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Coronary heart disease (CHD) has pre-
sented high prevalence in the Brazilian popu-
lation. Nevertheless, studies of genetic risk
factors for CHD in our country are insuffi-
ciently carried out. We have investigated the
effects of Ava Il (exon 13) and Hinc Il (exon
12) polymorphisms at the low-density lipo-
protein receptor (LDLR) gene on circulating
lipids of 170 white unrelated individuals pre-
senting a lipid profile with high risk for CHD
(HRG) and 130 controls (CG) from Sé&o
Paulo City, Brazil. Ava Il and Hinc Il poly-
morphic regions at the LDLR gene were
amplified by PCR and analyzed by enzymatic
isotyping. The frequency of the genotypes

A+A+ (Avall) and H+H+ (Hinc Il) was greater
in HRG group compared to that of the con-
trols (32 vs. 16% and 32 vs. 18%, respec-
tively). Moreover, in the HRG group, A+A+
and H+H+ genotypes were associated with
high concentrations of total cholesterol and
LDL-C in serum (P = 0.0001). Our results
indicate that Ava Il and Hinc Il polymor-
phisms at the LDLR locus contribute to the
variability of total cholesterol and LDL-C lev-
els in HRG individuals. These data suggest
that the LDLR polymorphism remains a use-
ful genetic marker for predicting CHD
risk. J. Clin. Lab. Anal. 13:251-258, 1999.
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INTRODUCTION terol levels (9).Common apolipoprotein E polymorphisms

h%\ﬁe been shown to contribute to the magnitude of choles-

Coronary heart disease (CHD) is the leading cause of detgrol response in several dietary intervention studies (10-13).

in industrialized societies and is fast becoming the Ieadiprgaddition olvmorphisms of the apolivoprotein B gene
killer in the entire world (1,2). Hence, the early identifica- » POlymorp Polipop gene,

. . . . . . evaluated by RFLP using the enzymxédm |, EcoRl, or Pvu
tion of subjects at risk of developing CHD is an |mportar|1|t are associated, although inconsistently, with the variabil-

publlc_hea_lth ISSUE. Serum levels .Of choleste_rol and Cho'ﬁffof the serum cholesterol levels (14,15). Considering the
terol-rich lipoproteins are the main metabolic markers g

. . . ._gcrucial role of the LDL receptor (LDLR) in cholesterol ho-
atherogenesis and subsequent heart disease. Epidemiologi- . ) . L

. : meostasis (16), common genetic alterations in this gene may

cal and clinical studies have demonstrated that elevated cjr- : o .
. P . also contribute to variation in plasma cholesterol levels in the
culating levels of low-density lipoproteins (LDL) are :
" o } eneral population.
positively correlated with increased risk of atherosclerosrs,
. oo . The human LDLR gene was cloned, sequenced, and evalu-
whereas elevated levels of high density lipoproteins (HDL) . . : . .

i Lo .ated in many studies of patients with familial hypercholester-
are negatively correlated with risk and may be protective
against atherosclerosis (3-7).

Genetic and dietary factors influence serum cholesterol

levels, but detailed mechanisms of their interplay are not Wglhnt sponsor: CAPES, Brazil.
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olemia (17—-21)A large number of rare mutations in the LDLRneasured by enzymatic assay after phosphotungstic acid and
were characterized at the molecular level (22-25), and thagignesium precipitation (35). Low-density lipoprotein cho-
greatly contributed to our understanding of the structure-furiesterol (LDL-C) was calculated using the Friedewald equa-
tion relations of this protein. Other sequence changes in tioe when the triglyceride levels did not exceed 4.8 mmol/L,
LDLR gene have only a small effect on the function of trendvery low density lipoprotein cholesterol (VLDL-C) was
receptor and could influence the lipid levels within the nocalculated using the formula TG/5 (36).
mal population.

The polymorphic nature of the LDLR locus was demorpNA Isolation and PCR Amplification
strated by the existence of several RFLPs within this gene ,
(26-28). Until now 33 polymorphisms in the LDLR gene were S€nomic DNA was extracted from blood leukocytes by a
reported using 25 different restriction enzymes. Howevé&f!ting-out procedure modified in our laboratory (37). The

their significance in affecting plasma cholesterol levels f&/a!l and Hinc Il polymorphic regions at the LDLR gene
not well known. Recently, an association between plasff§"® amplified by polymerase chain reaction (PCR). We used

cholesterol levels and the genotypesieall polymorphism two ;ets of primers. Ong ;et was dgrived from DNA sequences
(exon 13) at the LDLR gene was shown in normolipidemf{i2nking anAvall restriction site in exon 13 of the LDLR
individuals from Italy (26) and the United States (29). Simfi€ne (29). The amplified fragment was 228 bp. The other set
lar observations were demonstrated in hypercholesterolef2S from DNA sequences flankinginc Il restriction site
patients from a London population (38nother polymor- N €xon 12 (22). The amplified fragment was 210 bp.

phism at the LDLR gené{inc Il (exon 12), was described Genomic DNA (500 ng) was used for a0 PCR reac-

showing association with differences in plasma cholesteH9n containing 10 mmol/L Tris, pH 9.0, 50 mmol/L KCI, 1.5
levels (13,31). mmol/L de MgC}, 0.2 mmol/L deoxynucleotide triphos-

We have studied the distribution of two polymorphic lo@nates, 100 nmol/L of each primer, and 1.Z&agDNA poly-
at the LDL receptor gene detected whtia Il and Hinc II merase.Amphﬁcann of thavall andHinc Il polymorphlc
restriction enzymes, and evaluated their significance in &9'°Ns Was performed for 28 cycles at@3or 1 minute, at
fecting plasma lipid concentrations in individuals with high® C for 2 minutes, and 72 for 1 minute.

risk for CHD and controls residing in S&o Paulo City, Brazil.
Restriction Isotyping

MATERIALS AND METHODS Amplified products were digested withrall or Hinc Il, and

the resulting fragments were separated on 2- or 4%-agarose gels

stained with ethidium bromide, and visualized on UV light. The
The study group consisted of 170 white unrelated individdigestion of the 228-bp PCR-amplified products with the re-

als (35 men and 135 women), ages 35-79 years (meanstsi@tion enzymeivall revealed two fragments of 141 and 87

years). They were selected from among those attending lipe indicating the presence of the restriction site (A+ allele).

Heart Institute of the University of Sdo Paulo (S&o Paulo Cifjhe digestion of the 210-bp PCR-amplified product with the

Brazil) who presented a lipid profile suggesting high risk faestriction enzymélinc Il yielded three fragments of 110, 62,

CHD, a condition determined according to the National Chand 38 bp when thdinc Il restriction site (T-to-C transition at

lesterol Education Program (NCEP) (32). The control grobjase 1773) was present (H+ allele). The H- allele was identi-

consisted of 130 white unrelated normolipidemic healthy ified by the presence of two fragments (148 and 62 bp) indicat-

dividuals (55 men and 75 women), ages 30-78 years (mang,C-to-T transition at base 1725.

44 years), from Sao Paulo City. None of them had gastrointes-

tinal, thyroid, liver, or renal disease, or had diabetes mellitggatistical Methods

And, none of the patients were treated with lipid-lowering _ . o ) ) ) )

diets or drugs at the time of blood sampling for determina-Pifferences among lipid and lipoprotein concentrations in

tion of lipoprotein parameters. The study protocol was aifférent groups of individuals were compared using the
proved by our hospital’s ethical committee, and informegfudentsi-test (38)Allele frequencies and genotype distri-

consent was obtained from each participant. bution for each polymorphic site were estimated by gene
counting. Chi-square analysis was used to test Hardy—

Weinberg equilibrium, and for comparison of allele frequen-
cies and genotype distribution between the studied groups.
Serum lipid levels were determined from blood sampl@he sampling distributions of all the quantitative variables

collected after overnight (> 8 hours) fast. Triglycerides (T®Jere tested for normality, and were Jagnsformed to ob-
were determined by enzymatic assay (33), and total cholesn normal distribution. To evaluate the effect of each poly-
terol (TC) was assayed by the esterase-oxidase method (B%®rphism on the variation of quantitative variables of lipid,
High-density lipoprotein cholesterol (HDL-C) levels wer®ne-wayANOVA or Tukey—Kramer was performed (38). Two-

Subjects

Lipid Measurements
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Way ANOVA was used to evaluate the interaction betweéﬁBLle 2. Compari;on <|3|f geéltﬁypeltljiStflibutionhand relatir\]/e
} ; } e frequencies ofvall and Hinc Il polymorphisms at the
ggrl:gggee-r?weez(o)g;fs,a?zpaﬁa};p%gr?]r;%enrénqteo?(\)/tz}i/rri)aenigea'nﬁR gene in Caucasian Brazilian individuals with high risk

. > . : . _V.éoronary heart disease (HRG) and controls (CG)
sis was used to determine the phenotypic variance on lipid

traits (38). Men and women were analyzed separately withiglymorphism Genotype distribution ____ Allele frequency
each group. Women were further categorized as either pxexli A+A+ A+A— A-A- A+ A-
menopausal and postmenopausal, and the data were reldR@-{n = 170) 32% 47% 21% 0.56 0.44
lyzed. Significance was considered to be at the 5% level. € (" = 130) 16% 2 gt 26% ()’(-24? et
Hinc Il H+H+  H+H- H-H- H+ H-
RESULTS HRG (n = 170) 32% 47% 21% 056 0.44
Lipids and Lipoproteins CG (n = 130) 18%  55% 27% 045 0.55
X2=772 x? = 6.55

Table 1 presents lipid and lipoprotein values (me&M) 2./ indicates presence/absence of restriction site.
in serum from 300 white unrelated individuals from BrazitP = 0.0083, 2 degrees of freedom (df).
TC,TG, LDL-C, and VLDL-C levels were higher in the indi-P = 0.0211, 2 df.

viduals with high risk for CHDR = 0.0001). HDL-C levels ‘P=00105 1df. ,

L Hardy—Weinberg EquilibriumAvall Genotypes: HRGy“ = 0.34 (1 dfpP =
were similar between both groups. NS) and CGx? = 3.53 (1 dfP = NS); Hinc Il Genotypes: HRGx? = 0.34
(1 df,P = NS) and CGx? = 1.79 (1 dfP = NS); NS, not significant.
Allele Frequencies

Table 2 shows that the distribution patterns ofAka ll 125

andHinc Il polymorphisms of the individuals with high risk
for CHD (HRG) were different from those of the controls T
(CG). HRG subjects showed high frequency of g II ~ 1007 Genotypes
(A+) andHinc Il (H+) alleles compared with controls. The 3 « — A
distribution ofAvall andHinc Il genotypes of the HRG group E 7.54 ) A+A-
were also different from that of the control group. Whensg C—IAA-
Hardy—Weinberg equilibrium was evaluated we observed th&g 50.
Avall and Hinc Il genotypes were in equilibrium in HRG §
and CG subjects. S
2.5
LDLR Genotypes and Lipid Profile
The influence oAvall polymorphism at the LDLR gene 00- TG HDLC LDL-C VLDLC
on lipid profile of the HRG group is shown in Figure 1 Lipids
(top). Individuals carrying the A+A+ homozygous geno-
type presented higher TC and LDL-C levels compared to
other genotypes. 12.57
Table 3 shows the lipid levels in serum of individuals from

the HRG group witlAvall genotypes (A+A+,A+A—, andA— ~ 10.07 Genotypes
A-) distributed by gender. As we can see, the effect of th@ — e
A+A+ genotype on TC and LDL-C levels in women is simi- £ 7.5- * Het

< O HH
TABLE 1. Serum lipid values of the Caucasian individuals % 5.0
with high risk for coronary heart disease (HRG) and Q
controls (CG) 3 55

HRG® cG
Lipids (n=170) (n = 130) pP 0.0-
: TG HDL-C LDL-C VLDL-C
Total cholesterol, mmol/L 7516 4.5+ 0.6 0.0001 .
Triglycerides, mmol/L 2416 1.1+ 0.4 0.0001 Lipids
HDL-cholesterol, mmol/L 1.304 1.3+ 0.3 0.3160 _. . S )
LDL-cholesterol, mmol/L 5215 2.8+ 0.6 0.0001 F.|g. 1: Serum lipid values (mean SD) from Braznlan individuals with
VLDL-cholesterol, mmol/L 0.9 0.4 0.5+ 0.2 0.0001 high risk _for coronary heart disease groupedwall genotypes (top) and
grouped inHinc 1l genotypes (bottom).P < 0.05; TC, total cholesterol;

#alues are mean SD. TG, triglycerides; LDL-C, LDL cholesterol; HDL-C, HDL cholesterol;

5P values from Studentistest. VLDL-C, VLDL cholesterol.
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TABLE 3. Serum lipid levels among LDL receptor/Ava Il genotype in Brazilian individiuals with high risk for coronary heart
disease separated by gender (n = 170)

Men Women

A+A+ A+A- A-A- A+A+ A+A— A-A-
Lipids? (n = 10) (n = 20) (n=5) = (n = 44) (n = 60) (n=31) pP
TC, mmol/L 8.4+ 1.8 6.9+ 0.7 6.9+ 0.7 0.0088 8.623 7.2£0.9 7.0£0.9 0.0004
TG, mmol/L 29+15 25+1.1 2.7+1.2 0.6469 2320 22+1.2 24+2.1 0.9961
HDL-C, mmol/L 1.2+04 1.2+ 0.2 1.2+ 0.5 0.2139 1.204 1.3+ 0.4 1.3+ 0.4 0.3456
LDL-C, mmol/L 6.4+1.9 4.4+ 1.0 4.6x0.8 0.0060 6.%2.0 49+ 1.0 4.7+1.0 0.0006
VLDL-C, mmol/L 1.1+ 05 1.1+ 0.5 1.2+ 0.5 0.9094 0204 0.9+ 04 0.9£0.5 0.9199
Lipids A+A+ vs. A+A— A+A+ vs. A-A— A+A-vs. A-A— A+A+ vs. A+A— A+A+ vs. A-A— A+A-vs. A-A-
TC® P <0.05 P <0.05 NS P <0.05 P <0.05 NS
LDL-C P <0.05 P <0.05 NS P<0.05 P <0.05 NS

/alues are mean SD.

bp values are one-way ANOVA.

°P values from Tukey—Kramer method.
NS, not significant.

lar to that in menAvall x gender interactior®, > 0.05 for all fect ofHinc Il polymorphism at the LDLR gene on total cho-
lipid traits). This effect is also similar in both menopaus#sterol and LDL-C levels (data not shown). Interestingly,
status in women from HRG group (Table 4). To evaluate ttiee effect of botlvall andHinc Il polymorphisms on serum
influence of age in lipid traits, we have categorized individlipid profile is not observed in individuals of the control group.
als with age risk (me 45 years and women 55 years,
according to NCEP) (32) and individuals with non-age ris
Table 5 shows that are no differences between individu
with age risk and non-age risk for the effect of A+A+ geno- We also examined the possibility of joint effects (a geno-
type on lipid profile in the HRG groupg\yall x age interac- type-genotype interaction) of two lodiyall andHinc Il, in
tion, P > 0.05 for all lipid traits). determining serum lipid levels (Table 6). When the informa-
Similar results were observed féinc Il polymorphism at tion of Avall andHinc Il polymorphisms was combined, we
the LDLR gene. Figure 1 (bottom) shows that the H+H+ genman verify that A+A+/H+H+ genotype shows a significant
type is associated with greater serum levels of total cholassociation with higher levels of TC and LDL-C in the HRG
terol and LDL-C in HRG subjects. Age, gender, angroup (Table 7). The interaction of both polymorphisms ob-
menopausal status of these individuals do not modify the sérved in the HRG group contributes with 16% of the pheno-

EBLR Genotypes Interaction and Lipid Profile

TABLE 4. Serum lipid levels among LDL receptor/Ava Il tenotype in women with high risk for coronary heart disease
separated by menopausal status (n = 135)

Premenopausal Postmenopausal

A+A+ A+A— A-A— A+A+ A+A— A-A—
Lipids? (n=17) (n=28) (n=12) (n=27) (n=32) (n=19) Avall x status
TC, mmol/L 10.6+ 3.7 7.0£1.0 6.4+ 0.8 8.3t 1.9 7.2£0.9 7.2£0.9 0.0412
TG, mmol/L 29+1.3 1.6+£1.0 1.0+ 05 23£21 24+13 2.7+£22 0.0247
HDL-C, mmol/L 0.9+ 0.3 1.4+ 0.3 1.6+04 1.3+ 0.4 1.3+ 04 1.3+ 0.3 0.0194
LDL-C, mmol/L 8.5+ 3.5 4.7+ 1.3 4.3+ 0.6 5.8+14 4.9+ 0.9 4.8+ 1.0 0.0234
VLDL-C, mmol/L 1.2+0.6 0.7+ 0.4 0.4+ 0.2 0.8+ 0.4 1.0£04 1.0+ 05 0.0073
Lipids® A+A+ vs. A+A— A+A+ vs. A-A— A+A-vs. A-A— A+A+ vs. A+A— A+A+ vs. A-A— A+A-vs. A-A—
TC P <0.05 P <0.05 NS P <0.05 P <0.05 NS
TG NS P <0.05 NS NS NS NS
HDL-C P <0.05 P <0.05 NS NS NS NS
LDL-C P <0.05 P <0.05 NS P <0.05 P <0.05 NS
VLDL-C P <0.05 P <0.05 NS NS NS NS

A/alues are mean SD.

®P values are two-way ANOVA.

°P values from Tukey—Kramer method.
NS, not significant.
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TABLE 5. Serum lipid levels among LDL receptorAva Il genotype in Brazilian individiuals with high risk for coronary heart
disease separated by age ri8kn = 170)

Age risk Non-age risk

A+A+ A+A- A-A- A+A+ A+A- A-A-
Lipids® (n=23) (n=37) (n=12) p° (n=31) (n=43) (n =24) P°
TC, mmol/L 8.7+ 1.8 7.1+£0.8 7.2£0.9 0.0001 8425 7.0£0.9 6.9£ 0.9 0.247
TG, mmol/L 24+£22 2.4+ 0.9 24+1.1 0.6912 2.&15 2.2+1.6 2.6+ 25 0.5724
HDL-C, mmol/L 1.3+ 0.4 1.3+ 0.3 1.2+ 0.3 0.8600 1204 1.3+ 04 14+ 04 0.3067
LDL-C, mmol/L 6.1+1.3 4.7+ 0.9 48+1.1 0.0001 6.4£26 47+ 1.1 4.6+ 0.9 0.0135
VLDL-C, mmol/L 0.8+0.3 1.0+ 04 1.0+ 0.5 0.2269 1.605 0.8+£0.5 0.9+ 0.5 0.4607
Lipids“| A+A+ vs. A+A— A+A+ vs. A-A— A+A-vs. A-A— A+A+ vs. A+A— A+A+ vs. A-A— A+A-vs. A-A—
TC P <0.05 P <0.05 NS P <0.05 P <0.05 NS
LDL-C P <0.05 P<0.05 NS P <0.05 P <0.05 NS

aAge risk for CHD: mea 45 years and women55 years (32).
Pvalues are mean SD.

°P values are one-way ANOVA.

9P values from Tukey—Kramer method.

NS, not significant.

typic variance in the total cholesterol and 10% in LDL-C sé&und in Swiss, German, and Spanish hypercholesterolemic
rum levels. On the other hand, the effect of the A+A+/H+Hgatients (39—-41). However, in the controls, the frequency of
genotype combination on lipid profile is not observed in cothe H+ allele is lower than in control individuals of these

trol group. studied populations (39-41). These results suggest that there
is a heterogeneity of frequencies of LDLR gene polymor-
DISCUSSION phisms among samples from the Brazilian population. Fur-

her support for this hypothesis requires enlargement of the

The early development of CHD is largely attributed to el; ~ . . ) -
evated plasma LDL-C levels (1-7). However, it is likely tha r'?‘z"'a” sample size and _anz_ily5|s of additional pQIymor-
X ' hisms. Nevertheless, the finding thag Il (A+) andHinc

other lipid and nonlipid factors also influence CHD nsc] (H+) allelic frequencies are greater in HRG individuals

Commo_n DNA polym_orph_lsms of genes_related with IIIOImdicates an important correlation between these alleles and
metabolism are potentially important genetic markers of var {5h risk for CHD

tion in the plasma lipid profile, thus determining susceptibil- The strong association between A+AwAll) and H+H+

ity or r_eS|stance to CHD n the genera_l popula’glon. .._(Hinc I) genotypes with a higher total cholesterol and LDL-
In this study, we determined for the first time in a Brazilian . : . : .
circulating levels found in the HRG group provides impor-

pgrt:]lq?roﬂitshrﬁsriltat?]\éeﬁj”f Liifig?nZ%ﬁL:?gHS:niie t%?t evidence that LDLR polymorphisms affect cholesterol
polymorp pror gene. q ©3&els in individuals with high risk for CHD. Although previ-

Avall and Hinc 1I polymorphisms found in the Caucasian us studies failed to detect a significant association between

Brazilian subjects are different from other Caucasian indi= -
. : DLR genotype and serum lipid levels (42), a number of re-
viduals. The frequency of the A+ allele in the HRG group IS N o
nt reports have indicated that common polymorphism in

. . - C
greater than that observeq n hypercholesterolemlc patletrﬁés LDLR gene is associated with interindividual differences
from London, Italy, Spain, Switzerland, and German

(21,39,40). On the other hand, control subjects present algelrllg}lasma LDL-C levels in normo and hypercholesterolemic

X o L . ects (8,26,30,31,43imilar results were also found for
frequencies similar to that of control individuals from Swit; T - ; S
: . Avall polymorphism in normolipidemic Caucasian individu-
zerland, North America, Italy, and Spain (39,40). The fre- . o )
: . o aJs (29)but this effect was gender specific and confined to
quency of the H+ allele in HRG subjects is similar to tha : .
postmenopausal women. Interestingly, in our study the ef-

fects ofAvall andHinc Il on serum lipids are not modified

TABLE 6. P values from two-way ANOVA (Avall x Hinc II when the individuals of the HRG group were categorized by
interaction) in HRG subjects gender, age risk for CHD, or menopausal status.

Lipids Avall Hinc Il Avall x Hinc Il A cumulative effect on the lipid profile resulting from the
TC 0.0001 0.0001. 0.0027 mteractl_on _o_f bottvall gnc_jHlnc [l polymorphisms is shown

TG 0.9025 0.7301 0.7945 by the significant association between the A+A+/H+H+ geno-
HDL-C 0.4638 0.1264 0.3990 type and higher total cholesterol and LDL-C levels in the HRG
LDL-C 0.0001 0.0001 0.0319 group. Our study also indicates that this association contrib-

VLDL-C 0.6403 0.9277 04630  ytes with about 16 and 10% of the phenotypic variance of
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TABLE 7. Effects of association of theAva Il and Hinc Il polymorphisms at the LDL receptor gene on serum lipid levels of
Brazilian individuals with high risk for coronary heart disease (n = 170)

Lipids® (mmol/L)
Genotypes TC TG HDL-C LDL-& VLDL-C
A+A+ H+H+ (n=11) 106214 3.2+3.0 11+04 8.1+ 20 1.0+0.4
H+H- (n=20) 77+18 22+11 12+0.4 54+17 1.0+05
H-H- (n=23) 79+12 23+16 1.4+0.4 5.9 + 1°0 0.8+0.3
A+A— H+H+ (n=22) 75+06 24+10 12+04 5.0+0.8 1.0+0.4
H+H- (n=35) 6.8+0.9 22+13 1.3+0.3 45+1.0 0.9+05
H-H- (n=23) 75+0.9 26+0.3 1.1+03 5.0+0.9 11+0.1
A-A— H+H+ (n=16) 72+10 25+24 1.2+04 5.0+0.8 0.9+0.4
H+H- (n=8) 6.9 +0.7 24+13 1.3+0.4 45+£0.9 1.0+0.6
H-H- (n=12) 6.2+0.5 25+17 15+0.3 37+12 11+08

Aalues are mea# SD.
Tukey—Kramer methodDifferent from all other genotype® < 0.05);° Different from A+A+/H+H- genotypeR(< 0.05);dDifferent from A—A—/H-H—
genotype P < 0.05);°Different from A+A—~/H+H- genotypeR < 0.05);fDifferent from A—A-/H-H- genotypeP(< 0.05).

total cholesterol and LDL-C levels in HRG subjects. In difestyle, and cholesterol-lowering drugs. Appropriate diet and
earlier study (29), the genetic variation at the LDARY/II  specific treatment of patients with hypercholesterolemia car-
polymorphism explained about 4% of the variance in totaling specific genotypes can reduce the risk of future myo-
cholesterol and about 2% of the variance in LDL-C in Higardial infarction. Therefore, the identification of the LDLR
panic and non-Hispanic white women from the United Statgenetic profile of affected subjects before the onset of clini-
The finding of lower TC and LDL-C levels in HRG subjectsal symptoms is important to the evaluation of CHD risk.
with A—A—/H-H— genotype suggests that the absence of dn summary, this study demonstrates thed [l andHinc
restriction site for both polymorphisms is probably assodi-polymorphisms at the LDLR locus affect serum choles-
ated with a lower risk for CHD. terol levels in white individuals from Brazil with high risk
The Avall and Hinc Il polymorphisms, located in exonsfor CHD, indicating that the LDLR polymorphism remains a
13 and 12, respectively, do not involve an amino acid subsiseful genetic marker to study CHD risk.
tution. These exons code for the second domain of the LDLR,
which is 33% homologous with part of the extracellular d&CKNOWLEDGMENTS
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