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"The Merbid Anatomy of the Human Genome™ (MackKusick)

Cystic fibrosis (Mucoviscidosis)
Severe progressive disease of

the bronchial system and gastro-
intestinal tract

Disturbed function of a

chloride ion channel by mutations
of the CFTR gene

Autosomal recessive

Gene locus 7q31.3

Disease incidence approx. 1:2500
Heterozygote frequency approx. 1:25

Mutation AFS08 in approx. 70%

A. Cystic fibrosis, a very frequent recessive disease in Europe and North America

Part of chromosome 7
Centromere Marker loci
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| Patient
[ i |and control
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| & ~ Exon/Intron structure
H t ~|Sequencing
‘ — DS Expression

Telomere approx. 1500 kb approx. 250 kb

Chromosomal Long range Chromosome
localization restriction map walking and jumping  Cloning

B. Positional cloning of the gene for cystic fibrosis (CF)

Identification and
characterization

[

N

' Cri-du-chat critical region

Deficiency of complement 6, 7 and 9
Primordial growth deficiency trpe Laron
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(several forms)

ESpinaI muscular atrophy (several types) ©
B-hexosaminidase deficiency;
Gz2-gangliosidosis type Sandhoff O

[Famlllal polyposis coli A
Gardner syndrome A
Gene for colorectal carcinoma A
Susceptibility to diphtheria toxin
Cortisol resistance
Deafness, low tone
Pelvic girdle muscular dystrophy ©
Mandibulofacial dysostosis A
Diastrophic dysplasia
Factor Xl deficiency

~~ Craniosynostosis 2 A
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Craniopolysyndactyly type Greig
Diabetes mellitus MODY type Il
Phosphoglycerate mutase deficiency
Argininosuccininaciduria

Chronic granulomatous disease (NCF-1) ©
Zellweger syndrome
Mucopolysaccharidosis Vil
Ehlers-Danlos syndrome type VIl O
Osteogenesis imperfecta (Col1A2) A
Ectrodactyly type 1 A

Cutis laxa (neonatal marfanoid type)
Cystic fibrosis O

Trypsinogen deficiency

Tritan color blindness O
Smith-Lemli-Opitz syndrome
Hereditary persistence of fetal
hemoglobin (one form)
Holoprosencephaly type 3
3-Hydroxyacyl-CoA dehydrogenase
deficiency

Myotonia congenita (two types O A)

Factor XIll deficiency
__— Maple syrup urine disease 3
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| Atrial septal defect
22 . (oneforan}
Deficiency complement
2and4
21-Hydroxylase deficiency ©
Juvenile myoclonic epilepsy
Hemochromatosis O
Methylmalonaciduria
Macular degeneration ©
[Retinitis pigmentosa O
(peripherin defect)
Cystic kidneys, recessive

Metaphyseal chondro-
dysplasia type Schmid

Argininemia

Breast cancer (one form)

Plasminogen deficiency
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/ Hyperlipoproteinemial A
Clutathione reductase
23 deficiency
Plasminogen activator
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12 Werner syndrome
Spherocytosis type 2
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T !s Retinitis pigmentosa 1 O
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Prolonged QT interval in é‘ﬁf}:}

the electrocardiogram (

Syncope |

sudden death Prolonged QT

Autosomal dominant "M

Six genes involved
(LQT1 -LQT6) Torsade de pointes

by

1. Main features 2. Electrocardiogram

Romano Ward syndrome
(Long-QT syndrome)

Type Locus
LQT1 11p15.5
LQT2 7q935-36
LQT3 3p21-24
LQT4 4q25-27
LQT5 21g22.1
LQT6 219211

Gene

KCNQT (KVLQT1)
HERG

SCNAS5
unknown

KCNET

KCNE2

Long-QT and Deafness (Jervell and
Lange-Nielsen) due to allelic mutations

atLQT1 and LQTS
(autosomal recessive)

3. Genetics

A. Long-QT syndrome, a genetic cardiac arrhythmia

Prolonged cardiac
action potential

+47mvV
2
0 3
Current >
clamp
=-85mvV

1
0 100 200 3

1. Increased duration of cardiac action potential

LQT3 (3q21-24) SCNSA=Na

@
5366

4. Na-channel fails to inactivate completely
during phase 0

B. Different molecular types of long-QT syndrome

00 400 500  Milliseconds

LQT1 (11p15.5)

KvLQT1=IKs

Cell membrane

2. Voltage-activated K-channel delayed

in phase 3
U}
LQT2 (7q35-36)

HERG=IKr

3. Voltage-gated K-channel delayed

in phase 3

A shock in time. Implantable de!ibril!ators. such as the
one shown here, are already saving lives.

“My whole body jumped, and I was
hollering pretty loud. But at least those
shocks saved my life” —

remembered 71-year-old patient
Salvatore Viviani, who received seven
shocks soon after his defibrillator was
implanted.
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Molecular Genetics of Human
Blood Pressure Variation

Richard P. Lifton

ypertension is a common multifactorial vascular disorder of lart

m «As the era of focus on

research on monogenic SCIENCE

SMA 19%

diseases comes to a
close, the focus of
genetics research is
turning to studies of
complex, multifactorial
disorders such as
cardiovascular diseases».

m Markus Perola




High Blood Pressure Rising, yet Often Ignored
60% of Americans Have or Are at Risk for High Blood Pressure
By Jennifer Warner
Reviewed By Brunjl
WebMD Medical News on Monday, October 25, 2004

http://my.vebmd.com/content/

60 0/0 JThe Puzz_le of

Hypertension
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35%
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Global Burden of
Cardiovascular Disease
J. Michael Gaziano
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From: Twins in Cardiovascular Genetic Research
Friedrich C. Luft, 2001
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Figure 12. The annual number of publications on genetics or, more specifically,
hypertension genetics, reported in MEDLINE®© for the years 1967-1995.
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Hypertension Candidate Genes
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Welcome to the on-line resource for Hypertension Candidate Genes. Below
is a list of 150 candidate genes. Each gene is clickable and will open to a new
web page showing all available data collected. Available data includes map
location and genetic interval, OMIM number, sequence data, and expression date
for each gene. If you would like a tab-delimited text file of this information, click
here.

List By Gene Mames | List By Gene Symbols | GIST

Genes sorted by functional class
Apalipoproteins | Channels and Transpumel_s | Cytoskeletal and Adhesion Molecules | Endothelins
Fat and Lipid R ion | Gl Regulation | Growth Factors and Hormones
Hypmhalamua Pﬂunary Ansl Intracellular Messengers | Kallikrein-Kinin pathway | Natriuretic Peptides
Angiotensin-Aldost pathway | Steroids | mmpameim Mervous System
Tt 1es and F glandins | M 15

Apolipoproteins

Apolipoprotein A1 (APOA1)

Apolipoprotein A2 (APOA2)

Apolipoprotein C2 (APOC2)

Apolipoprotein C3 (APOC3)

Apolipoprotein C4 (APOC4)

Apolipoprotein E (APOE)

Apolipoprotein E Receptor 2 (APOER2/LRP8)
Channels / Transporters

Aquaporin 2 (AQP2)

ATP-Sensitive K Channel (KCNJB)

Cardiac L type Calcium Channel, alpha-1 (CACNA1C/CACNL1A1)
Chloride Bicarb. Exchanger 1 (AE1/SLC4A1)
Chiloride Bicarb. Exchanger 2 (AE2/SLC4A2)
Chloride Bicarb. Exchanger 3 (AE3/SLC4A3)
Chioride Channel, kidney, A (CLCNKA)
Chloride Channel, kidney, B (CLCNKB)
Glucose Transporter 1 (GLUT1/SLC2A1)
Glucose Transporter 2 (GLUT2/SLC2A2)
Glucose Transporter 3 (GLUT3/SLC2A3)
Glucose Transporter 4 (GLUT4/SLC2A4)
Potassium-chloride cotransporter (hKCC1)

file://F:\Hypertension%20Candidate%20Genes.htm 21.11.2004

Hypertension Candidate Genes Page 2 of 5

Sodium Bicarbonate Cotransporter (NBC/HNBC1)
Sodium Calcium Exchanger 1 (NCX1/SLC8A1)
Sodium Calcium Exchanger 2 (NCX2/SLC8A2)
Sodium Channel (SCNN1A)

Sodium Channel (SCNN1B)

Sodium Channel (SCNN1D)

Sodium Channel (SCNN1G)

Sodium Channel - Heart (SCN5A)

Sodium Chloride Cotransporter (SLC12A3/HTSC)
Sodium Hydrogen Exchanger 1 (NHE1/SLC9A1)
Sodium Hydrogen Exchanger 2 (NHE2/SLCSAZ2)
Sodium Hydrogen Exchanger 5 (NHES/SLCSAS)
Sodium Potassium ATPase alpha1 (ATP1A1)
Sodium-Glucose Cotransporter, renal (SGLT2/SLC5A2)
B-cell KJATP Channel (BIR/KCNJ11)

Cytoskeletal / Adhesion Molecules

Adducin - alpha (ADD1)

Adducin - beta {ADD?)

E Selectln (ELAMJSEQ

Intercellular Adhesion Molecule 1 (ICAM1)
Interceliular Adhesion Molecule 2 (ICAM2)
Intercellular Adhesion Molecule 3 (ICAM3)
Endothelins

Endothelin 1 (EDN1/ET1)

Endothelin 2 (EDN2/ET2)

Endothelin 3 (EDN3/ET3)

Endothelin Convert. Enzyme1 (ECE1)
Endothelin Receptor Type A (EDNRA)
Endothelin Receptor Type B (EDNRB)

Fat and Lipid Regulation

Bombesin-like Receptor 3 (BRS3)

LDL Receptor (LDLR)

Leptin (LEP/OB)

Leptin Receptor (LEPR)

Lipoprotein Lipase (LPL)

Uncoupling Protein 3 (UCP3)

Glucose Regulation

Aldose Reductase (ALDR1)

Amylin (IAPP)

Gastric Inhibitory Polypeptide Receptor (GIPR)
Glucagon (GCG)

Glucagon Receptor (GCGR)
Glucagon-like Peptide 1 Receptor (GLP1R)

file://F:\Hypertension%20Candidate%20Genes. htm 21.11.2004
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Frustrating Search for Hypertension Genes Continues

By
Edward R.
Winstead

July 11, 2003

file://F:\Frustrating%20Search%20for%20Hypertension%20Genes%20Continues.htm

Dcspn.c vears of searching, researchers have yet 1o discover a human gene that controls blood pressure or contributes to hypertension
The worldwide effort has generated a list of chromosome regions that may contain these genes but no specific genes or variants.

Now, a region of chromesome 6 has been added to the list. British researchers discovered the region by “scanning” the genomes of 2,000
pairs of siblings from familics with severe hypertension for DNA they had in common. In addition to chromosome 6, several other areas
were implicated, but the statistical evidence was modest.

The next step is to screen the regions for gene candidates, but the researchers acknowledge that whatever they find will not be the whole
story on the genetics of hypertension,

Indeed, the story seems to be that many genes (or variants) contribute in small
degrees to inherited differences in blood pressure, and that different genes may confer T

risk for ion in different pop
‘Where are all the
“We really don't know how many blood pressure genes there are,” says Mark J. blood _p ressu re

Caulfield of Queen Mary's School of Medicine, London, who led the new study. “We
L
genes?

hope they number 5 or 10, but there could be 20 or more.™

As with other complex diseases, like schizophrenia and heart disease, pinpointing
genetic risk factors for hypertension will not be easy

fic literature. This “met lysis™
in all the study lati It

Consider a recent analysis of data from genome scans for genes published in the
found that no single chromosome region consistently had large effects on blood pressure or hy
was published in the Jowrnal of Hyp in February.

The original genome scans were done at medical centers in the United States as part of the National Heart, Lung, and Blood Institute
Family Blood Pressure Program (FBPP). The subjects came from different ethnic groups and represented the racial diversity of the LS.
population.

The new research is part of the Medical Research Council's BRItish Genetics of HyperTension (BRIGHT) study. The findings appear in
The Lancer along with a commentary entitled “Where are all the blood-pressure genes?”

Citing the challenges of finding genes underlying common discases, the commentary 's author, Stephen B. Harrap of the University of
Melbourne, Australia, suggests that it simply may not be possible to discover gene variants for hyperiension that would be valuable in the
diagnosis of the disease,

Rather than search for every gene variant underlying hypertension, he argues, the ficld needs to “search for molecular clues to the common
physiological mechanisms underlying disease.”

The study in The Lancet may ultimately lead to new risk factors for severe ion. Mone of the ct regions in the study
was associated with the disease in humans until now. But part of chromosome 2 corresponds to a region of the rat genome associsted with
elevated blood pressure,

“We are encouraged by this because it means we may have found a region that actually contains genes” for hypertension, says Caulfield.
“We're making some progress, though perhaps not as much as we would like,”

“If finding the genes were easy, we would not have undertaken such large studies.”

Caulfield, M. et al. Genome-wide mapping of human loci for essential hypertension. Lancet 361,
2118-2123 (June 21, 2003).

Harrap, S.B. Where are all the blood-pressure genes? Lancet 361, 2149-2151 (June 21, 2003).

Province, M.A. et al. A meta-analysis of genome-wide linkage scans for hypertension: The
National Heart, Lung and Blood Institute Family Blood Pressure Program. American Journal of
Hypertension 16, 144-147 (February 2003).
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Indeed, the story seems to be that
many genes (or variants) contribute
in small degrees to inherited
differences in blood pressure, and
that different genes may confer risk
for hypertension in different
populations
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January 2000 GENETIC HYPERTENSION IN RATS

TABLE 1. Rodent strains selectively bred for blood pressure

Year First Reported
Strain i Original Stock (Reference No.)

New Zealand (Dunedin): genetically hypertensive (GH) rats Wistar derived Smirk and Hall, 1958 (234)
USA (Brookhaven): Dahl salt-sensitive (S) and Dahl salt-resistant Sprague-Dawley Dahl et al., 1962 (30, 31)
(R) rats
Japan (Kyoto): spontaneously hypertensive rats (SHR) Wistar derived Okamoto and Aoki, 1963 (175)
Japan (Kyoto): spontaneously hypertensive rats-stroke prone Wistar derived Okamoto et al., 1974 (176)
(SHRSP)
Israel (Jerusalem): DOCA salt-sensitive (SBH) and resistant (SBN) Unknown Ben-Ishay et al., 1972 (7)
rats
France: Lyon hypertensive (LH), Lyon normotensive (LN), and Lyon Sprague-Dawley Dupont et al., 1973 (63)
low blood pressure (LL) rats
Italy: Milan hypertensive strain (MHS) and Milan normotensive Wistar Bianchi et al., 1974 (8)
(MNS) rats
The Netherlands (Utrecht): fawn-hooded hypertensive (FHH) and Greman brown X white Kuijpers and Gruys, 1984 (124)
fawn-hooded low blood pressure (FHL) rats Lashley
Russia (Novosibirsk): inherited stress-induced arterial hypertension Wistar derived Markel, 1985 (158)
(ISIAH) rats
Czech Republic: Prague hypertensive rat (PHR), Prague Wistar derived Heller et al., 1993 (80)
normotensive rat (PNR)

USA (University of Kansas) Eight-way cross of inbred Schlager, 1974 (217)
strains

Canada (Halls Harbor) Cardiomyopathic X gold Thomas et al., 1997 (252)
Syrian hamsters

Kinds of lines developed in each model were as follows: H, line selected for high blood pressure; C, control line, unselected, random bred; L,
line selected for low blood pressure.

From: John P. Rapp, 2000




ISTAH rat strain: An experimental
model of stress-sensitive arterial
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Basal and stress-induced BP levels
in WAG and ISIAH rat strains

WAG, WAG, ISIAH, ISIAH,
basal (12) stress(12) basal (12) stress (12)
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From: John P. Rapp, 2000

CHROMOSOME 9  Blood Pressure Oneway ANOVA Blood Pressure Effect
by Genotype =SS -RR (mm Hg)
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Common or reproducible blood pressure QTL identified in
several independent experiments
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From: John P. Rapp, 2000
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=

Eitect of SNP genotype on the change in blood pressure after |2 weeks of treatment for the ten SNPs
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Kpbic Wistar
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Bospacr, mec.

CopepxaHue NpoayKToB
NepPEeKNCHOro OKNCIIEHUS
nunmngos (MOJ1) B nnasme
KpoBu kpbic OXYS noseblLLe-
HO N CBSI3aHO C BblpaXXeHHO-
CTbIO NATONOrNMYECKUX n3me-
HeHuW. [posBneHnsa paHHe-
o CTapeHnsa opraHa 3peHud
y Kpbic OXYS obycnosneHo
OKUCIUTESTbHBbIM CTPECCOM,
4YTO NOATBEPXKOAETCHA BbICO-
KO 3(pPEKTUBHOCTLIO aHTU-
OKCUMOAHTOB B NX Npodounsiak-
TUKE.

2.1.1. Bnok 3 (H.I'. KonocogBa)
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HeraruBHasi peakuus
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BHe3annoe nosaBieHUe 3BYKOBOI'O UJIU
3pUTEIILHOrO CTUMYJIa
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Basal NO availability after infusion of the adenovirus encoding endogenous
eNOS cDNA driven by cytomegalovirus promoter

(From Anna F. Dominiczak et al., 2000)
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Gene Therapy for Common Acquired Diseases of the Heart
The Sirens’ Song

Eduardo Marban, MD, PhD

Then the queenly Circe spoke in words and addresse
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come first of all to the Sirens, who are enchanters of a med W'lth the S]Iens

whoever comes their way: and that man who un: -

proaches them, and listens to the Sirens singing, has
coming home. You must drive straight on past. . .

presents myriad opportunities. No physic
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The song we hear 1s all the more
. Seductive because it originates deep within ourselves. Nev-

The prospect of using genes as theraf emlEIESS’ ﬂll,r rnles as phys._iCians and a.s gl]ﬂl'dialls Of the

e cperie e pover of s oo yyiylie frust dictate that we do ali we can to resist the

device repertoire and focus instead on reeng
culprit tissue by somatic gene transfer? The
genomic information leaves us with an emba

temptation to jump into human studies until we have gathered

res intemsof potenial respeniosgns V. yyrerwhelming evidence for both safety and efficacy. For the

Genes can readily be tailored to exhibit special §

found in nature, altering the function of their prowi prouuces
for specific ends. Alternatively, wild-type genes can be
expressed in tissues where they are normally silent.

See p 1578

In this issue, Weig et al' describe a clever application of the
latter approach: V2 vasopressin receptor genes, usually ex-
pressed only in kidney, were delivered to myocardium
packaged in recombinant adenoviruses. Expression of these
adenyl cyclase-activating receptors in the myocardium con-
verted the basal negative inotropic response to infused vaso-
pressin into a positive one. Because vasopressin levels are
elevated in heart failure, a situation in which B-receptors are
uncoupled from cyclase,? ectopic expression of V2 receptors
would logically be predicted to recruit cAMP-mediated con-
tractility in failing myocardium while bypassing the desensi-
tized B-adrenergic pathway. The work has conceptual beauty.
It also presents 2 important methodological innovations: first,
the use of in situ viral transduction followed by myocyte
isolation to enable careful phenotypic characterization of
genetically altered cells; second, the adaptation for in vivo
use of previously described strategies for optimizing transcor-

The opinions expressed in this editorial are not necessarily those of the
editors or of the American Heart Association.

From the Institute of Molecular Cardiobiology, Johns Hopkins Uni-
versity School of Medicine, Baltimore, Md.

I T = S

long-term studies with the sam
not suffice and may potentia’
myocardial diseases such as b
fundamental properties of exc
fer so greatly between mice a
humans) that conclusions so
Nevertheless, mice can help 1
candidate genes, and larger ¢
platform for pushing the enve
No matter how smart we th
our animal studies may be, we
when it comes to real therapet
with well-reasoned but ultimat
misadventures, notably with at
patients® and with phosphoc
failure.® In such cases, at
terminated as soon as adverse
therapy has the potential dange
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correct a well-defined genetic disorder; instead, genes are
used to manipulate the very workings of the diseased organ,
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Editorial

Korotkov sounds — what do we know about
this 100 year old discovery?

This year, 2005, is the
100" anniversary of one of
the most famous discover-
ies in the field of hyperten-
sion:  the auscultative
method of blood pressure
measurement, The method,
named after the Russian
physician and  scientist
Nikolai Seracievich Nikolai Sergeievich Korot-
Korotkoy (1874-1920) kov (1874 =1920), has now
been widely used for one century. Unfortu-

nately, while the method itself and the name of

its inventor are world famous, much less is
known about the history of this outstanding dis-
covery and the real role of Korotkov in the inter-
pretation of the discovered sounds and the
implementation of the new method into clinical
prEIL C.
Korotkov was only 31 years of age when he
made a short presentation at the Scientific Meet-
ing of the Military Hospital of the Imperial Mil-
itary. Academy about_an_edsy. n asive
method of blood pressure measurement. This
was on November 5, 1905. The brief title of his
presentation was “Concerning the problem of
the methods for investigating blood pressure™.
He described the following sequence of sounds:
first sound, ten murmurs, loud sounds, decreas-
ing sounds and complete disappearance. These
observations are now classified as different
phases of the Korotkov sounds, Later, Russian
sts and investigators all over the world
continued to find an explanation for the auscul-
tative phenomenon. Although our modern
understanding of the nature of the sounds has
changed, the method remains the standard for
hypertension diagnosis and management. Even
today, 100 years later, devices are being devel-

continwed on page 2

WHL News

Report from the 6™ International
Sympaosium on Hypertension and Related
Diseases from October 15-18, 2004 in
Beijing, China

On the occasion of this Symposium, the World
Hypertension League (WHL) held a Regional
Meeting on the Prevention of Hypertension,
It was chaired by Prof. Liu Lisheng, Vice Presi-
dent of the WHL, Prof. Zhou Beifan, and
Dr. Claude Lenfant, President of the WHL.
There were 8 presentations describing research
and public health activities in the respective
countries.

Dr. Lenfant summarized 4 studies from the
United States which exemplify the significance
and effectiveness of programs to reduce excess
weight. to encourage physical exercise, and to
reduce salt and alcohol consumption to main-
tain, or reduce blood pressure (BP) to a normal
level (i.e. <140/85 mmHg). He noted that to
control  hypertension we have the choice
between pharmacological and preventive inter-
ventions: he concluded that preventive inter-
ventions are effective and far less costly than
pharmacological regimens.

continued on page 2
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Initiated by the World Hypertension League

Saturday, May 14, 2005

The objectives of the World Hypertension League are o

hypertension in  populations. Bringing fogether and
lati izati i o the control of

‘ ] promote the detection, control and prevention of arterial

hypertension is the goal and the raison d'étre of the WHL.

HYPERTENSION - THE SILENT KILLER
KNOW YOUR BLOOD PRESSURE

GENERAL RULES FOR BLOOD PRESSURE MEASUREMENT
v Rest for 5 minutes before measurement
v Refrain from smoking or ingesting caffeine for 30 minutes prior lo measurement
Be seated with feet flat on the floor, back and arm supported, and arm at heart level
Use appropriate sized cuff
v Use recently validated device
v An average of two or more readings should be taken, at least two minutes apan

Under special circumstances measuring blood pressure in standing and supine positions may be
indicated.

For further information see the WHL website at www worldhypertensionleague. org




190 mm Hg

115 mm Hg systolic
diastolic
’E_umwuy Ay f

i A A A
Lia_\\.\\\.\.\.LL\.\\\\.\.K‘ \\\1\\. “;\_\'_J\“ Bt e

/

.—"'/
i

d"_-/’

-~ Tail cuff pressure

Puls of the tail

ﬂn\;hﬁnfnﬁnﬁ‘\r;.’i
S0 | G| R S B

f \\\\\ \ \k\\?‘

\\\\\\\\\\\\

" }

100 mm Hg

Tail-cuff blood pressure measurement




s

RS e




Nervous growtin factor
receptors fiamily

L. Tessarollo

BDNF NT-4/5 NT-3

™ o0 e
[ > -»‘9"-—*“

Trk B Trk C
TK-T1 TKT2 FL  TKT1 TK-T2

oKD

AR




GENOTYPE-ENVIRONMENT INTERACTION IN
HYPERTENSION DEVELOPMENT

- Genotype-dependent

hvpertension
Hypertensi
- Environment-dependent
4 hypertension

Normotension - Normotension
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- Hypertension dependent
on genotype-environment
interaction

- -"Hypertensive" genes or
environment environments

- - "Normotensive" genes or
environments
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lNMeyeHb cekpeTupyeTt
NIMNONPOTEUHbI OYEHb HU3-
KOW NNIOTHOCTWN, BK/lOYalo-
wure acpupbl XonectepuHa
M Tpurnuuepuabl B 060-
nou4ke us ¢poconunmaos
u anonunonpoTteuHa B-100

JNlvnonpoTtenH HU3KOU
nnotHoctu (LDL) — rnaB-
HbIW HOCUTESNb XOonecTe-
puHa B nnasme KpoBU U
OAMH 13 rnaBHbIX ak-
TOpPOB cepAe4Ho-
COCyAUCTON NaTonorm

HOCUTEJIN XOJIECTEPUHA

MyTauum cHuxarowime
KITUPEHC XoJiecTepuHa
nfa3Mbl KPOBMU

|

CemenHas runepxonecrepmHeMus:
myTauum (>600 BapmaHTOB) reHa,
koaupytowero LDLR (retepo3urotbl —
1:500, romo3urotbl — 1:1 000 000)

HapyweHus ceasbiBaHusa LDLR ¢
nuraspom — APOB-100: HapyLieH
KNUpEeHC XonecTepuHa nna3mMbl KpOBU
BCcrneacTeue mytauum reHa APOB-100
(reteposuroTsbl — 1:1000)

CutocTeponemus — HapyLueHue
TpaHcnopTa u abcopbunmn
XorecTepuHa B NPOCBET KMLLIeYHUKa:
myTauum reHoB ABC G5 n ABC G8
(BCTpEyvaroTCs peako) — HakonneHme
XOJiecTepmMHa B ne4YeHU U nogasneHue
cuHte3a LDLR

NMnepxonectepuHemus: peakas
aytocomanbHaa myTtauus (1:10000000)
reHa ARH npuBoAUT K HapyLUeHUIO
¢yHkumu peuentopa LDLR
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