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Plasma Levels of LDL as a
Model Complex Quantitative Trait

« Easy to measure

* Small intra-individual variation (~10%)
» Large inter-individual variation (3-fold)
« Variation ~ 50% genetic

» Well characterized metabolic pathway
* Clinically important
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LDL-ChoIesferoIi Levels In
Industrialized Societies
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Single Gene Disorders:
Hypercholesterolemia

Disease Gene Prevalence Defect

Autosomal Dominant
Famllial Hyperchol. (AD) LDLR 1: 500 LDL Clearance
Famlllal Def. ApoB (AD) APOB 1: 1,000 LDL Clearance

FH3 PCSK9 ? ?
Autosomal Recessive

ARH (AR) ARH <1:1X10® LDL Clearance
Sitosterolemia (AR) ABCGS <1:1X10%  Chol. excretion
ABCGS




Missense Mutations in PCSK9 Cause
Dominant Hypercholesterolemia

PCSK9: proprotei tase subtilisin/k

S127R F216L D374Y
l | | 3
lse|Prodomain Catalytic domain | C-terminal _|
Auflocafafﬂia DH N S 692
cleavage

VFAQ|SIP

in type 9 serine protease

< Embryo: liver, cerebrum, renal cortex
Adult. liver, small intestine, cerebellum, renal medulla
* Regulated by SREBP2, the master regulator of
cholesterol metabolism

Abifadel et al. (2003) Nat. Genet. 34:154
Seidah et al. {2003) PNAS 100:928

Hepatic LDLR Number is Inversely Related
to Plasma LDL Levels

LIVER __ L Receptors

BLOOD

Maxwell et al. Proc Natl Acad Sci (2004) 101:7100
Horton et al. J Biol Chem. (2004) 279:50630

PCSK9 Promotes Degradation of LDLR
(no change in LDLR mRNA)

" LDLR
— . 4
. PCSK9 - protein— | LPL-C

Missense mutations — Gain-of-function

4 DR _, [f
PCX( 9= protein - MPLC

Nonsense mutations — Loss-of-function




Dallas Heart Study

2000-2002

Survey

n = 3,556: ages 30-65
50% Black
30% White
17% Hispanic

3% Other Victor ot al., Am. 1 Cardiol 83: 147380}

Do Loss-of-Function Mutations Cause
Low LDL-cholesterol?

Dallas Heart Study (DHS)

%

64 Whites
64 Blacks Plasma LDL-C Levels
(mg/dL)

Loss-of-Function Mutations in PCSK9

Y142X

Ce79X

B

One out of every 50 African-Americans
in DHS has a nonsense mutation in PCSK9

Coban of al. Nat Genal 37:161-165




Haplotype Analysis of PCSK9
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Distribution of LDL-C in African-Americans
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No nonsense
mutation in PCSK9

Y142X
or
C679X

Cohen ef al. Nat Genet 37:161-185

LDL Size and Metabolism in African-
Americans with PCSK9 Nonsense Mutations

Y142X+
Normal C679X
n 1,769 33
LDL-C 105+/-37 63+/-23*
Campesterol:C™* 1.5+/-0.9 1.8+/-1.0
Lathosterol:C** 0.7+/-0.4 0.7+/-0.5
LDL diameter (nm)¥ 21.1+/-0.7 21.2+/-0.6
Hepatic TG (%)¢ 3.1% 2.0%
** Gas chromatography * P<0.001

€ Praton magnetic resonance spectrascopy

T Nuclear magnetic resonance * Kotowski ef al. Am. J Hum Genet. 2008




Sequencing the Extremes: Dallas Heart Study
High LDL: > 95th percentile (B & W)
Low LDL: < 5th percentile (B & W)
Blacks (n=89), Whites (52)

Dallas Heart Study (DHS)
%
52 Whites 52 Whites
89 Blacks  Plasma LDL-C Levels 89 Blacks
(mg/dL)

* Kotowskl et al. Am, J Hum Genet. 2006

Distribution of LDL-C Levels in DHS: Untreated
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Expression of Loss-of-Function Mutations
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Mechanism of Action of PCSK9

The Dallas Heart Study
The Human Biology Laboratory

Exquisite Phenotyping
Extensive :ienotyping
GeneticTJiversity
FaminIMech:nistic Studies

FOCUS ON LOCAL SCIENTIFIC EXPERTISE




Family DHS20 Contains PCSK9 Y142X
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Major LDL-Lowering Trials: ~20-30%
Reduction in Coronary Events
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Relationship to CAD: Atherosclerosis
Risk in Communities (ARIC): Initiated 1987

)

Eric Boerwinkle
U of Texas-Houston

4000 per site ', o
Age: 45-64 y oy

Total n=15,792;£—_::‘\\‘

Relationship to CAD: Atherosclerosis
Risk in Communities (ARIC)

» Eligible: African-Americans: n=3,716
Caucasians: n=10,045

* Mean age at baseline: 53 y

* Mean follow-up: 15y

» Endpoints: Incident Mi, CHD death,
coronary revascularization

Eric Boerwinkle, UT Houston

Cardiovascular Risk Factors in
African-Americans in ARIC
Non-carriors Carriers P-value*
n 3278 85
(%) (97.4%) (2.6%)
Aget — yr 5316 54+6 0.61
Sex —% men 7 3 0.22
BMI — kg/m? 29.6+6.1 29.545.2 0.88
TC - mg/dL 215+ 44 173+ 44 <0.001
TG - mg/dL 113481 94138 0.04
LDL-C-mg/dL  138+42 100+ 43 <0.001 28% ‘
HDL-C-mg/dL  §5+17 55116 0.716
HTN (%) 55 a7 0.001
Diabetes (%) 18 13 0.256
Smoking (%) 30 27 0.625
Hypertension: SBP>140; DBP>90, medication
ial : FBS>126 mg/dL; NFBS>!




Nonsense Mutations in PCSK9 is Associated with
28% Reduction in LDL-C in ARIC
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12

HTN - 55%

Diabetes - 18:/: £ _ 68 y old obese,

Smoking -30% | ©g gl hypertensive
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2 @ family history of
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S LB A

*
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mutations |_cezsx_| =~ | + | *P=0.008

Hazards ratio = 0.11 (CI: 0.02-0.8, P=0.03)

Cardiovascular Risk Factors in
Caucasians in ARIC

n. igr i . S

n (%) 9,223 301 (3.2%) =
Aget —yr 5416 5416 0.563
Sex — % men 45 46 0.839
BMI - kg/m? 26.944.9 26.844.5 0.509
Cholesterol-mg/dL 214440 194437 <0.00014
Triglyceride—mg/dL 133187 135489 0.791
LDL-C — mg/dL 137437 116433 <0.0001 15%‘
HDL-C — mg/dL. 51417 52417 0.636
Hypertension? (%) 25.0 24.6 0.872
Diabetes® (%) 8.0 7.3 0.681

king? (%) 24.6 25.2 0.804

Hypertension: SBP>140; DBP>90, medication
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PCSK9-R46L Associated with 15% Reduction
in LDL-C in Caucasians in ARIC

30+ :~—5mn percentile
T
20} [ .
| Noncarriers
S} H : H i (n =9,223)
& ol Il [l [
& 1
S 1
oaf s
Y 20} man i
{ 1 Carriers
1
10+ i (n =301)
p ﬂ 1 Hﬂh 3.2%

50 100 150 200 250 300
Plasma LDL-C (mg/dL)

Cardiac Events Reduced 2-fold in Caucasians
with a Missense Mutation in PCSK9
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P=0.003

Coronary Heart
Disease (%)
»
T

l&rrier l - +

HR=0.5 (Cl: 0.32-0.79, P=0.003)

Mutations in PCSK9 Associated with
Reduced Carotid Atherosclerosis in ARIC

Non-carriers Carriers P value

African-

Americans:

Number 3278 85

Percentage (%) 97.4% 2.6%

Carotid IMT (mm) 0.73+0.16 0.70+0.13  P<0.04
Caucasians:

Number 9,223 301

Percentage (%) 96.7% 3.3%

Carotid IMT (mm) 073+0.18 0.71+0.16 P<0.005
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LDL Lowering Therapy

A little too little A little too late
NCEP Guidelines Age at Onset of
140 e Rx (years)
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PCSKO Inhibitors: Magnifying the LDL-
Lowering Effect of Statins

| Statins|
SREBP-2

LDLR —p +LDLR W/e—pcohb «—pCsko
mRNA protem mRNA

ﬂ ﬂ LDL-C X

Overview of General Strategy

GENES TRAIT PUBLIC
HEALTH
== ﬁ@ G- 4
LDL-choIasterol * Targets

« Stratification
« Treatment
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HHMI - UT Southwestern

Jonathan Cohen
Ingrid Kotowski
Alex Pertsemlidis
Rita Garuti
Zhenze Zhao
Yetsa Tuakli-Wosormu

Jay Horton
Tom Legace

Dallas Heart Study Investigators:

ARIC
Eric Boerwinkle
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