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Cholesteryl ester transfer protein deficiency is correlated
with thyroid disease

Yan-Ping Feng,* Akira Kondo,** Masato Maekawa*

and Takashi Kanno*

SUMMARY

We investigated whether cholesteryl ester transfer protein (CETP) deficiency is a risk
factor for atherosclerosis or other disease. Ninety-seven individuals with increased
levels of high density lipoprotein-cholesterol (HDL-C) (≧85mg/dl) were selected.

CETP deficiency was assessed in all 97 subjects by polymerase chain reaction (PCR)
and either single stranded conformation polymorphism (SSCP) or restriction fragment
length polymorphism (RFLP). Of the 97 subjects, 7 (7%) were heterozygous for the
intron 14 splicing defect, which decreases CETP activity, and 9 (9%) were heterozygous
for D442G missense mutation, which has no effect on CETP activity. One patient was
found to be a compound heterozygote for the intron 14 and D442G mutations. These
mutations were found in only 3 atherosclerotic patients; 2 carried the D442G mutation,
and 1 had the intron 14 mutation. Although CETP activity was not associated with
atherosclerosis, we discovered a novel relation between CETP gene mutations and
thyroid gland disorders. Specifically, 5 of 7 subjects with CETP gene intron 14 mutation
had thyroid disease. Regarding the D442G mutation, there was no difference between
subjects with and without thyroid disease. It is possible that CETP activity affects
thyroid function.
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INTRODUCTION

Cholesteryl ester transfer protein (CETP) is a plasma

glycoprotein that transfers cholesteryl ester formed by
lecithin: cholesterol acyltransferase (LCAT) in high

density lipoprotein (HDL) to apolipoprotein B (apoB)-

containing lipoproteins and regulates plasma HDL-

cholesterol (HDL-C) levels.1) Lipoprotein profiles of
subjects with CETP deficiency are characterized by

increased HDL-C levels and decreased low density lipo-

protein (LDL) levels with the change of these lipo-
protein components.1,2)

Two common mutations, intron 14 and D442G in the

CETP gene, have been reported in Japanese with CETP

deficiency.3) These mutations are found at high fre-

quencies, 0.98% and 7.3%, respectively, in heter-
ozygotes in the Japanese population.2,4,5) The intron 14
mutation, which is a G(+1)-to-A mutation in the 5'

splice donor site of intron 14, greatly increases HDL-C

plasma levels and decreases CETP activity. The D442G
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mutation, which is a missense mutation (Asp442 to Gly)

in exon 15, has only weak effects on HDL-C plasma

levels and CETP activity.

Some researchers have reported that CETP deficiency
is associated with coronary heart disease (CHD) and is

a significant, independent risk factor for CHD.6,7) How-

ever, a recent study showed that increased HDL levels

due to CETP deficiency or other causes are associated
with reduced risk of CHD,8) and the significance in

relation to atherosclerosis is still unclear. Genetic

analysis may be useful for evaluating the predictive

values of risk factors for specific diseases. Thus, we
investigated the clinical role of CETP in subjects with

mutations in the CETP gene and high levels of HDL-C.

Unexpectedly, we found a new relation between CETP

activity deficiency and thyroid function.

MATERIALS AND METHODS

Subjects
Ninety-seven individuals with increased serum HDL-C

levels (≧85mg/dl) (high HDL-C group) were selected

randomly from patients treated at Hamamatsu Univer-

sity School of Medicine Hospital. Subjects comprised 36
men and 61 women with a mean age of 52.8±15.3 years.

Ninety-seven age- and sex-matched control individuals

(36men, 61 women; mean age, 52.6±15.8) (control

group) with serum levels of 45mg/dl≦HDL-C<85mg/

dl were chosen.

Subjects with thyroid disease

We checked all subjects whether they have thyroid

disease or not. Thyroid disease included hypothyroid-
ism, hyperthyroidism and euthyroid goiter. Patients

were confirmed as having thyroid disease, by levels of free

T4, free T3 and thyroid stimulating hormone (TSH).

Lipid and apolipoprotein determinations
Total cholesterol (TC), triglyceride (TG), and HDL-

C levels in sera were measured by enzymatic methods

using commercial kits (Kyowa Medex Co. Ltd., Tokyo,

Japan). Sera apolipoprotein A-I (apoA-I), apoB, and
apoE were determined by turbidimetric immunoassay

(Daiichi Pure Chemicals, Co. Ltd., Tokyo, Japan) with a
Hitachi 7250 analyzer. LDL-C assay (Daiichi) was

performed with the same analyzer according to the
manufacturer's specifications.

DNA analysis

Genomic DNA was extracted from EDTA-treated

venous blood with a slightly modified version of the

procedure reported by Kunkel et al.9) Intron 14 and
D442G mutations on the CETP gene were amplified

separately by polymerase chain reaction (PCR) as

previously described.10,11) The amplified products were
analyzed by PCR-single stranded conformation polymor-

phism (PCR-SSCP) and the Phast system (Amersham
Pharmacia Biotek, Tokyo, Japan). Digestion was per-
formed overnight at 37℃ with NdeI (New England

Biolabs, Beverly, MA) for the intron 14 splicing defect

or MspI (New England Biolabs) for the D442G muta-
tion. The cleaved products were analyzed by electro-

phoresis on a gel containing 2.5% NuSieve low melting

point agarose (FMC Co., Rockland) and 1% standard
agarose (Iwai Co., Tokyo, Japan).

Statistical analysis

Frequencies of thyroid disease and CETP gene muta-

tions in the high HDL-C level and control groups were
compared using Fisher's exact probability test. Sex

distributions of subjects with and without thyroid dis-

ease in the high HDL-C level group were analyzed

similarly. The statistical significance of differences in
the lipid parameters between patients with uncommon,

intron 14 and D442G mutations were evaluated by one-

way analysis of variance (ANOVA). Comparison of

lipid profiles between subjects with and without thyroid
disease were analyzed with Student's t-test. p<0.05

was considered statistically significant.

RESULTS AND DISCUSSION

Relation between CETP gene mutations and specific

diseases

Using PCR-based methods, we screened for CETP

deficiency caused by two common mutations in the two

groups. Of 97 subjects with high serum HDL-C levels, 7
(7%; 2men and 5 women) were heterozygous for the
intron 14 splicing defect, and 9 (9%; 2men and 7

women) were heterozygous for the D442G mutation.
One patient carried both the intron 14 and D442G

mutations. Atherosclerotic disease was identified in 3 of

the subjects with these mutations; 2 patients had the

D442G mutation and 1 patient had the intron 14 muta-
tion. Although CETP activity was not associated with

atherosclerosis, we discovered a novel relation between

CETP gene mutations and the thyroid gland disorders.

Of 7 subjects with the intron 14 mutation, 5 (71%) had
thyroid disease, whereas 1 (11%) of 9 subjects with the

D442G mutation had thyroid disease (Table 1). Of

Table 1. Frequency of intron 14 and D442G mutation in
the CETP gene of subjects with and without thyroid
disease in the high HDL-C group.

a, consisting of hyperthyroidism, hypothyroidism, and euthyroid

goiter, (-) negative (+) positive; n, number of patients (all
had high HDL-cholesterol); b, without 2 common mutations;
c, carried both the intron 14 and D442G mutations; §, p<0.01

(Fisher's exact probability test).



Jpn J Electroph 2001; 45: 67

subjects with the intron 14 mutation, 4 (57%) had
hypothyroidism and 1 (14%) had euthyroid goiter. Only

1 patient with thyroid disease (hypothyroidism) was

found among subjects with the D442G mutation. Com-

parison of frequencies of thyroid disease and CETP gene
mutations in the group of subjects with high HDL-C

levels revealed a significant relationship (p<0.01)

between the intron 14 mutation and thyroid disease. No
relationship between the D442G mutation and thyroid

disease was found. Furthermore, we could not do a

statistical analysis for the control group because of only

one hyperthyroid subject showed CETP gene intron 14 in
this group.

Lipid parameters in subjects with and without CETP

mutations

Serum lipid parameters in subjects with and without
CETP mutations in the high HDL-C group are listed in

Table 2. HDL-C levels were significantly higher in

subjects with intron 14 mutation than in subjects with

the D442G mutation or without a CETP gene mutation

(p<0.01 for both). There was no significant difference
between subjects with the D442G mutation and those

without common CETP mutations. Our data support a

previous report3) in which HDL-C levels were
significantly higher in patients with intron 14 mutation

than in other subjects. Concentrations of apoE were

higher (p<0.05) in our D442G mutation subjects than in

our no common mutation subjects. This is also consis-
tent with previous findings.11) Other lipid parameters did

not differ statistically between subjects among these

three sub groups. Lipid profiles in subjects with and

without thyroid disease in the high HDL-C group are
shown in Table 3. There were no remarkable

differences in lipid profiles between the groups including

sex distributions.

Comparison of the prevalence of thyroid disease
between the two groups

Of the 97 subjects with high HDL-C level, 20 had

thyroid disease. Of these 20, 12 (12%) were hypothyr-

oid, 3 (3%) were hyperthyroid, and 5 (5%) had euthyr-
oid goiter. On the other hand, of the 97 control subjects,

18 had thyroid disease. Of these 18, 3 (3%) were

hypothyroid, 7 (7%) were hyperthyroid, and 8 (8%) had

euthyroid goiter. Therefore, there was no difference on
the prevalence of thyroid disease between the patient

and control groups (Table 4).

CETP deficiency results in markedly increased HDL-

C levels.1) However, the clinical significance of CETP
deficiency in atherosclerosis, including a risk factor for

CHD, remains unclear. Two common gene mutations

have been reported in Japanese persons with CETP

deficiency.3) A G(+1)-to-A mutation in the 5' splice
donor site of intron 14 of the CETP gene elevates

HDL-C plasma levels and decreases CETP activity

levels markedly, and the D442G missense mutation

(Asp442 to Gly) in exon 15 weakly affects HDL-C plasma
level and CETP activity. To determine whether CETP

activity is related to atherosclerosis or other diseases,

we scanned for these two common CETP gene muta-

tions in subjects with elevated levels of HDL-C (≧85

mg/dl) in sera. Although CETP activity was not as-

sociated with atherosclerosis, we discovered a novel

Table 2. Serum lipid parameters in the subjects with and
without mutations in the high HDL-C group.

Data are the mean ±SD; M/F, male/female; HDL-C, high

density lipoprotein-cholesterol; TC, total cholesterol; TG,

triglyceride; apoA-I, apolipoprotein A-I; apoB, apolipoprotein

B; LDL-C, low density lipoprotein-cholesterol; apoE: apolipo-

protein E. a, p<0.01 compared with no mutation; b, p<0.01
compared with intron 14 mutation; c, p<0.05 compared with

no mutation.

Table 3. Lipid profiles in subjects with and without thy-
roid disease in the high HDL-C group.

(-) subjects without thyroid disease; (+) subjects with thy-
roid diseases. Data are the mean ±SD; M/F, male/female;

HDL-C, HDL cholesterol; TC, total cholesterol; TG, triglycer-

ide; apoA-I, apolipoprotein A-I; apoB, apolipoprotein B;

LDL-C, low density lipoprotein-cholesterol; apoE: apolipo-

protein E.

Table 4. Comparison of the prevalence of thyroid disease

between groups.

HDL-C, high density lipoprotein-cholesterol; Normal, without
any thyroid diseases; n=number of subjects with and without
thyroid disease.
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relation between CETP gene mutation and disorders of

the thyroid gland. Specifically, out of the 7 subjects with
the intron 14 mutation, 5 had thyroid disease, and out of

the 9 subjects with the D442G mutation, 1 had such

disease. A significant relationship (p<0.01) was found

between the intron 14 mutation and thyroid disease, but
no relationship was found between the D442G mutation

and thyroid disease. These findings suggest that thyroid

disease may exist in certain individuals with decreased

CETP activity.
Various effects of thyroid dysfunction on HDL-C

levels have been reported.12,13) In our present study, high

HDL-C levels in sera were used as a screen for CETP
deficiency. Of 97 subjects with elevated HDL-C, 20 had

thyroid disease. We observed the 18 cases with thyroid

disease in our control group. As a result of comparison

between both groups, it indicates that patients with
thyroid disease exist in the same proportion, regardless

of HDL-C concentration in sera. Thus, in this study, we

confirmed that thyroid disease concomitant with de-

creased CETP activity occurs primarily in persons with
high serum HDL-C. Because of only 1 hyperthyroid

subject in the control group showing the intron 14

mutation, it was not confirmed whether there is a rela-

tionship between thyroid disease and CETP deficiency in
the control group.

It has been reported that thyroid hormone may be

involved in regulation of CETP activity and that CETP

activity may play a role in alterations of HDL metabo-
lism.14) In contrast, our results indicate that decreased

CETP activity due to the mutation in intron 14 inversely

effected on incidence of thyroid disease. In conclusion,
it is possible not only that CETP activity is regulated by

thyroid hormone, but also CETP activity affects thyroid

function.
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