends

Figure 1: Immunohistochemical detection of VEGF-A (A), VEGFR-1 (B), VEGFR-2
(C) in the cytoplasm of the malignant cells of a medullary thyroid carcinoma sample

(400X). VEGF staining is shown in Brown.

Figure 2 : Association between age at surgery and intensity of VEGF-A (A), VEGFR-1

(B), VEGFR-2 (C) and MVD (D).

Figure 3 : Immunohistochemical detection for MVD in medullary thyroid carcinoma at
400x magnification. The brown-dark represents blood vessels stained by CD31

antibody in medullary carcinoma sample.
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