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Prefacio

“All my days I've waited for the sign
The one that brings me closer to isle of Avalon
| can feel the power flowing through my veins

My heart is beating louder, close to Avalon”

“Todos os meus dias eu espero o sinal

Aquele que me trara mais perto da Ilha de Avalon

Eu posso sentir o poder fluindo pelas minhas veias
Meu coragéao esta batendo mais forte, perto de Avalon”

(Iron Maiden — Isle of Avalon)



Agradecimentos

Gostaria de deixar meus sinceros agradecimentos a todos aqueles que me
deram suporte, criticas, sugestdes, forcas e muito mais nesses dois anos de
mestrado. Tenho a maior dificuldade de demonstrar o quanto fico agradecido por
tudo, Filipe Santos que o diga!

Agradeco em especial a minha amada familia por ter me dado educacgao,
carinho, amor, suporte, criticas e por me fazer quem eu sou como pessoa. Se
gostam de como eu sou, culpem eles! Obrigado por tudo seu Severino, dona Maria
Tereza, Elder, Elaine (minha mentora dessa lingua que nao sei muito bem, mesmo
apos vinte e nove anos). As minhas tias, de sangue, Elza, Biuzinha (chamem ai de
Severina, se tiverem coragem), Edileuza, Graga, Teresinha (minha pequena
bidloga), a guerreira Marli. Aos meus tios Roberto, Paulo, Manoel, Toninho, Zé e
aos primos e primas: Celina, Natalia, William, Alcione, Lidiane (a unica planta que
eu gosto), Henrique e a todos os meus primos e familiares de Sao Paulo.

Agradeco os amados e queridos professores. A todos que me deram tanto
apoio e vao me “aturar” por mais 4 anos! Como ja disse a meu orientador, Jodo
Ricardo M. de Oliveira, ndo ha palavras para agradecer por tudo que ele me fez
desde 2007, muito obrigado mesmo. Aos professores José Luiz e Luiz Carvalho,
obrigado pelo conhecimento, conversas, ensinamentos nao académicos e
orientacdes. As Professoras Dany e Rosangela pelo suporte.

Aos amigos, que sdo outra espécie de familia, obrigado por terem me dado
tantos momentos fantasticos e com toda certeza aos préximos que virdo. Espero
nao esquecer nenhum nome, mas me perdoem, pois tenho MUITOS bons amigos.
Vou tentar dividir em grupos, para ndo me esquecer de ninguém!

Aos amigos da faculdade nos quais tive o prazer de cursar e chatear
SEMPRE com meus assuntos de prion (fazer o qué se ela é espetacular?).
Agradeco a todas as “tias” e amigos. Em especial, por ter mais afinidades, gostos e
saidas juntos, fora o grande carinho e amor: Caio e Filipe (Blood Brothers), Livia,

Morgana, Sarinha e Cassinha.



Obrigado a todos do RPG. A primeira “turma”: Pedro, Damasio, Ogeid, Luiz
Carlos, Vicente (forgas cara), Renatinho (infantaria, sempre), Biiinho, Meu e a
segunda “turma”: Berg, Rubao (sim, ele esta vivo), KV, Trop, Piaui, Bega, Meu (de
novo).

Aos grandes amigos do amado LIKA (minha primeira ou segunda casa, nao
faco ideia). A todos os que pertencem aos Laboratérios de Biotecnologia,
Biossensores, Virologia/Microscopia Eletrénica, Patologia, Bioquimica e
Microbiologia. E claro, ao meu adoravel laboratério de Biologia Molecular
representado por Aila, Jéssica Fragoso, Erik, Juan, Eliane, Marcela, Monique,
Marek, Juliana Nunes e aos demais.

Aos amados parceiros do grupo Psiquiatria Bioldgica: Danyllo, Lylyan,
Manuela, Roberta, Regina, Samy e Thalita, obrigado pelo carinho e pela amizade.

Obrigado aos amigos da ppg-LIKA que fizeram esses dois anos
maravilhosos e que contribuiram para esse produto final. Em especial a Sérgio e a
André pela ajuda nas “continhas”. Um agradecimento especial também para a
nossa mais do que secretaria e grande amiga da ppg-LIKA, Eliete. Obrigado por
me aturar e me ajudar nesses anos.

Deixo meus agradecimentos as agéncias de fomento: Capes e CNPq pelos

financiamentos.



RESUMO

A Doenca de Alzheimer (DA) e a Doenca de Creutzfeldt-Jakob (DCJ) apresentam
carater neurodegenerativo, ocasionadas pelo acumulo extracelular de proteinas
insoluveis. Dentre alguns fatores de risco, as mutagbes nos cédons M129V e
E200K do gene PRNP sao os mais importantes na DCJ. Alguns estudos foram
realizados com o cdédon 129, sendo bastante controversos. Este trabalho teve
como objetivo verificar a influéncia dos cédons 129 e 200 e a presenga da mutagao
E200K na DA. 145 amostras de DNA de pacientes com DA e 198 controles foram
genotipadas para os cédons 129 e 200 através da técnica da PCR e digestao
enzimatica com as enzimas Nspl para o codon M129V e BsmAl, para o cédon 200.
Onze pacientes e oito controles foram sequenciados com o MegaBace1000.
Quarenta e dois pacientes e quarenta e dois controles foram genotipados para o
codon 129 sendo 16 MM, 20 MV e 6 VV nos pacientes e 24 MM, 15 MV e 3 VV nos
controles. Nao foram encontradas diferengas estatisticas significativas. Para a
mutacdo E200K, 61 pacientes e 75 controles foram genotipados, ndo ocorrendo
mutacdo em nenhuma amostra. Nossos dados corroboram com outros grupos
mostrando que o codon 129 parece nao estar associado a DA. A baixa frequéncia
da mutagcdo E200K pode justificar a auséncia desta na nossa amostragem, o que
precisa ser confirmado com maior nimero de amostras, com devida atencéo pela
possivel estratificagdo associada a grupos étnicos e outros fatores como co-
segregagao de outros genes associados ao PRNP. Este trabalho contribuiu para
um melhor conhecimento do perfil neuroepidemiolégico da populagao local.

Palavras chaves: DOENCA DE ALZHEIMER; DOENCA PRIONICA; PRION;
VARIACAO GENETICA; BRASIL.



ABSTRACT

Alzheimer's disease (AD) and Creutzfeldt-Jakob disease (CJD) are
neurodegenerative disorders with some similar clinical findings and both are caused
by the accumulation of insoluble proteins in the Brain. Some risk factors were
already described such as genetic polymorphisms and mutations. The codon 129
and mutation E200K at PRNP gene are the most important CJD risk factor in
studies with families and populations. Clinical and Biological similarities between
these two neuropsychiatric conditions prompted various studies aiming to correlate
the influence of codon 129 and the presence of the E200K mutation in AD. In this
study we evaluated the variants frequency for the codon 129 and E200K mutation at
PRNP gene in AD patients and controls of a Brazilian population. DNA samples
from 145 patients and 198 controls were genotyped for codon 129 and 200 by PCR
and enzymatic digestion with enzymes with NSPI and BsmAl, respectively. Eleven
patients and eight controls were sequenced with MegaBace1000 for both variations.
Forty-two patients and controls were genotyped for the codon 129. In patients, the
genotype distribution was 16 homozygous for methionine, 6 homozygous for Valine
and 20 heterozygous. The control group presented 24 homozygous for Methionine,
3 homozygous for valine and 15 heterozygous. There was no significant difference
between groups. None of the samples from 61 patients and 75 controls presented
the E200K mutation. Our data corroborate other groups studies showing that the
codon 129 have no significant association with AD. The general low frequency of
the E200K mutation may explain the absence of this variant in our sample, which
must be confirmed with larger cohorts, with particular attention for possible
stratification due to ethnicity and other important factors or even due to
cosegregation with other genes linked to PRNP. Whole sequencing for PRNP gene
will be necessary to clarify additional involvement of this marker and AD. This work
contributed to a better understanding of the local population profile and increase
more data for frequency of the polymorphism of codon 129 at PRNP gene in
Brazilian population.

Key Words: ALZHEIMER; DISEASE PRION; PRION; DISEASE;
POLYMORPHISM; BRAZIL.
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1. Introducéo
1.1. Novo perfil epidemiolégico e Deméncias

Ao longo do processo de evolugdo das populagdes humanas, varios fatores
contribuiram para o aparecimento e reconhecimento de diversas doengas. A
Revolugdo Agricola, no periodo do Neolitico, permitiu aos agrupamentos tribais
mais complexos e numerosos, 0 aumento das doengas nutricionais,
infectocontagiosas, zoonoses e parasitarias, caracterizando, assim, a primeira
transicdo epidemioldgica’.

Os aprimoramentos na saude publica, principalmente durante os séculos
XIX e XXI, proporcionaram declinio de varias doengas infecciosas, especialmente
com o advento das vacinas, melhorias na higiene pessoal e do sanitarismo "2
Esses beneficios se refletiram na queda da mortalidade e no aumento significativo
da expectativa média de vida, passando de 58 anos, entre 1970 e 1975, para 67
anos entre 2005 e 2010, segundo a Organizacédo das Nagdes Unidas. Em paises
mais desenvolvidos esse indice chega, atualmente, a 77 anos®.

De acordo com o Instituto Brasileiro de Geografia e Estatistica (IBGE), a
expectativa de vida da populacéo brasileira era de 71.3 anos em 2003, sendo a
862 maior expectativa de vida no mundo, de acordo com a Organizagdo das
Nacoes Unidas®.

Esse novo perfil demografico e melhorias em alguns parametros de saude
publica pavimentaram a segunda transigcdo epidemiolégica que se caracteriza,
entre outros fatores, pelo aumento dos casos de cancer, deméncias diversas e
coronariopatias®.

A idade continua sendo o maior fator de risco, em especial nas doengas
demenciais, como Alzheimer, Parkinson, Huntington, Doengas Pribnicas, entre
outras, afetando frequentemente adultos tardiamente. A maior parte dos casos
s&o esporadicos (sem fonte conhecida de contagio ou mutacdes genéticas), mas
fatores genéticos e iatrogénicos sao reportados para boa parte dessas doencas®’.

A deméncia é clinicamente caracterizada pelo declinio de multiplas fungdes
cognitivas, tais como memoria, praxia e linguagem. Dependendo da etiologia e do

grau de comprometimento, a deméncia pode ter seu quadro revertido®.
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As deméncias podem ser ocasionadas por varios fatores, tais como
sindromes metabdlicas (Sindrome de Cushing.); Intoxicacdo (Deméncia Alcodlica
e outras drogas psicéticas.); doencas neurodegenerativas (Doenca de Alzheimer
(DA), Doenga de Pick, Deméncia por corpos de Lewy); ou doencgas infecciosas
(AIDS, Neurosifilis, Doenca de Creutzfeldt-Jakob (DCJ))°.

A incidéncia dessas doengas demenciais é de 1,5% ao ano na populagao
na faixa etaria em torno de 60 anos. Este indice pode chegar a 30% na populagao
acima dos 80 anos. E menos frequente em homens e em populacdes africanas e
asiaticas. As causas dessas doencas também variam conforme as populagdes,
sendo a Doencga de Alzheimer mais comum na europeia e a Deméncia Vascular

mais incidente na China'°.

1.2. Doencgade Alzheimer

Em novembro de 1906, Alois Alzheimer apresentou ao mundo o caso da
paciente Auguste D na 372 Conferéncia da South-West German Psychiatrists. A
paciente em questao, com 51 anos, apresentava disfungao cognitiva progressiva,
alucinagdes, entre outros sintomas. Apenas no ano seguinte, com o trabalho
intitulado “A characteristc serious disease of the cerebral cortex” ele descreveu
hispotatologicamente o caso de Auguste D'".

A DA corresponde a pelo menos metade dos casos de deméncia no
mundo, com incidéncia estimada em 4.4% em pessoas com 65 anos de idade e
de 22% aos 90 anos. A idade e historico familiar positivos sdo os dois maiores
fatores de risco'?.

Atualmente, de acordo com o Cdédigo Internacional de Doencas - 10 (CID-
10), a DA é classificada como doenga neurodegenetariva primaria, com etiologia
ainda desconhecida. Tem carater progressivo, com curso clinico que pode variar
de poucos anos (2 a 4) até décadas. De acordo com a idade de inicio da doenga,
pode ser subdividida em forma precoce (Early Onset Alzheimer’s Disease —
EOAD), antes dos 65 anos, ou em forma tardia (Late Onset Alzheimer’s Disease —

LOAD), mais incidente que acomete pessoas acima dos 65 anos'.
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Para o diagndstico definitivo para a DA, o paciente deve preencher alguns
critérios tais como ter deméncia, desde que nao se tenha evidéncia de ser
causada por deficiéncia em vitamina B12, Niacina, presenga de neurosilis ou
outras fontes conhecidas; inicio insidioso de lenta progressdo; e auséncia de
inicio subito, provocado por lesbées focais, por exemplo. Para o diagndstico
diferencial, devem-se considerar transtornos depressivos; delirium; deméncia
vascular; outras deméncias primarias como a frontotemporal (doenca de Pick) e
DCJ™.

Na década de 80 do século passado, foi criado um grupo com o intuito de
estabelecer critério universal e assim caracterizar clinicamente a DA. Em
principio, a essa doenca se caracterizava pela presenca de deméncia, avaliada
com testes padronizados, como o Mini Mental State Examination (MMSE);
prejuizo da memoria e outras fungdes cognitivas como linguagem, percepgao,
aparecer em idade entre 40 a 90 anos; entre outros fatores™.

Vale ressaltar que a DA é heterogénea, o que dificulta uma avaliagdo no
inicio da doenca. Além disso, podemos encontrar sintomas pontuais em alguns
pacientes, o que foi debatido no artigo gerado a partir da analise clinica de um
dos nossos pacientes do HC-UFPE. Este trabalho encontra-se no anexo Il.

Entretanto, como ressalta o neurologista Ricardo Nitrini, algumas
peculiaridades do nosso pais fazem com que alguns exames e testes para avaliar
0 quadro suspeito de DA devem ser analisados de forma adaptada de acordo com

nossa realidade, principalmente por conta das diferencas na escolaridade’®.

1.2.1. Genéticada Doenca de Alzheimer

Durante os ultimos 15 anos, diversos trabalhos foram feitos sobre a DA,
principalmente em busca de marcadores genéticos. O banco de dados Alzgene

(www.alzgene.org) foi criado para facilitar a analise desse montante de dados,

disponibilizando em seu site mais de 300 polimorfismos em diversos genes, mas
apenas alguns confirmados - de forma independente®.
A forma EOAD corresponde a cerca de 10% dos casos de DA, possui

heranga autossOmica dominante e algumas mutacbes se destacam em trés
12



genes: proteina precursora amiléide (APP), presenilina-1 (PSEN-1) e presenilina-
2 (PSEN-2), localizados nos cromossomos 21, 14 e 1 respectivamente’”.

A forma tardia é mais complexa, com herangca multifatorial sendo
influenciada por componentes genéticos e ambientais. O principal fator de risco é
o alelo €4 da Apolipoproteina E (APOE), localizado no cromossomo- 198, 0 gene
da APOE possui trés isoformas: €2; €3 e €4. Enquanto que a isoforma &2 agiria
como um fator de protegéo, a 4 estaria envolvida na formagéo das placas senis
desencadeando o processo neurodegenerativo GEORGE-HYSLOP'®.

Oliveira et al. reportou os principais fatores de risco na populagao
brasileira, reunindo dados de estudos de ligacdo e caso-controle. Além dos
polimorfismos ja descritos, outros foram estudados e estado ilustrados na tabela

abaixo'®.

Tabelal. Resumo dos estudos de associagao caso-controle na populagéo Brasileira

Referéncia Polimorfismos Nivel de Tamanho da
significancia amostra
Oliveira et al. (1997) ApoE-¢4 P <0,05 57
Oliveira et al. (1998) 5-HTTLPR P <0,05 81
Nishimura et al. (2000) DXS1047 P> 0,05 130
Nishimura et al. (2001) D10S1423 P> 0,05 130
BDNF (C-270T) P >0,05
Nishimura et al. (2004) BDNF (C-270T) + ApoE-¢4 P <0,05 188
MAOA P> 0,05
MAOA + ApoE-g4+
Nishimura et al. (2005) 5-HTTLPR P <0,05 128
IL-1a and IL-1B P >0,05 195
Dados nao publicados ApoE-¢4 P <0,05 195
MTHFR (C-677T) P >0,05
Fernandez et al. (2005) ApoE-¢4 P <0,05 30
da Silva et al. (2006) M HFR (C-677T)/(A-1298C) P > 0,05 43
1.3. Prion

Comumente se refere a proteina prion para designar o “agente etiolégico”
das Encefalopatias Espongiformes Transmissiveis (EET). Entretanto, a prion

possui duas isoformas, sendo apenas uma delas patogénica e denominada prion
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scrapie (PrP*%). A outra, denominada prion celular (PrP°) é encontrada
normalmente em vertebrados e algumas “prions like” em leveduras'®%%2",

A PrP° possui 3 a-hélices na regido globular (correspondente aos residuos
144-154; 173-194; 200-228) e duas folhas R-antiparalelas (128-131 e 161-164).
Pode ser encontrada de forma nao glicosilada, monoglicosilada ou diglicosilada,
ocorrendo nos aminoacidos de asparagina (181 e 197); Possui uma ponte de
disulfeto entre os aminoacidos de cisteina (179 e 214). A figura 1 abaixo
representa a estrutura terciaria da PrPC e as principais mutagdes associadas as

doencas pribnicas.

MV 120

M-termiinal

HB Tﬁ?' I P
)‘nssmntn
<~

E106K ;‘* J‘ﬁ HA

R148H

Figura 1 — Estrutura tridimencial da PrP° mostrando as principais mutagdes associadas as doengas pridnicas.
HC- Porgao hidrofébica. H* - HC - formagédo em a — hélice. S1 e S2 — formagao em folhas B-pregueadas. S-S
— Ponte de disulfeto. (figura retirada de Capellari et al’®. Uso da imagem autorizado pela revista: License
Number — 2833820137731).

Apesar de ainda ndo ser totalmente conhecida, sabe-se que a PrP°
participa de diversos eventos celulares que sao desde regulagdo, direta ou
indireta, da apoptose, sinalizacdo celular, protecdo neuronal e tendo uma forte
evidéncia do controle do estresse oxidativo?>.

A PrP° é sintetizada a partir do gene PRNP, que em humanos esta
localizado no brago curto do cromossomo 20, com 16 kb e 2 éxons. A ORF (open
reading frame) esta localizada no segundo éxon e codifica uma proteina de 253
aminoacidos. Na figura 2 abaixo, vemos uma representagao esquematica do gene

PRNP evidenciando as principais mutacdes associadas as doengas pridnicas?2.
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Figura 2 — Esquema do gene PRNP evidenciando as principais mutagdes associadas as doengas pridnicas.
R1 a R4 representa mutagdes do tipo insergédo delecdo OPR. HC- Porgéo hidrofébica. HA - HC - formagéo em
a- he’lzlice; S1 e S2 - fo_rmagéo em folha§ B-pregueadas. _S-S — Ponte d.e disulfeto. Cl'rlculos pinzas — sitios de
glicosilacéo. (figura retirada de Capellari et al. Uso da imagem autorizado pela revista: License Number —
2833820137731).

Diferente da PrP¢, a PrP®® ¢ insollvel, resistente a proteases e diversos
detergentes, além das altas temperaturas, tendendo a formar fibrilas
naturalmente, sendo ricas em folhas B-pregueadas. Apesar de quase nao haver
duvidas sobre a relacdo da PrP°° com as doengas pridnicas, a forma de
“conversao” da forma fisioldgica para a patogénica ainda é o grande desafio na
biologia da prion®*.

Para Stanley B. Prusiner, essa conversao se daria através de evento da
habilidade da PrP®® induzir a mudanga estrutural da PrP° através de interagoes
bioquimicas. Outros autores sugerem que a interagdo da PrP° com outra proteina,
“proteina x” resultaria em um composto instavel que acabaria transformando a
PrP°® em PrP*¢, desfazendo a interacdo com a proteina x>°.

Outros grupos, inclusive da Universidade Federal do Rio de Janeiro
(UFRJ), liderada pelo pesquisador Jerson L. Silva postula que essa mudancga se
daria da interagdo da PrP° com &cidos nucléicos, possivelmente com o RNA e
essa interagcdo, através de mudancas na entropia da PrP° ocasionaria na
alteracao estrutural. Apesar desses estudos, ainda nao ha um consenso de como

se da essa mudanca, sendo um dos principais desafios na biologia da prion?”°.
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1.3.1. Doencas Pridnicas

As Encefalopatias Espongiformes Transmissiveis (EET) ou doencas
pridbnicas, formam um grupo unico de doengas que podem ser esporadicas,
genéticas ou adquiridas, e possuem um amplo espectro fenotipico, guardando em
comum o aspecto espongiforme do tecido nervoso e depésito extracelular da

PrPs¢ observado na figura 3 abaixo?®.

-

Figura 3 — A: Corte histologico do cortex frontal de um paciente com Doenga de Creuttzfeldt-Jakob (DCJ)
evidenciado o aspecto espongiforme do tecido nervoso. A seta mais clara aponta para um neurénio
atrofiado enquanto que a seta preta mostra uma célula da glia. B: Imunohistoquimica com anticorpo anti-
PrP*® mostrando um intenso depdsito protéico.

Dentre as principais EET podemos citar: Doenga Crénica Debilitante do
Cervideo (CWD); Encefalopatia Espongiforme Bovina — “mal da vaca louca”, em
bovinos (BSE); Scrapie, em ovelhas e cabras; Doenga de Creutzfeldt-Jakob
(DCJ), Doenga de Gerstmann-Straussler-Scheinker (GSS), Insénia Fatal (IF) e
Kuru em humanos?.

A doenca de Creutzfeldt-Jakob (DCJ) apesar de rara, é a doenga pridnica
mais frequente, sendo descrita em diversos paises, inclusive no Brasil. No
entanto, sdo escassas as informagdes no pais sobre esta doenca e, em
publicacado recente, foi contestada a atual politica de vigilancia epidemioldgica
para doenca pribnica excessivamente voltada para poucos centros que realizam
as técnicas necessarias para a adequada confirmagéo dos casos suspeitos™.

A DCJ possui incidéncia de 1 caso a cada 1 milhdo de habitantes, afeta
homens e mulheres na mesma proporcéo e ocorre na faixa dos 55 a 65 anos. E
causada pelo acumulo da prion scrapie nos neurbnios. Pode ser adquirida,
genética ou esporadica, sendo a ultima a forma mais prevalente,

aproximadamente 85% dos casos®’.
16



Clinicamente, a DCJ é caracterizada por deméncia progressiva com
duracdo menor que dois anos, mioclonias, ataxia e outros sintomas. O diagndstico
e feito associando o quadro clinico seguido de exames de ressonancia magnética
(RM), eletroecenfalograma (EEG) e pesquisa no liquor da proteina 14-3-3.

Entretanto, na pratica clinica reconhecer pacientes com DCJ requer muito
cuidado e habilidade do médico, visto que os sinais e achados de exames para a
DCJ se confundem com outras doengas neurologicas. Por esta razdo, Michael
Geschwind da Universidade de Sao Francisco, Califérnia, a chama de “great
mimicker” o que pode ser ilustrado no exemplo do préprio Creuztfeldt que,
segundo 0 mesmo, seus casos nada tinham em comum com os casos de Jakob,
e até mesmo alguns dos primeiros casos de Jakob n&o seriam hoje classificados
como DCJ*.

Acredita-se que essa semelhanga com outras doengas ndo seja apenas
coincidéncia e até se levanta a hipotese de que a prion participe direta ou
indiretamente da patogenia de outras doengas neurodegenerativas como

Alzheimer e Parkinson®:.

1.3.2. Variacdes genéticas da PRNP

Mais de 20 mutagdes no PRNP ja foram descritas em diversas populagoes,
sendo P102L, D178N, E200K, e V210l as mais comuns, além do polimorfismo do
cédon 129 (M129V), sendo este ultimo o mais importante no estudo das EET,
modulando diversos aspectos, tais como tempo de incubagao e outros aspectos
clinicos **.

O polimorfismo do cdédon 129 resulta no residuo de aminoacido metionina
(selvagem) ou valina (mutante). A frequéncia alélica, na populagdo saudavel,
varia entre as diversas popula¢gdes humanas, podendo ser de 0.653 na populagao
britinica a 0, 958 na Japonesa para o alelo M. A tabela 2 abaixo mostra as
frequéncias deste polimorfismo em varios grupos étnicos. No anexo 1, encontra-

se a tabela completa do NCBI*°.
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Tabela 2 - Frequéncia genotipica para o codon 129 do PRNP em algumas populagdes humanas.

Populag&o gtrrl]JiEg Cromczlfsomos MM MV W MV
CEPH 184 0.560 0.440
HapMap-CEU Européia 120 0.433 0.433 0.133 0.650 0.350
HapMap-HCB Asiética 90 0.933 0.067 0.967 0.033
HapMap-YRI Africana 120 0.400 0.517 0.083 0.658 0.342
HapMap-CEU Européia 226 0.442 0.425 0.133 0.655 0.345
HapMap-HCB Asiética 86 0.930 0.070 0.965 0.035

No Brasil, trés trabalhos mostram a distribuicdo alélica e genotipica do
cddon 129 na populagao brasileira e mostram uma maior frequéncia do alelo M,
condizente com dados de demais populagdes mundiais. Ja a mutagdo E200K
(rs28933385) € mais frequente na forma genética da DCJ, principalmente em

familias judaicas, com relatos desta em artigo recente no Brasil***’.

1.3.3.  Prion e Doenca de Alzheimer

A prion vem sendo estudada por diversos grupos nao apenas em
doencas pridnicas, mas também em outras desordens neuroldgicas e sistémicas.
Alguns grupos mostram que diferengas na expressdao do PRNP podem levar a
sérias consequéncias, tais como formas mais agressiva do cancer, além de ser
um potencial marcador na terapia do cancer colo-retal®°.

Além disso, o polimorfismo cdédon 129 é o mais estudado em desordens
nao pridnicas como fator de risco, principalmente na DA. Entretanto, os resultados
encontrados sdo conflitantes, possivelmente devido a heterogeneidade das
populacdes estudadas*®*!42,

Infelizmente, pouco se sabe da frequéncia alélica e genotipica do cédon
129, o que dificulta os estudos tanto para a DCJ quanto para outras desordens
que possam estar associadas a esse polimorfismo. Apenas o trabalho de De
Paula et al. foi realizado nesse sentido e mostrou que temos uma distribuicao
alélica semelhante a povos europeus e asiaticos®.

Este trabalho teve como principais finalidades a observagao da frequéncia

do codon 129 e 200 em amostras da populagdo brasileira. Apesar da mutagao
18



E200K ser a mais frequente na DCJ, principalmente em familias judaicas, essa
nunca foi descrita em pacientes com doenca de Alzheimer em estudos prévios.
Entretanto, poucos estudos no Brasil foram feitos com o PRNP, mesmo para as

doencas pribnicas.

2. Justificativa

Este tipo de estudo é de grande importancia, principalmente se
considerarmos o aumento progressivo e continuo da incidéncia deste transtorno
neuropsiquiatrico em todo o mundo, inclusive no Brasil, onde coincidentemente
sao realizadas relativamente poucas pesquisas sobre o tema. Além disso, a
analise desenvolvida neste projeto podera auxiliar tanto na definicdo de métodos
diagnosticos mais rapidos e eficazes como na melhor compreensdo da DA,
abrindo novas perspectivas para o diagnostico e tratamento, principalmente se

considerando as atuais evidéncias que sugerem a sobreposi¢cdo da DA e a DCJ.

3. Objetivos

3.1.1. Geral

* Mostrar a distribuicdo do cédon 129 e E200K do gene PRNP na
populacdo estudada e comparar com dados obtidos previamente no

Brasil e em outros paises.

3.1.2. Especifico

* Investigar a possivel associagao dos polimorfismos do codon M129V e

E200K do PRNP com a Doencga de Alzheimer.
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4. Metodologia

Foram utilizadas 145 amostras de DNA de pacientes com DA provavel ou
possivel, diagnosticados clinicamente, e 205 controles, sendo 63 oriundos de
coletas realizadas em Pernambuco (PE) e 82 do Espirito Santo (ES). 20 amostras
controles eram provenientes de PE e as demais do ES™.

Para a genotipagem do PRNP foram utilizados dois pares de primers que
cobriam todo o quadro de leitura do gene. Os pares foram os seguintes: primeiro
par Fw1 - 5-CTGACGTTCTCCTCTTCATTTTG-3' e Rv1l - 5'-
CTCATGGCACTTCCCAGCATGTA-3' e o segundo par Fw2 - 5'-
AACCAACATGAAGCACATGG-3'e Rv2 - 5-TCCCTCAAGCTGGAAAAAGA-3'.

Devido a dificuldades técnicas com o sequenciador MegaBace 1000
(Sunnyale, CA), apenas 19 amostras de pacientes foram sequenciadas, 11 para o
primeiro par e 8 para o segundo, utilizado o kit DYEnamic ET terminator®
(Amersham Pharmacia Biotech, Inc, USA) para a reagdo de sequenciamento,
sendo estas realizadas segundo as especificagdes do fabricante. A figura abaixo
ilustra dois eletroferogramas para o cédon 129 e 200 do PRNP.

A =
- - ko
I I I
GOS_AZP Ar.:AmﬁcmumcIGEJ:EAG::TGGGGanTGGrGGGGGGchIGGEGGE GAAGTGCCA

i L L o L T T T

B e = | i | -

FRNF CAAGC AGCACACGG TCACCAC AACCACCAAGGGGGAGAACTTCRLCCGAGAC CGACGT TAAGA T
Conlflict

Consarmus CEGTCACCHNCAACCACCAAGGGGEAGAACTTICACCCAGACCGACGT TAAGAT
Covornge
AZTPZRY COGTCACCHCAACCACCAAGGGIEAGAACT T CACCCAGACCOGACGT TAAGAT
T riacom clata - a f T ! i | A ¥

"’.ﬁlfffc_‘: A v Mol b - '.___W.:.L o -.a’.rill_/l_,c _-_{F'.'L_,L_fk_':-,_ _,flnll,_,_q_',l‘

Figura 4 — A: Sequenciamento de um paciente com DA. A seta azul indica o ponto do polimorfismo do
coédon 129 para o PRNP, mostrando um individuo homozigoto para metionina. B: sequénciamento do primer
2 para o cédon 200 do PRNP. A seta azul indica que o individuo ndo possui a mutagao.
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Devido a estas importantes dificuldades, mudamos a abordagem para o
uso de duas enzimas de restrigdo para genotipar o cédon 129 e 200. Para tal,
usamos o Primer Fw1 e o Rv2 utilizando a ciclagem: 95° por 3 minutos, seguido
de 30 ciclos de 95° por 30 segundos; 60° por 30 segundos; 72° durante 1 minuto e
extensao final de 72° por 5 minutos. O DNA estava em uma concentracdo de
30ng, amplificando um produto com 850 pares de base (pb) que contempla
ambos os codons. A figura abaixo mostra um segmento deste produto, mostrando
os sitios de restricdo das duas enzimas, mantendo a contagem original das

bases.

360 20 20 (sl 440
| i | | i

P1P2 CAACATGAAGCACATGGCTGGTGCTGCAGCAGCTGGGGCAGTGGTGGGGGGCCTTGGCGGCTACATGLTGGGAAGTGCCATGAGCAGGE

460 480 520
| | | |
P1P2 CCATCATACATTTCGGCAGTGACTATGAGGACCGTTACTATCGTGAAAACATQEACCGTTACCCCAACCAAGTGTACTACAGGCCCATG

5400 560 580 600 620
I | | | |
P1P2 GATGAGTACAGCAACCAGAACAACTTTGTGCACGACTGCGTCAATATCACAATCAAGCAGCACACGGTCACCACAACCACCAAGGGGGA

s 40 660 ) 700

| | | |
P1P2 GAACT|TCACCGAGACCGACGTTAAGATGATGGAGCGCGTGGTTGAGCAGATGTGTATCACCCAGTACGAGAGGGAATCTCAGGCCTATT

720 740 760 780 B00
| | | I |

P1P2 ACCAGAGAGGATCGAGCATGGTCCTCTTCTCCTCTCCACCTGTGATCCTCCTGATCTCTTTCCTCATCTTCCTGATAGTGGGATGAGGA

B2 0
| |

P1P2 AGGTCTTCCTGTTTTCACCATCTTTCTAATCTTTTTCCAGCTTGAGGGA

Figura 5 — Fragmento do produto de PCR evidenciado os dois sitios de restricdo para a enzima
Nspl (cédon 129 do gene PRNP) e um sitio para a BsmAl (c6don 200 do gene PRNP)

Para o codon 129, foram utilizados 10yl do produto de PCR com 10
unidades de enzima com tampdes e concentracdes indicadas pelo fabricante. Em
seguida, as amostras foram separadas por eletroforese em gel de agarose a 1,5%
corados com brometo de etidio. Em individuos homozigotos para metionina
observamos os fragmentos de banda de 423, 352 e 75 pb; Individuos
heterozigotos apresentavam as bandas de 498, 423, 352 e 75 pb enquanto que

homozigotos valina apresentavam as bandas 498 e 352 pb.
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Figura 6 - Imagem de uma corrida de eletroforese em gel de agarose a 1,5% da digestdo com Nspl mostrando
os padrdes de bandas para os genétipos MM (6,9 e 10), MV (2,3,4,5,7 e 8) e VV (11). Os retangulos laranja,
verde e zul representam as bandas de 498, 423 e 352 pb, respectivamente. M = ladder marcador de peso
molecular.

O mesmo foi feito para o codon 200, usando a enzima BsmAl (Biolabs),
mas agora utilizando gel de agarose a 1%. A enzima reconhece um sitio de
restricdo apenas em individuos sem a mutagao, resultando em dois fragmentos
de 628 e 222 pb.

M 2 3 6 7 &8 9 10 11 F

Figura 7 - Imagem de uma corrida de eletroforese em gel de agarose a 1% da digestdo com BsmAl. 2 a 11
representam amostras de pacientes com DA sem a mutagdo E200K apresentando as bandas de 628 e 222
pb. M = ladder; F = fragmento sem ser digerido.

De posse das frequécias alélicas e genotipicas das nossas amostras,
comparamos com dados publicados em trabalho recente de Smid et al (2011) que
fez o mesmo trabalho que o nosso, mas varrendo todo o PRNP e com amostras
unicamente de SP além de dados publicados no Alzgene.

Além disso, comparamos 0s nossos controles com dados previamente

publicados por de Paula et al (2005) e do artigo de Beck et al. (2010).
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5. Resultados

Das 145 amostras de pacientes e 205 controles, 42 amostras de cada
grupo foram genotipadas para o codon 129 do PRNP. As duas populagdes
respeitam o equilibrio de Hardy-Weinberg, com p = 0,95 nos pacientes com DA e
p=0,75 nos controles para os gendétipos do codon 129 do PRNP. Ja para o codon
200, deste mesmo gene, 61 pacientes e 75 controles foram genotipados, nao
sendo encontrada nenhuma amostra com a mutacio. Na tabela 3 abaixo vemos a

distribuicdo genotipica do cédon 129 e 200 de pacientes com DA e controles.

Tabela 3 — Distribuicdo genotipica dos cdédons 129 e 200 do PRNP nos pacientes com DA e controles.
Numeros entre parénteses representam valores porcentuais aproximados.

Cédon Genétipo DA (%) Controles (%) P
129 MM 16 (38,1) 24 (57,1) 0,187*
MV 20 (47,7) 15 (35,7)
\AY, 6 (14,2) 3(7,2)
200 EE 61 (100,0) 75 (100,0) -
EK 0 0
KK 0 0

DA =doenca de Alzheimer; M = metionina; V = valina; p = valor de p; * =teste G

A frequéncia dos alelos M e V também nao mostraram diferenca
significativa entre os pacientes com DA e controles. No primeiro grupo, a
frequéncia foi de 0,62 e 0,38 para os alelos M e V, respectivamente e nos
controles de 0,75 e 0,25.

Ao comparar nossos dados com os de Smid, também ndo observamos
diferenca significativa entre pacientes com DA e controles. A tabela abaixo mostra
a distribuicdo dos gendtipos para o codon 129 do PRNP tanto do nosso trabalho
quanto os de Smid**.

As frequéncias alélicas de M e V deste trabalho comparado com o de Smid

também nao tiveram diferenca significativa, com p = 0, 57.
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Tabela 4 - Comparagao genotipica do cédon 129 do PRNP entre dados deste trabalho com resultados de
Smid (2011).

Genotipo DA (%) p Controles (%) P
Gomes da MM 16 (38,1) 0,72* 24 (57,1)  0,15*
Cunha MV 20 (47,7) 15 (35,7)
(2012) \AY, 6 (14,2) 3(7,2)
Smid (2011) MM 45 (45,5) 44 (39,6)
MV 42 (42,4) 56 (50,5)
A 12 (12,3) 11 (9,9)

DA =doenca de Alzheimer; M = metionina; V = valina; p = valor de p; * =teste G

O trabalho apresentado por Smid também nao mostrou a presencga da
mutacdo E200K associada nem com pacientes com DA nem com amostras
controles.

As distribuigbes genotipica e alélica dos controles deste trabalho
comparado com resultados do estudo de De Paula et al (2005) também né&o
mostrou diferenca significativa com p = 0,34 para os gendtipos e p = 0,14 para os

alelos.

6. Discussao

Neste presente estudo, ndo foi detectada a mutagdo E200K em amostras
de pacientes nem nos controles. Apesar de ser a mutagao mais frequénte na DCJ
familiar, com casos descritos no Brasil, esta nao foi relatada em pacientes com
DA até o presente momento, provavelmente devido a sua baixa frequéncia ou
mesmo por talvez apresentar associagao restrita na nao DAY,

Nao houve diferenga significativa entre pacientes com DA e controles para
0 codon 129 do PRNP, o que ja foi relatado em alguns outros trabalhos. A tabela
abaixo mostra o resumo de alguns trabalhos disponiveis no banco de dado do
Alzgene em que podemos observar que a maior parte deles ndo aponta influéncia

deste polimorfismo com a DA.
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Tabela 5 - Resumo dos estudos publicados que analisaram a influéncia do cédon 129 do PRNP em diversas
populagdes (Modificado do Alzgene, www.alzgene.org).

Estudo Populacéo DA (N) Controles (N) Resultado
Casadei, 2001 Italia 212 201 Tendéncia
Combarros, 2000 Espanha 278 268 Negativo
Cousin, 2009 Franca 428 475 Negativo
Del Bo, 2005 Italia 258 318 Negativo
Dermaut, 2003 Holanda 123 282 Positivo

Gacia, 2006 Poldnia 166 194 Positivo

Golanska, 2009 Poldnia 213 171 Positivo

Li, 2005 EUA 281 415 Negativo
Li, 2008 Canada 753 736 Tendéncia
Polegqi, 2008 Italia 195 124 Negativo
Poleggi, 2008 EUA 109 58 Negativo
Reiman, 2007 EUA, Holanda 861 550 Negativo
Riemenschneider, 2004  Alemanha 482 911 Positivo

Ahn, 2006 Coréia 297 217 Negativo
Jeong, 2007 Coréia 271 236 Negativo
Jeong, 2009 Coréia 152 268 Negativo
Ohkubo, 2003 Japéao 548 466 Negativo

Nossos dados mostram frequéncias alélicas e genotipicas semelhantes as
ja descritas para a populacao brasileira nos trabalhos de Smid, Martins et al.
(2007) e de Paula et al (2005) 3¢ 443,

Considerando que as amostras de individuos saudaveis dos trabalhos de
De Paula et al, Vilma et al e Smid possuem sao amostras distintas, pelo que
descrevem suas metodologias, bem como as nossas, temos um pool de 546
amostras com a distribuicdo genotipica de 49,1% para individuos MM; 44,7
individuos MV e 6,2% individuos VV. O que nos mostra um perfil molecular
semelhante aos descritos em populagdes européias, mas diferente das asiaticas.

Por conta da falta dos dados epidemioldgicos das amostras, tais como
idade média dos primeiros sintomas, propor¢dao de homens e mulheres além de
outros dados genéticos, ndo efetuamos mais analises para comparar a influéncia
conjunta do PRNP com outros fatores de risco, como as formas EOAD e LOAD,
bem como o alelo €4 da APOE™.

Apesar de nossos resultados ndao apontarem para uma associagdo do
cdédon 129 do gene PRNP como fator de risco para a DA, o ampliamento de
estudos mostrando a distribuicdo genotipica e alélica deste polimorfismo é de

suma importancia devido a sua associacdo como fator de risco para as doencgas
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pribnicas ainda pouco conhecida no Brasil por fatores ja discutidos por nosso
grupo>’.

Além disto, esse mesmo polimorfismo ja foi relacionado a outras
desordens, tendo influéncia no curso clinico de algumas doengas, como a de
Wilson, algumas formas de Parkinson entre outras*.

Entretanto, tanto nossos controles quanto os dos outros artigos possuem
distribuicdo genotipica e alélica diferente do que é apresentado no aritgo de Beck
et al., que mostra uma frequéncia do alelo V maior do que do alelo M**,

Esta diferenca encontrada em Beck et al. pode estar relacionada com o
perfil das populagdes usadas neste artigo, que se trata de dois grupos indigenas
(Surui (Paiter) e Karitiana) um numero pequeno das duas populagdes

estudadas®*.

7. Conclusao

Os dados apresentados neste trabalho ndo mostraram uma diferencga
estatistica significativa entre as frequéncias genotipicas e alélicas do codon 129
do PRNP entre os pacientes com DA e controles. Estes dados corroboram com
outros autores, inclusive um recente trabalho em que foi investigado esse
polimorfismo na populagao brasileira.

Essa auséncia na associagao de risco do cédon 129 do PRNP na populacéo
brasileira pode estar associada a diferengas étnicas da nossa populagdo bem
como outros fatores de risco genético associados a DA.

Entretanto, nossos resultados mostraram que a distribuicdo alélica e
genotipica da variagdo em questdo se da de forma semelhante a diversas
populacdes mundiais, principalmente européias o que € condizente com a historia
de colonizagao do nosso pais.

Ao se comparar nossos dados com outros em que foram feitas analises
semelhantes na populacao brasileira, ndo observamos diferenga significativa, o
que mostra que a nossa amostra é representativa da populagao brasileira.

Por fim, ndo houve o relato da mutacdo E200K nem em individuos com DA

nem dos controles o que pode ser explicado pela sua baixa frequéncia na
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populacdo mundial além do fato desta poder ter apenas uma relacdo com as
doencas pridnicas.

Para reforcar nossos resultados, iremos dar sequéncia com as demais
amostras que temos, tanto de pacientes com DA quanto de controles, para ter
uma melhor conclusdo desses resultados. Além disso, uma abordagem
epidemioldgica sera adicionada aos resultados moleculares para ver se ha
diferenca ao estratificarmos a nossa amostra.

Nosso estudo serviu para delimitar melhor o perfil molecular da populacéo
brasileira para o cédon 129 do PRNP, o que é de grande relevancia para estudos
de doencgas pribnicas que ainda é muito negligenciada no Brasil, bem como
contribui para ampliagdo do debate deste polimorfismo como fator de risco para a
DA.
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Tabela 6 — Frequéncia genotipica e alélica do codon 129 do PRNP em diversas populagdes humanas.

Populacéo Grupo Etnico Cromossomos (N) MM MV VWV M Y
CEPH 184 0.560 0.440
ENSEMBL_Venter 2 1.000 0.500 0.500
ENSEMBL_Watson 2 1.000 1.000
BUSHMAN_POP 4 1.000 0.500 0.500
pilot_1_YRI_low_coverage_panel 118 0.661 0.339
pilot_1_CEU_low_coverage_panel 120 0.667 0.333
ESP_Cohort_Populations 4544 0.426 0.467 0.108 0.659 0.341
AoD_African_American 90 0.600 0.400
AoD_Caucasian 92 0.760 0.240
AoD_Chinese 90 0.990 0.010
AoD_Japanese 90 0.990 0.010
HapMap-CEU Européia 120 0.433 0.433 0.133 0.650 0.350
HapMap-HCB Asiatica 90 0.933 0.067 0.967 0.033
HapMap-JPT Asiatica 90 0.956 0.044 0.978 0.022
HapMap-YRI Africa Sub-Sa 120 0.400 0.517 0.083 0.658 0.342
HapMap-CEU Euroéia 226 0.442 0.425 0.133 0.655 0.345
HapMap-HCB Asiatica 86 0.930 0.070 0.965 0.035
HapMap-JPT Asian 172 0.965 0.035 0.983 0.017
HAPMAP-ASW 98 0.306 0.469 0.224 0.541 0.459
HAPMAP-CHB Asian 82 0.878 0.122 0.939 0.061
HAPMAP-CHD 170 0.976 0.024 0.988 0.012
HAPMAP-GIH 176 0.580 0.375 0.045 0.767 0.233
HAPMAP-LWK 180 0.456 0.500 0.044 0.706 0.294
HAPMAP-MEX 100 0.380 0.460 0.160 0.610 0.390
HAPMAP-MKK 286 0.490 0.322 0.189 0.650 0.350
HAPMAP-TSI 174 0.391 0.448 0.161 0.615 0.385
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Introduction:

Punding is characterized by a peculiar stereotyped behavior with complex, excessive, nongoal
oriented, repetitive patterns of engagement in various tasks, firstly described in amphetamine and

cocaine addicts in California and Denmark. Classic examples of Punding are: Manipulation of technical



equipment, handling, examining or sorting through common objects, grooming, hoarding or starting in
extended monologues devoid of content' .

The behaviors may be linked to increased dopaminergic effect, since amphetamines, cocaine,
and levodopa share a presynaptic mechanism. Selegiline might also plays a role, enhancing the action
of levodopa'>*.

The prevalence reported of such finding was 26% among metylphenydate users (Rylander), and
8% among cocaine addicts’?. Nowadays, it is usually associated with antiparkinsonian drugs, in a
prevalence ranging from 1 to 14% among users®.

Predisposing factors for punding are high-dose levodopa (higher than 800mg/day) and dopamine
agonists as monotherapy or in combination?.

As far as we know, there is no reference in current literature linking Punding with dementia,
neither in presentation nor as complication or evolution.

We describe here what we believe to be a case of Punding being manifested as part of the first
symptoms in an early onset form of dementia.

Such clinical characterization is important to raise the possibility that such cases are under

diagnosed and that pudding might be a much more prevalent clinical finding than previously assumed.

Case Descriptions:

We describe the case of a 60-year-old Brazilian man. He used to be a Sciences teacher in High
School when 6 six years ago presented with progressive memory failure and hypobulia, after retirement.
He was single and used to live with a few siblings.

Relatives refer that he became gradually more quiet and isolated, but initially without depressed
mood.

He was in treatment of blood hypertension with loop diuretics and angiotensin receptor blockers
and he smoked regular cigarettes for thirty years, stopping ten years ago.

The behaviors compatible with Punding were initially noticed when latter on he started to copy his
own Science Books into a White sheet notebook, repeatedly and meaninglessly, occupying sometimes
the whole day in this task, only stopping when strongly persuaded by his relatives. Such behavior was
intermittent and appeared abruptly. Soon after that, aggressive behavior and motor agitation were also
added to the general symptom’s list.

There were no other neurological deficits and no signs of tremor, rigidity or bradychinesia. He
denied seizures, headache or sleep disorders. A difficult interaction with the patient was constant during

the clinical examination and his mood was irritable.



The initial hypothesis was that a Depressive episode was leading to major cognitive impairment
(Pseudodementia) but a therapeutic proof with Paroxetin failed to decrease depressive symptoms,
guiding the clinical investigation toward a more early onset form of neurodegenerative disorder,
especially an early onset Alzheimer’s Disease.

Mini Mental Status revealed a score of 3 out of 30, characterizing severe cognitive impairment.
The laboratory screening for dementia was unremarkable. He was then evaluated by Psychiatry and
Neurology team, being started with drugs to treat a potential EOAD, besides insomnia and psychomotor
agitation (Rivastigmine, Trazodone, Prometazine and Clorpromazine). His follow-up showed partial
control of the symptoms, without resolution. Chlorpromazine and Prometazine were soon after
discontinued. Trazodone and Rivastigmine were maintained.

Initial imaging investigation with computerized tomography in 2007 showed global volumetric
reduction of brain with deep sulci, fissures and lateral ventricles dilation. A nuclear magnetic resonance
(NMR) done in 2010 showed advanced signs of cortical atrophy and microangiopathy in diffuse white
matter, with both hippocampi presenting with quite reduced volumes (See Figure 1).

The nosologic retrospective definition, although hard to achieve in this particular case, was
regarded as a demential profile. The lack of biopsy finding to determine the specific cause leaded us to
consider as differential diagnosis Alzheimer disease, Frontotemporal dementia,Vascular dementia and
associations of different types of dementia.

The patient is now 65 years old and we still follow up on his case in our general Hospital. The

general cognitive decline is progressing.

Discussion:

Punding includes excessive humming or singing, inordinate writing, paper shuffling,
blogging/journaling, doodling, painting, walkabouts, and reciting long meaningless soliloquies without an
audience'?**°,

In our report we believe to be facing a new frontier toward the comprehension of the
physiopathology of this symptom, now in Dementia. It was present in an elderly patient with cognitive
deficit characterized especially by language and memory impairment, with adequate metabolic and
nutritional profile and neuroimage studies compatible with primary dementias.

Even often described related to dopaminergic dysregulation neurotransmission, especially in
parkinsonian patients, punding may be more complex than just dopaminergic stimulation, involving the
brain stem serotinergic system and other neurotransmitters, thus explaining its genesis in seemingly

unrelated neuropsychiatric disorders™*,



Once punding is diagnosed, specific treatment strategies could be adopted. A number of
parkinsonism cases have been treated successfully through a change or reduction in medication,
although this requires careful balance between the control of side effects and worsening motor
functions. Classic neuroleptics must be avoided to preserve motor function®.

Although uncommon, punding provides many challenges for patients and Physicians. Physicians
should be aware of the disorder because the spectrum of normal to abnormal behavior is unclear and
patient insight is impaired, reducing the likelihood of spontaneous self-reporting. Commonly, the
symptom is only triggered at home, and its notification depends on observation and cooperation of close

relatives’.

Conclusions:

To our knowledge, our report represents the first association between punding and demential
disorders until the present day, giving light into new insights about physiopathology, clinical
manifestations and treatment of this symptom.

We highlight the need of increasing awareness about Punding for general clinicians, neurologists
and psychiatrists, who deal more often with such patients in a daily basis.

The subtlety of this theme reinforces the need of better concepts, objective scale evaluations and

further studies in the purpose of better understanding of this interesting symptom.
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Figure 1. Imaginological study of the subject in the onset of the symptoms in the year of 2007 (left) and
in the follow up, in the year of 2010 (right). Although the modalities of studies are different (tomography
at the left and magnetic resonance at the right), there is a notable acentuation of cortical atrophy and
dilation of ventricles from one study to the other, suggesting evolution of demential disease.
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Prion diseases are a group of neurodegenerative fatal disorders with undiscovered treatment that affects humans and
non-human. The most famous prion diseases are Creutzfeldt-Jakob from humans and bovine spongiform encephal-
opathy (BSE). Chronic wasting disease (CWD) is a prion disease of cervids that has been regarded as a health public
problem in USA, Canada and North Korea. Pron diseases are not completely understood but the most accepted
theory assumes that prion it is 2 modified protein that can convert normal protein into a new form. This new design
1s insoluble and causes the death of neuronal cells and the characteristics vacuums on the brain tissue. Recent re-
searches have shown that some animals present more resistance to the infection. This resistance has been commonly
associated with the sequence of nucleotides on the gene which codify the pron protein (PRINP). Single nucleotides
polymorphism (SNP’s) at specific codons has been highly associated with development of neurodegenerative disease
on Cervidae family. The presence of Methionine/Leucine at codon 132 and Serine/Phenylalanine at codon 225 in-
terferes on the animals’ susceptibility The animals (Cerves elapbus, Odocoilens bemionus) encoding Met/Met at 132 are
overrepresented on CWD positive. The same happens on 22558 that are proportionally 30 times more present on
infected animals. In order to identify the presence/absence of polymorphism, and consequently the potential sus-
ceptibility to develop CWD, we analyzed samples from three Neotropical Deer (n:20) (Mazama gonagonbira, Blastocerus
dichotsmas, Ozotocerns bezoarticns). Genomic DINA was 1solated and a fragment of 800bp from the Exon 3 of PEINP
was amplified by PCR and sequenced. Sequences were aligned and the results have shown that the PRINP Exon 3 se-
quence from Brazilian deer are highly conserved. All animals presented Met/Met at codon 132 and S8 at codon 225.
These polymorphisms are overrepresented on CWD positive cases on Cervar spp and Odocoilzns spp. The presence of
these polymorphisms suggests the potential suscepubility to development of CWD in Brazilian deer, although cases
of CWD have never been registered in Brazil The presence of the susceptibility-associated polymorphism and the
lack of infected ammals” description are of interest. Regarding prion diseases have the majority of cases related as
“sporadic”, almost like randomly; it is expected that animals presenting the polymorphism and developing the disease
been found anywhere around the world. So, why Brazilian deer did not develop the disease, or could Brazil's cases
have been sub-notified? The necessity of a correct and precise diagnostic and notification is important to understand
the patterns of disease and to avoid the transmussibility to humans, which although improbable, cannot be discarded.
Fmancial Support: CNPq (Proc. 476242,/2009-6 and JRMO fellowship), FACEPE (CBRF fellowship) and CAPES
(JEGC fellowship)
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Alzheimer’s disease (AD) accounts for more than half of dementia diagnosis in the world population and it 1s charac-
terized by the presence of neurofibrilary tangles and B-amyloid deposits, followed by the early (EOAD) and late onset
(LOAD) forms of clinical manifestations. The clinical evolution of AD is slow, progressive and extends usually over
several years. Moreover, Creutzfeldt-Jakob disease (C]D) is a rare form of dementia which presents a rapid progres-
sion attributed to the prion protein, encoded by the PRINP gene. Some polymorphisms are associated with genetic
nsk factors for CJD, such as M129V (£s1799990) and the E200K (rs28933385). Cunously, several authors reported
neuropathological and clinical overlapping between AD and CJD, with a few association studies generating conflicting
results. In order to investigate the possible correlation of these genotypes with AD, we have analyzed the distribution
of the M129V and E200K polymorphisms in Brazilian controls samples and AD patients. A complementary meta-
analysis was done using the ALZGENE database. Genotyping was assessed by Polymerase Chain Reaction (PCR) and
followed by enzyme digestion or automatic sequencing. So far, 58 patients were genotyped for the E200K and 12 pa-
tients were sequenced for the M129V (All were MM). Only 07 Controls were genotyped for the E200EK. All the samples
genotyped for the E200K were E homozygous. Even with the imited number of controls genotyped for the E200K
genotype, we see that all patients are homozygous for the E allele, which is not the nisk factor to CJD. Meta-Analysis for
the M129V in ALZGENE database employed twenty published studies on the PRINP gene in samples from various
ethnic groups and only 5 reported positive association. The results for this analysis showed conflicting findings, prob-
ably due to the variation of the genetic background for different populations. There was also no distribution difference
1n a few studies that allowed to distinguish the EOAD and LOAD forms. Additional sequencing and genotyping anal-
ysis are underway with the samples for the PRINP gene in order to obtain more conclusive results, however, prelimi-
nary analysis suggests that the M129V and E200K polymeorphism plays a limited role as a genetics risk factor for AD.
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ABSTRACT:

The factors which contribute to an exaggerated blood pressure response (EBPR) during the exercise

treadmill test (ETT) are not wholly understood. The association between the insertion/deletion



polymorphisms of the angiotensin-converting enzyme (ACE) and M235T of the angiotensinogen (AGT)
with EBPR during ETT still remains unstudied. OBJECTIVE: to identify and compare the risk factors for
hypertension between normotensive subjects with EBPR and those who exhibit a normal curve of blood
pressure (BP) during ETT. METHODOLOGY: In a series of EBPR cases from a historical cohort of
normotensive individuals, a univariate analysis was performed to estimate the association of the
studied factors with BP behaviour during ETT. Additionally, logistic multivariate regression was
conducted to analyse the joint effects of the variables. P-values above 0.05 were considered statistically
significant. RESULTS: From a total of 10.027 analysed examinations, only 219 met the criteria
employed to define EBPR, which resulted in a prevalence of 12.6%. For the systolic component of the
BP, hyperreactive subjects displayed a mean age and body mass index (BMI) significantly higher than
the others (p=0.002 and <0.001, respectively). No association was observed between the
polymorphisms cited above and EBPR. An analysis of the joint effect of variables has indicated that only
age (P < 0.001) and BMI (p=0.001) were specifically associated to systolic blood pressure (SBP) during
exercise. CONCLUSION: Age and BMI were the only factors that independently influenced EBPR
during ETT.

Key words: risk factors, hypertension, exaggerated blood pressure response, genes.

INTRODUCTION

Neither the physiopathological mechanisms involved in the way blood pressure (BP) responds to
exercise, nor the factors that contribute to exaggerated blood pressure response (EBPR) during
exercise treadmill testing (ETT) are fully understood. Comparisons between normoreactive and
hyperreactive patients, considering socio-demographic and clinical features, have mostly been carried
out in small cohorts, using nonstandard criteria, which may have significantly influenced the results.

Several authors have compared small normoreactive and hyperreactive cohorts but while these groups



have been assessed with regard to cholesterol, triglycerides and glucose levels, smoking habits and
alcohol consumption, no differences were observed between the groups'™. However, Jae et al®
observed statistically significant differences regarding all the above-mentioned variables (with the
exception of alcohol) when comparing 8969 normoreactive and 375 hyperreactive patients.

It has been shown that responses to physical exercise vary amongst individuals, suggesting that
the outcome of exercise might be affected by genetic variations®. Similarly, several genes which encode
for proteins of the renin-angiotensin-aldosterone system have been shown to play a role in the
aetiopathogeny of hypertension. However, there are conflicting results within studies that have
assessed the relationship between the polymorphisms in these genes and hypertension. Some
analyses have shown that the D allele of the angiotensin-converting enzyme (ACE) gene increases the
threshold of developing hypertension. On the other hand, other studies have described the | allele as
being responsible for the phenotype or even a lack of association between this polymorphism and
hypertension. Contradictory findings have also been described concerning an association between the
M235T polymorphism of the angiotensinogen gene (AGT) and hypertension’. However, to date, any
association between such polymorphisms and EBPR during ETT, has remained unstudied.

Considering that hyperreactive individuals are four to five times more likely to develop

hypertension &'°

, and that primary healthcare strategies have already been established as an effective
prevention for this disease, understanding and developing forms of combating the risk factors that
influence EBPR are fundamental for preventing hypertension and circulatory system diseases.
Therefore, the objective of this study has been to describe and compare the frequency of risk
factors for hypertension (genetic and environmental), as well as the hemodynamic and functional
variables of ETT among normotensive individuals who display EBPR and those with normal BP during

ETT.

METHODOLOGY

This was a series of EBPR cases from a historical cohort of normotensive subjects who
underwent ETT at the beginning of the study. A group, composed of individuals who presented
abnormal BP behavior during exercise (A SBP = 7.5 mmHg/MET and/or SBP at the peak of the exercise
= 220 mmHg or A DBP = 15 mmHg, starting from normal BP levels at rest) was compared to another in
which patients displayed normal BP during physical exercise. Any patients taking antihypertensives or
any other drugs which could potentially interfere with BP behavior or heart rate (HR), individuals
undergoing diagnostic investigation for hypertension or those who even after meeting inclusion criteria,
presented any thoracic discomfort or localized pain, cardiac rhythm or conduction disturbances, or any

suspicion of electrocardiographic alterations of miocardic ischemia, patients who presented pulmonary



congestion or broncospasm during ETT and those who did not reach submaximal HR during exercise,
were all excluded from the study. The BP behavior under exercise was analyzed as a dependent
variable. Genetic polymorphism and classic risk factors for hypertension (diabetes mellitus-DM,
hypercholesterolemia, hypertrigliceridemia, patients whose immediate relatives have been affected by
hypertension, skin color and BMI) were analyzed as independent variables. Furthermore, the analysis
was stratified considering the EBPR subgroups: reactive hypertensive individuals through the systolic
component (SRH) and reactive hypertensive individuals through the diastolic component (DRH).

The study protocol was approved by the CPqAM-FIOCRUZ ethics committee and all
participants signed the terms of consent.

The ETT analysis was conducted by one single physician, using the ramp protocol.”" Blood
pressure was measured, both at rest and during exercise, using a mercury sphingomanometer.
Measurements were taken at regular three-minute intervals during the exercise phase and during the
first, second, fourth and sixth minutes of the recovery phase. For SBP, phase “1” of the Korotkoff
sounds was considered and for DBP phase “5”.

All patients enrolled on this study were sent to a clinical analysis laboratory, where blood samples
were collected and DNA was extracted with standard salting out protocols. The genomic region of the
polymorphisms considered for investigation during this study were amplified by polymerase chain
reaction (PCR) with the following primers for AGT FW 5- GGA AGG ACA AGA ACT GCACCTC -3
and RV 5’ - CAG GGT GCT GTC CAC ACT GGA CCC C - 3"?and for ACE FW 5 — CYG GAG ACC
ACT CCC ATC CTT TCT - 3 and RV 5 — GAT GTG GCC ATC ACA TTC GTC AGA T - 3. To verify
the ACE allelic distribution throughout the cohort, 1.5% agarose was employed. After amplifying the
AGT region of interest, PCR products were purified enzymatically, using exoquinase and shrimp
alkaline phosphatasis. Following this, the purified products were sequenced in a MegaBACE 1000.
Univariate analysis was conducted in order to evaluate the association of each independent variable
with BP behaviour during ETT. Multivariate logistic regression was carried out to evaluate the joint effect
of the variables. Results which presented descriptive levels (P-value) below 0.05 were considered
statistically significant. Hardy-Weinberg equilibrium was also tested and the chi-square test was
employed to verify if the allelic frequencies were in accordance with those predicted by the equation. A
possible occurrence of selection bias in this study could be minimized as long as the normoreactive and
hyperreactive individuals were selected from the same population. Memory and information bias may
have occurred during data collection concerning lifestyle and morbid antecedents, particularly self-
reported hypercholesterolemia, hypertrigliceridemia and DM, which were not measured by biochemical

tests.

RESULTS



From the 10.027 analyzed examinations, only 219 were identified as hyperreactive, which
therefore yielded a prevalence of 12.6%.

Systolic blood pressure (SBP) and diastolic blood pressure (DBP) at rest, at the height of
exercise and the pressure variation between rest and exercise, are presented in Table 1.

DBP variation from dorsal decubitus position to orthostatic position was greater in hyperreactive
individuals than normoreactive (5.7 vs 2.3 mmHg, p<0,001). However, the same behavior was not
observed with regard to SBP (5.7 vs 3.9 mmHg, p=0.140). With respect to HR, it was observed in the
hyperreactive group that the variation associated to posture change was 11.2 bpm, whilst in the
normorreactive group this variation was 9.9 bpm (p=0.266).

The HR at rest for the hyperreactive individuals both in the orthostatic or dorsal decubitus
positions was similar to the normorreactive group (p=0.992 and 0.663 respectively). On the other hand,
the HR measured at maximum exercise was significantly lower in the group that displayed EBPR
throughout the systolic component of the BP (p<0,001). Both groups displayed a decrease in HR during
the first minute of recovery time above 12 bpm. However, in SRH, the decrease was significantly
greater (p<0.001).

The ergometric treadmill ramp inclinations, speeds, maximum oxygen consumption (VOz) and
equivalent metabolic rates achieved by SRH individuals were  significantly lower than the
normorreactive individuals, as shown in Table 2.

Information concerning the risk factors for hypertension, SRH and DRH among the normoreactive
individuals, collected on entering the cohort is presented in Table 3.

The I/D polymorphisms of the ACE gene and M235T of the AGT were also investigated as risk
factors for EBPR. Neither the allelic or genotypic distribution revealed any statistically significant
difference between the groups (Tables 4 and 5).

The joint effect of the AGT and ACE polymorphisms on the BP during ETT was also assessed in
this population. No statistically significant difference in the haplotypic distribution between the
normorreactive and hyperreactive groups was observed (Table 6).

The analysis of the joint effect of variables, a family history of hypertension, BMI and age upon
the BP response to exercise, was conducted through a multinomial logistic model, where the reference
category was the normorreactive group. This analysis has shown that only age (P<0.001) and BMI
(p=0.001) were associated to BP behavior during physical exercise. Table 7 shows that the association
between age and BMI occurred specifically with the systolic component of the BP during exercise. It
was observed no association between the I/D polymorphisms of the ACE gene and M235T AGT with

EBPR (table 8), even after having controlled the variables age and BMI.

DISCUSSION



Although the physiopathological effects involved in EBPR are not completely understood, the
attributed risk for this condition to develop hypertension may be based on findings, which suggest that
cardiovascular reactivity, by itself, brings negative outcomes, even in the absence of the clinically
manifested disease '*'°. Studies that have assessed the endothelial function of patients with EBPR
have shown a significant reduction of endothelium-dependent vasodilatation capacity®'®'". These
studies corroborate the hypothesis that the cardiovascular system of hyperreactive individuals worked
with normal cardiac output (CO) and an increase in peripheral vascular resistance (PVR), whilst the
normorreactive individuals responded to physical exercise with an increase of CO and and a reduction
in PVR. Other hypotheses have been suggested, among other factors: inflammatory mechanisms®,

neurohumoral '° 15,1820

and poor physical condition
The higher prevalence of EBPR encountered in the present study (12.6%) in relation to that
reported in the literature may be partly justified by the very stringent criteria adopted by the study in
order to define EBPR, which caused the denominator to suffer an expressive reduction. Many
patients were excluded in spite of having presented EBPR, because they also had other conditions that
did not meet the criteria for defining EBPR, such as: abnormal blood pressure atrest, baseline
hypertension, were taking medications that could interfere with the BP behaviour during exercise, felt
pain or discomfort during ETT that could trigger high BP, among others. The exclusion of these patients
enabled us to select only the patients who presented EBPR without any association with other non-
related conditions. Jae et al'® reported a prevalence of 4.1%, however EBPR was defined as a higher
SBP = 210 mmHg, and did not take into account either the ammount of physical exercise performed or
the DBP. Sharabi et al*' considered EBPR with higher SBP and DBP levels of above 200 mmHg and
100 mmHg, respectively. These authors found a prevalence of 6.3%. The lack of homogeneity to define
EBPR may have been one of the factors influencing the prevalence variation reported in other studies.
The present study observed that SBP levels at rest, and BP and HR variations between the lying
position to orthostatic, were higher in hyperreactive individuals than in normorreactive individuals. It has
been demonstrated that BP levels of hyperreactive individuals, in random measures, at rest, are

significantly higher than those of normorreactive individuals®?' 22

. Rostrup et al* reported that
normotensive subjects with higher tension levels at rest, show an increase in vascular reactivity to
mental stress and a consistent correlation with cardiovascular risk factors. Diwan et al®®, also verified
that the BP of hypereactive individuals at rest were in the pre-hypertension category of the VIl Joint
National Committee.

It is possible that sympathetic tonus, assessed by HR at rest, is similar between the groups, since
there was no difference in the HR at rest between the hyperreactive and normoreactive subjects. The

fact that hyperreactive individuals presented a lower HR at the peak of physical exercise when



compared to the normoreactive individuals, may be explained by an early interruption of the
examination due to EBPR, or indeed a shorter exercise period (no statistically significant difference).
Both factors cited above might also be influenced by physical characteristics such as age and BMI,
which were significantly higher in the hyperreactive group. It has been described that limitrophe
hypertensive subjects present EBPR and a faster HR as a response to several stress factors, in
comparison to normotensive subjects'™. This could permit us to suggest that if the exercise had not
been interrupted, either because of EBPR or functional limitations, the hyperreactive group would have
been expected to present a higher peak HR than the NR.

The slow decrease of the HR from the peak of the exercise to the first minute of recovery has
been associated to a more increased risk of cardiovascular events ?4?°, It was observed, in both groups,
that the decreasing HR in this period of the ETT was over 12 bpm, however, in the SRH group, this
decrease was significantly more accentuated. A possible explanation for this finding might be
encountered in the BP regulation mechanisms. In individuals with a normal BP response to exercise, an
elevated SBP during exercises such as swimming, walking, cycling, among others, may occur
proportionally to the amount of effort. A decreased PVR is balanced by an increase in CO as a way of
preventing BP reductions. EBPR individuals present higher PVR during exercise, thus, it is possible that
the mechanism of BP self-regulation occurs exactly opposite to that which takes place in normorreactive
individuals. As a form of compensating for the higher PVR, these individuals would show a more
accentuated decrease in HR, which in its turn, would directly influence the CO and consequently, the
BP. This hypothesis is enhanced by the finding of lower maximum VO, in the SRH group as compared
to the normorreactive group. Among the factors which restrain a greater VO, more expressively, it is
possible to highlight the CO which in its turn, is influenced by HR and systolic volume °.

The evaluation of the metabolic and functional variables of the ETT allows us to conclude that
SRH individuals present a lower metabolic and functional performance to that of normorreactive
individuals. It is likely that age and BMI, significantly higher in the former group, may explain the ETT
performance-related differences. Takamura et al*’ evaluated the ventricular function by echocardiogram
in patients with and without EBPR during exercise, and concluded that, even in the absence of
hypertension, hyperreactive individuals displayed diastolic dysfunction and, as a consequence, an
intolerance to exercise. Sharabi et al’’ reported that the time hyperreactive individuals spent
undergoing ETT was significantly shorter than in the control group.

With regard to the classic risk factors for hypertension, our results do not reveal any difference
between the normorreactive and hyperreactive individuals in relation to gender and skin color. Other
studies have also shown no differences in these variables, even between the normotense and
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hypertense groups®“. Knowing that that alterations provoked in the blood vessels by DM and

deslipidemia gradually settle down, associated to the fact that there is no available information



concerning the time of diagnosis of these risk factors in each of the individuals; it is possible to justify

the lack of association in our results. Sharabi et al?’

found no difference in blood glucose levels, total
cholesterol and triglyceride levels between the normorreactive and the hyperreactive groups.

The higher prevalence of isolated systolic hypertension observed in the elderly is well described
in the literature >*. Although the mean age of the SRH subjects, at the time of undertaking ETT, did not
allow us to classify them as elderly, this was significantly higher in this group than in the DRH and
normoreactive groups. Thus, the effect of the age variable on the SBP during exercise is in accordance
with the currently available information in the literature regarding the relationship between age and
hypertension. The gradual loss of vessel elasticity and, the consequent reduction in vasodilatation
capacity might explain our results. In this sense, Chang et al® showed that the vasodilatation extension
was proportionally opposite to age and SBP variation.

Excess weight is related to an increase in PVR, thus, some research has shown a directly
proportional relationship between weight gain and high BP 3. In the present study it has been shown
that the SRH group presented a BMI significantly higher than the normoreactive and DRH groups, which

may justify per se the association between BMI and SRH. Widgren et al*°

reported that individuals with
a family history of hypertension have a greater reactivity to physical and mental stress than those with
none at all. Diwan et al*® and Sharabi et al*! reported that the number of individuals with EBPR was
significantly greater in those who had hypertensive relatives compared to that those who did not. It is
possible that our results were biased, since information was collected directly with the participants of the
cohort, therefore, relatives were not directly examined.

No studies have been found in the literature which have analysed the association between
genetic polymorphisms and EBPR. Some have reported the influence of determined genes
duringphysical exercise®, however they have not specifically evaluated BP during exercise. It was
decided to study the I/D ACE and M235T AGT polymorphisms due to the current controversy in the
literature with respect to the real relation between such polymorphisms and hypertension’. In this study,
no association was identified between the I/D polymorphisms of ACE and M235T of AGT with EBPR.
However it is possible that this association exists in populations where there is an association between
these polymorphisms with hypertension, considering that EBPR is a pre-clinical stage of hypertension.
There is a need to investigate this hypothesis in further studies.

In summary, only age and BMI independently influenced EBPR during ETT. If therefore age and
BMI are risk factors for EBPR and if this is a risk marker for hypertension, then preventive strategies
may be applied with greater emphasis to patients who present EBPR rather than those with normal BP
during excercise, even though they present above-normal BMI and are more advanced in years. In

other words, identifying the risk factors in individuals who have markers of the disease (pre-clinical



stages) is of even greater importance, since they are individuals who have no overt signs of the

disease, although they are actually in the process of developing the disease.
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