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PLACA ESTPLACA EST ÁÁVELVEL
••Espessa Camada fibrosa Espessa Camada fibrosa 
•• ¯̄̄̄̄̄¯̄ ll íípidespides
•• ¯̄̄̄̄̄¯̄ CCéélulas inflamatlulas inflamat óóriasrias
••LLúúmen preservadomen preservado

Rompimento Rompimento 
da placa da placa 

e Trombosee Trombose

dislipidemiasdislipidemias

ATEROMA 
RECENTE

PLACA VULNERPLACA VULNER ÁÁVELVEL
••Fina camada fibrosaFina camada fibrosa
••­­­­­­­­ liplip íídeos deos plasmaticosplasmaticos
••­­­­­­­­ CCéélulas inflamatlulas inflamat óóriasrias
••metaloproteinasemetaloproteinase

Camada fibrosa fina

CICATRIZACICATRIZAÇÇÃO DA ÃO DA 
PLACA ROMPIDAPLACA ROMPIDA
••LLúúmen estreitomen estreito
••Fibrose na camada Fibrose na camada ííntimantima

ARTARTÉÉRIARIA
CORONCORONÁÁRIA RIA 

DIREITADIREITA

Infarto agudo 
do miocárdio

Artéria coronária 
esquerda

HiperlipidemiaHiperlipidemia , estresse,, estresse,
hipertensão, diabetes hipertensão, diabetes 
fatores hemodinâmicos, fatores hemodinâmicos, 
Tabagismo, infecTabagismo, infec çção, ão, 
entre outrosentre outros

Lesão do Lesão do 
endotendotééliolio
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Células 
musculares lisas

MédiaÍntima
Adventícia

ARTARTÉÉRIA RIA 
NORMALNORMAL

Endotélio
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Collins et al., A vision for the future of genome research.

Nature 422:835, 24 April 2003
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ApolipoproteApolipoprote íínasnas : : 
AA--I, AI, A--IV, B100IV, B100
CC--I, CI, C--II, CII, C--III, EIII, E

ReceptoresReceptores ::
LDL, LRP1, LDL, LRP1, SRB1SRB1
insulina, insulina, PPARsPPARs, CD40L, CD40L

EnzimasEnzimas ::
ACAT, LCAT, LPL,  ACAT, LCAT, LPL,  

PNO1, PNO2, LHPNO1, PNO2, LH
MTHFR, ECA, outrosMTHFR, ECA, outros

HemostasiaHemostasia ::
protrombinaprotrombina , , 
fibrinogênio,fibrinogênio,
AngiotensinogênioAngiotensinogênio
fator VII, fator VII, 
fator V fator V LeidenLeiden , , 
outrosoutros

Fatores de crescimentoFatores de crescimento ::
PDGF A, PDGF B,PDGF A, PDGF B,
EGF, insulinaEGF, insulina

Processo Processo aterosclerateroscler óóticotico

ProteProte íínas transportenas transporte ::
CETP, CETP, ABCA1ABCA1
ABC5, ABC8, ARHABC5, ABC8, ARH
GLUT4GLUT4

Resposta inflamátoria
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Função endotelial
NOS, PAI-1 Fatores de transcrição

SERBP, RXR, PXR

Fatores de adesão
ICAM, VCAM e MMP
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Alteração em único gene

Mutação (<1%)

X Y

Doença monogênica

Alterações em vários genes

Polimorfismos (>1%)
mutações

X Y

Outros genes

Fatores ambientais

Doença poligênicanatural
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SeqSeqüüenciamentoenciamento de de 
DNADNA

EletroforeseEletroforese

PCRPCR

 

RLDL - Exon 4

SSCPSSCP

Sangue totalSangue total DNADNA
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EXONS

EXONS

cisteína

carboidratos

Domínios

1

2

3

4

5

���464
��;0*0

$8**;

$86*:		(84+�			&84!<

;56*� &5469		&544=

>#54�				�#453 76+8$
7686$		96#!$
:60+�

$,)*+-9
�1*<

�*859:*+8�

����F��
 �� �� .
(���� 6�������.
+44+

��������	
 ��
�


9999

���������	
�����������������	
�����������������	
�����������������	
�����������������	
�����������������	
�����������������	
�����������������	
��������

������������������������������������������������������������������������
�	�����
���	�����
���	�����
���	�����
���	�����
���	�����
���	�����
���	�����
�� �������� 	���	���	���	���	���	���	���	���

������������������
������������������
 ���������
���������


Apo B, Apo B, ApoEApoEReceptores da LDLReceptores da LDL

PolimorfismosPolimorfismos

9+9+
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1               2    3    4     5  6            7  8   9 1011  12   13    141516 17        18

5’ 3’

StuI
HincII

AvaII

PvuII MspIStuIRsaI

MaeIII
SphI PstI

TaqI

Cromossomo 19p
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a b
ExonExon 1313 ExonExon 1414ExonExon 1212
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AvaAva IIII

141 bp

87 bp

PCRPCR

RERE

1               2    3    4     5  6           7  8   9 1011  12 13   141516 17        18
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*P < 0,05

Polimorfismo Ava II

Lipídeos
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CT LDL-C

2,0

4,0

6,0

8,0

10,0 A+A+
A+A-
A-A-

*

*

Genótipos

Polimorfismo Hinc II
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Polimorfismo Pvu II
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Genótipos
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Polimorfismo Ava II
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Polimorfismo Hinc II
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Polimorfismo Pvu II
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*P < 0,05

Homens
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Genótipos Ava II

Mulheres
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*P < 0,05

Em idade de risco
- Homens ³³³³ 45 anos
- Mulheres ³³³³ 55 anos
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Genótipos Ava II

Fora da idade de risco
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Genótipos Ava II
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Mulheres
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Epstein et al 1999.

Infection

Imune and inate response
TLRs

Th-1 Th2

B cellsMonocyte/macrophage

Inflamatory response Imune response

Atherosclerosis

T cells

C4C4
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�	���
�
�	#�������	
�	���
�
�	
�,�����
�,�����


Beland et al , 2004

C9C9

#�������	
�	(�2��#�������	
�	(�2�� �� ����

Benitez, 2001

C+C+

GORAN K.H., 2005 GORAN K.H., 2005 
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C3C3

PercentagePercentage of of positivitypositivity for for C. pneumoniaeC. pneumoniae betweenbetween END e TX, Fisher END e TX, Fisher ExactExact TestTest p=p=0,021, 0,021, 
PercentagePercentage of of positivitypositivity for CMV for CMV betweenbetween END e TX, Fisher END e TX, Fisher ExactExact TestTest p=p=0,486, ** 0,486, ** 
PercentagePercentage of of positivitypositivity for for H. pyloriH. pylori betweenbetween END e TX, Fisher END e TX, Fisher ExactExact TestTest p=p=0,017.0,017.

END n = 37, TX n = 11END n = 37, TX n = 11

%
 o

f p
os

iti
vi

ty

Positividade de Clamydia, CMV e H. pilori pelaPositividade de Clamydia, CMV e H. pilori pela
PCR PCR 

Em placa de ateroscleroseEm placa de aterosclerose

C5C5
16SrRNA expression by ISH in atheromatous lesion 
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�� ��-�""�#��)*��+����-�""�#��)*��+�� �'�(����-����'��)�'�(����-����'��) ��-��- +�+�®® %#�'���%#�'��� ))�#��#� +��+��
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I4I4

1��2,3�'��1��2,3�'�� (���(��� ������ �� ���-��(��-�#����$�����(��%����-��(��-�#����$�����(��%��� ��������
��%����#���%����#� /�4/�4 ��

Arg753GlnArg753Gln
(G2258A)(G2258A) GGGG GA+AAGA+AA GG AA

IAMIAM
(102)(102) 100% (102)100% (102) 0,0% (0)0,0% (0) 100%100% 0,0%0,0%

CC
(108)(108) 100% 100% (108)(108) 0,0% 0,0% (0)(0) 100%100% 0,0%0,0%

cc22=0,1 (1gl=0,1 (1gl, p=1, p=1,000),000) cc22=0,1 (1gl=0,1 (1gl, p=1, p=1,000,000))

•Nota: Númber of individual are in parenthesis Fisher* Test
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I9I9

Genotipos de SNP Asp299Gli (A+896G) do TLR 4 e  perfil 
lipidico em IAM 

Biochemical dataBiochemical data GenotypeGenotype

IAM (102)IAM (102) +896AA (95)+896AA (95) +896AG/GG (7)+896AG/GG (7)

CT (CT (mmolmmol /L)/L) 5,425,42±±1,31,3 5,585,58±±0,910,91 p=p=0,6060,606

TG (TG (mmolmmol /L)/L) 2,022,02±±1,211,21 1,131,13±±0,650,65 p=0,095p=0,095

HDLHDL--c (c (mmolmmol /L)/L) 1,161,16±±0,320,32 1,101,10±±0,350,35 pp=0,628=0,628

LDLLDL --c (c (mmolmmol /L)/L) 3,33,3±±1,11,1 3,73,7±±1,131,13 pp=0,333=0,333

ApoAIApoAI ((mgmg //dLdL )) 126,38126,38±±26,326,3 118,8118,8±±24,124,1 pp=0,481=0,481

ApoBApoB ((mgmg //dLdL )) 105,9105,9±±24,524,5 108,8108,8±±20,220,2 pp=0,673=0,673

I+I+

5$�����(��%�����-��(� *�����-�""�#��)�6�"7�+����-��$� #�(��
-������������$#�������������'�����#��

Biochemical dataBiochemical data GenotypeGenotype

C (108)C (108) +896AA (106)+896AA (106) +896AG/GG (2)+896AG/GG (2)

PAIPAI--1 (1 (UI/UI/mLmL )) 7,97,9±±6,66,6 2,22,2±±1,81,8 p=p=0,1230,123

WCB WCB (10(1066//mmmm³³)) 6,26,2±±1,71,7 5,25,2±±3,83,8 p=0,712*p=0,712*

PlaquetsPlaquets (*10(*10³³//mlml )) 231,9231,9±±52,352,3 291291±±18,418,4 pp=0,148=0,148

FibrinogênioFibrinogênio ((g/Lg/L )) 2,672,67±±0,710,71 3,483,48±±0,520,52 pp=0,098=0,098

PCRusPCRus ((ngng //mLmL )) 0,50,5±±1,71,7 0,10,1±±0,140,14 p=p=0,543*0,543*

I3I3

1��2,��'���(���%�����-���(��-�#����$����1��2,��'���(���%�����-���(��-�#����$���� .���""/#��.���""/#�� (��%����(��(��%����(��
�������� ���/�4���'�����#�����/�4���'�����#�� ��

genotype frequencygenotype frequency alellesalelles

Thr399IleThr399Ile
(C1197T)(C1197T) CCCC CT + TTCT + TT TT CC

IAMIAM
(102)(102) 94,12% (96)94,12% (96) 5,88% (6)5,88% (6) 97,0%97,0% 3,0%3,0%

CC
(108)(108)

95,495,4% % (103)(103) 4,6% 4,6% (5)(5) 97,7%97,7% 2,3%2,3%

Teste exato de Fisher Teste exato de Fisher p=p=0,76290,7629 cc22=0,1 (1gl=0,1 (1gl, p=1, p=1,000,000))

I5I5

����'��8��� (�� %�����-�� (�� *��� ��-�""�#�� �� .���""/#�� .9�	
�����$����(�����'�����#���

••('7	 ���"('7	 ���" ••').8��').8��

••&)��8�1&)��8�1 ••'''' ••'�'�

••&&	 8�"&&	 8�" 83.MCD83.MCD
;84<;84<

I.+CDI.+CD
;I<;I<

••&1)11	 �"&1)11	 �" G3.3DG3.3D
;C<;C<

9G.MD9G.MD
;9<;9<

���7�����7�� �Q�Q 4.3C5I4.3C5I

••&	 ��."&	 ��." ••').8��').8��

••&)��8�1&)��8�1 ••'''' ••'�'�

••&&	 ���"&&	 ���" 88.4D88.4D
;94+<;94+<

9.4D9.4D
;9<;9<

••&1)11	 �"&1)11	 �" G4.4G4.4DD
;5<;5<

+4.4+4.4DD
;9<;9<

••���7�����7�� �Q�Q 4.48484.4848

•Nota: Número de indivíduos em parênteses.

ICIC

Biochemical dataBiochemical data GenotypeGenotype

C (108)C (108) +896AA (106)+896AA (106) +896AG/GG (2)+896AG/GG (2)

CT (CT (mmolmmol /L)/L) 4,834,83±±1,121,12 3,593,59±±0,740,74 p=p=0,0840,084

TG (TG (mmolmmol /L)/L) 1,051,05±±0,50,5 0,610,61±±0,040,04 p=0,158p=0,158

HDLHDL--c (c (mmolmmol /L)/L) 1,451,45±±0,380,38 1,251,25±±0,30,3 pp=0,469=0,469

LDLLDL --c (c (mmolmmol /L)/L) 2,862,86±±0,960,96 2,042,04±±1,021,02 pp=0,150=0,150

ApoAIApoAI ((mgmg//dLdL )) 126,38126,38±±26,326,3 118,8118,8±±24,124,1 pp=0,179=0,179

ApoBApoB ((mgmg//dLdL )) 105,9105,9±±24,524,5 108,8108,8±±20,220,2 pp=0,122=0,122

���$�#�#�-�(�'�����%�����-���(��*�� ��-�""�#��)�6�"7 �+�(��
%����.9�	�

IIII

Biochemical dataBiochemical data GenotypeGenotype

PIM PIM -- MascMasc
(62)(62)

+896AA+896AA
(57)(57)

+896AG/GG+896AG/GG
(5)(5)

TG (TG (mmolmmol /L)/L) 2,272,27±±1,251,25 1,201,20±±0,540,54 p=p=0,0520,052

CT (CT (mmolmmol /L)/L) 5,535,53±±1,57 1,57 5,715,71±±1,07 1,07 p=0,652p=0,652

HDLHDL--c (c (mmolmmol /L)/L) 1,121,12±±0,320,32 1,131,13±±0,420,42 pp=0,950=0,950

LDLLDL --c (c (mmolmmol /L)/L) 3,283,28±±1,21 1,21 3,793,79±±1,38 1,38 pp=0,401=0,401

ApoAIApoAI ((mgmg//dLdL )) 124,25124,25±±23,723,7 119,2119,2±±28,5 28,5 pp=0,648=0,648

ApoBApoB ((mgmg//dLdL )) 107,6107,6±±26,826,8 109,2109,2±±24,6 24,6 pp=0,830=0,830

���$�#�#�-�(�'��(����$����(���(����������',#����)/�4 +�(�����
,�(���
-���%�����-���*�� ��-�""�#��)�6�"7�+
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Fatores de crescimento
Fatores inflamatórios
Agentes infecciosos

M4M4

EVOLUÇAO GENÔMICA

�������� �������� �������� ��������

Collins et al., A vision for the 
future of genome research.

Nature 422:835, 24 April 2003

± 39 mil genes
13,54% metabolismo 
ácidos nucléicos;
12,29% com tradução de 
sinal; 
10,22% são enzimas e 
22,0% outras funções.
42% (12.809 genes) de 
função molecular 
desconhecida
Banco de dados com 6 
milhões de SNPs, 500 
mil validados
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