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The exchange of cholesterol ester (CE) between lipoproteins occurs through the action of cholesterol ester transfer protein
(CETP). The human CETP gene is composed of 16 exons encompassing 25 kbp on chromosome 16q13. The objective of this
study was to determine whether a mutation in the CETP gene accounted for severe hyperalphalipoproteinemia in an
80-year-old subject. As a secondary objective, we also investigated the allelic frequency of D442G and Int14A mutation in 224
random Han Chinese subjects. DNA sequence analysis of the CETP gene in the patient revealed a peculiar nucleotide pattern
in intron 1. To determine whether this peculiarity results in abnormally spliced mRNA, we used reverse-transcriptase
polymerase chain reaction (RT-PCR) to amplify and sequence the patient’s cDNA using CETP-specific primers that spanned
this splice junction. Both the wild-type and mutant cDNA were detected, and the mutant cDNA showed that its 5’-splice site
shifted 4 nucleotides upstream. This change results in a frame-shift and premature termination at amino acid residue 22, and
thus predicts a markedly truncated protein product. Although this patient did not have either the D442G or Int14A allele, we
found that the allelic frequency of D442G in 224 subjects was 4.46%. No subjects had the Int14A allele. In conclusion, a novel
intron 1 splice site mutation in the CETP gene in 1 patient with hyperalphalipoproteinemia and D442G allelic frequency of
4.46% was found among a normal population in Taiwan.
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LASMA LIPOPROTEINS are continuously remodeled via environmental factors often influence HDL-C levels by increas-

transfer and exchange of lipids among lipoprotein sub-ing or reducing lipases or lipid transfer protein activitfes.
fractions. In humans, the main role of cholesterol ester transfeHDL has several beneficial biological effects, including an
protein (CETP) is to transfer cholesterol ester (CE) from high-important role as an antiatherogenic agent via its ability to
density lipoprotein (HDL) to lower density lipoproteins in transfer cholesterol from tissues to the livétDL also pro-
exchange for triglyceridé.This triglyceride is hydrolyzed on motes prostacyclin secretion and stabilizatioand acts as a
HDL by hepatic lipase. Although CETP is also effective in major carrier of lipid hydroperoxides, leading wash-out oxi-
transferring CE between HDL molecules, the CETP reactiondized lipids in LDL, and reducing its atherogenic potentfal.
may increase circulating very-low-density lipoprotein choles- Variant as well as defectiveETPalleles have been associated
terol (VLDL-C) and low-density lipoprotein-cholesterol (LDL-C) with hyperalphalipoproteinemia. The first reported hur@&T P
levels. Transgenic mice expressing CETP had much worsg@ene mutation was a splicing defect of intron 14 (Int14A mutation)
atherosclerosis than did nonexpressing con&rdis. a result, in a Japanese subject with hyperalphalipoproteinemia and low
CETP has been often considered a “proatherogenic” factor. levels of CE transfer activity*2In addition, in the subjects with

Plasma CETP is an extremely hydrophobic glycoproteinthe D442G (Asf**to Gly) mutation in exon 5, HDL concentra-
with a relative molecular mass of 74,000, and consists of 47@ion is increased 3-fold and plasma CETP mass and activity are
amino acids with 4 N-linked glycosylation sitéghe human  markedly decreased, suggesting that the mutation has a dominant
CETPgene spans approximately 25 kb, encompasses 16 exonsffect on CETP and HDL in vivé? Subsequently, the Int14A
and is found on chromosome 16g13. mutation as well as a D442G variant allele have been found to be
In some families, deficiency of CETP or increased produc-the most common mutations in the Japanese population to cause

tion apolipoprotein (Apo) Al have been identified as the ge-yperalphalipoproteinemig:16The prevalence cEETPmutations
netic factor that causes elevated concentrations of HDI@.  among patients with hyperalphalipoproteinemia is highly variable
addition, environmental factors such as alcohol consumptionamong different populatioris:1° The objectives of this study are
female sex, African American race, exercise, and estrogen art® describe a Han Chinese man with hyperalphalipoproteinemia
positive factors for increasing HDL-C concentratfoBy con- carrying a novel mutation in theETPgene and to find the allelic
trast, other factors such as smoking, male sex, obesity, diabetefgquency of D442G and Int14A mutations in the normal popu-
and diet high in polyunsaturated fat may loweB$t.These lation.
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A patient with hyperalphalipoproteinemia and 224 random subjects
» with various concentrations of HDL-C were studied. The protocol was
approved by institutional review board of the hospital, and informed
consent was obtained from the patient and normal subjects.

General Hospital-Taipei, Taiwan, ROC 11217. had fasted overnight for 10 hours. The samples were centrifuged at
Copyright© 2002 by W.B. Saunders Company 2,000 % g for 20 minutes. The sera obtained were measured immedi-
0026-0495/02/5103-0017$35.00/0 ately for triglyceride and total cholesterol using a Hitachi-911 auto-
doi:10.1053/meta.2002.30527 mated analyzer (Hitachi Ltd, Tokyo, Japan). HDL-C was measured by
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Table 1. Sequences of Primers Used to Amplify and Directly Sequence Exons of the Human CETP Gene

Exon Forward Primer (5’-3')\Reverse Primer (5'-3") Product Size (bp)
1 TACGGGCTCCAGGCTGAACG\CTCCTCTCTCTGGGCTAGTG 295
2 AAGACCTGGGAGCCTCATCT\TCCAAATCAAGGGGAGAGAC 350
3-4 CTGCCTGGTGTTCCACTTTTCG\GAACCCTCTGCCTGCACAACC 681
5 TGGGCAGCATGTGGATACCATCTGATAGCG\TGGGCACGACAGGAATGGGGGCACAG 194
6-7 GGTCTGAGGCTCCGTGTTCT\TTCTGGCTCCCACTGCTGTC 565
8 ACGGTGACTCAGGGCAATTCC\GACTCTTGGCTGCCATAAGGT 264
9 TGAATGAGTGAAAGCCGCTGG\CCACCACCAAGTTTCCGAGTT 436
10 CCCTGCGAATTCTTCTTCTGAGGAGTGGAC\ATAATTGGATCCATTGGTGGTGTTATTGGC 227
11 TCCGAGGGCATGGACTGCTGC\TGGTGAGAAGGATCTGGAGGCTTCAGAGAC 337
12 GGTTGCTCTCTGCTTCGGGAA\ATGGACCACCTGGTCACATTC 614
13 CTGGCTGCTATTCTTAGAGTTTCTTTCCC\GACTTATTTCCCCCAGTCTATCC 158
14 CACGGATGGGCATGAGGATG\CCGCCAGCCCACACATA 225
15-16 CTTCCTCATCCTCAGAAGCAC\CCACGCTGGAGGAGACACCA 599

direct method, using commercial kits from Kyowa (Tokyo, Japan). Theg/L(normal, 37 to 53), globulin of 38 g/L (normal, 27 to 31), fasting
total Apo Al and Apo B levels were measured using the nephelometryglucose of 5.27 mmol/L (normak 7.0), cholesterol of 4.24 mmol/L
method (Behring Nephelometry Analyzer I, Marburg, Germany). (normal 3.23 to 6.20), triglyceride of 0.62 mmol/L (0.23 to 2.26),
HDL-C of 2.48 mmol/L (0.78-1.81), LDL of 1.47 mmol/L (normat
Polymerase Chain Reaction Amplification 4.14), and prostate-specific antigen of 355 ng/mL ( norriaB.32
The 16 exons and partial sequences of the flanking introns of thé'd/mL). He was an heavy smoker in the past, but had stopped 10 years
CETPgene were amplified by polymerase chain reaction (PCR). pcRPreviously. His blood pressure was normal. Chest x-ray showed tortu-

was performed in a 2L volume containing 200 ng of genomic DNA osity of thoracic aorta, and calcification of aortic knob. The patient was

prepared from whole blood in a K3 EDTA Vacutainer (Amersham takjng Madqpar (United Biomedical, Inc Asia for' Roche Product Ltd,

Pharmacia Biotech, Inc, Piscataway, NJ), 0.2 mmol/L of each dNTP HSinchu, Taiwan) 125 mg twice per day for parkinsonism. In 1996, he

1.5 mmol/L MgCh, 50 mmol/L KCI, 0.15um of each primer, 10 underwent total prostatectomy for adenocarcinoma.

mmol/L Tris-HCI (pH 7.4), 0.1% Triton X-100, 2 units of Tag DNA The biochemical and clinical evaluation suggested a possible defect

polymerase (Protech Technology Co, Taipei, Taiwan). The primersh CETP and thus we analyzed hGETP gene.

used in the present study are listed in Table 1. .
Calculation

Direct Sequencing All data are presented as the meanSEM. Comparisons between

PCR products were purified using a GFX™ PCR DNA and Gel Band9roups were calculated using Student's nonpafresbt.
Purification Kit (Amersham Pharmacia Biotech) and sequenced using RESULTS
an ABI PRISM BigDye Terminator Cycle Sequencing Ready Reaction
Kit (ABI Biosystems, Inc, Foster City, CA) on the ABI prism 377 DNA All 16 exons and exon-intron junctions GETP gene were
sequencer (Perkin Elmer, Foster City, CA). sequenced in the patient. We found a peculiar nucleotide pat-
ternin intron 1. To study the effect of this peculiarity, we used
RT-PCR to analyzeCETP mRNA using total RNA isolated

Total RNA was extracted from peripheral whole blood using GIB- from control and patient’'s lymphocytes. Sequence analysis of
COBRL TRIzoL reagent (Life Technologies, Inc, Rockville, MD). ¢loned RT-PCR products showed normal intron 1 splicing in

First-strand cDNA was generated with the GIBCOBRL SUPER- the control sample, whereas the patients cDNA showed 6
SCRIPT reverse transcriptase (RT) system (Life technologies, Inc., '

Rockville, MD) using pd(T)12-18 primer and used as a template for

PCR. The forward primer (E1F: CCACAGTCCTGAC CCTGGC- .

CCTG) s located in exon 1 and the reverse primer (E2R: GCATCATG ~ Normal A Patient B

GCCTTCTCG CCCGTQG) is located in exon 2. PCR products were

cloned into pGEM-T vector (Promega, Inc, Madison, WI) and 10 Exon 1 (_‘;) Exon 2 Exon 1 (_];) Exon 2
T

clones were selected for sequence analysis (ABI Biosystems). CTCCTGGTGTINGAACC CTCCTGITGAACC
160 1 160

Reverse-Transcriptase PCR

Allelic Frequency of D442G and Int14A Mutation
in Normal Subjects

Regions of theCETP gene containing the D442G and Int14A mu-
tations were amplified by PCR using previously described primers and
conditions!* The PCR products were analyzed by restriction digest
(Ndd for Int14A or Mspl for D442G) as previously describéd.

Case Report Fig 1. cDNA sequences of exon 1-exon 2 junction. The cDNA PCR

. . . . . product of patient D91 was cloned into pGEM-T and sequenced. The

An 80-year-old, man, born in China and emigrated to Taiwan in wijid.type allele (A) and the patient’s mutant allele (B) are shown. The

1949, underwent the routine biochemical screening during treatmenfyutant allele showed an abnormally spliced mRNA in which the
for prostate cancer in 1996. Laboratory analysis showed albumin of 45'-splice site of intron 1 has shifted 4 nucleotides upstream.
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Normal A Mutant B
Exon | Exon 2 Exon | Exon 2
~CUCCUGGUGU| UGAACC~ ~CUCCUG|UGAACC~ . . . .
Mature mRNA ”*'"“I ‘ Fig 2. Schematic representation of wild-type (A) and
mutant (B) alleles, including mature mRNA sequences
Protein ~LeuLeuValLeu~ ~LeuLeuTer and predicted proteins. The mutant allele generates an

abnormal 5'splice site with a consequent truncated pro-
20 21 22 23 20 21 tein.

clones with normally spliced cDNA (Fig 1A) and 4 clones with common polymorphism. The mutation is predicted to disrupt the
an abnormal spliced cDNA, in which the 5’-splice site of intron normal 5" splicing donor site, and RT-PCR analysis demonstrated
1 had shifted 4 nucleotides upstream (Fig 1B). This frame-shiftabnormally process€dETPmMRNA in which a frame-shift causes
results in a premature termination codorG#TPat amino acid  premature termination of the predicted translational product after
residue 22 (Fig 2). No other mutations were found within theamino acid 22. Other splicing defettsas well as missense and
coding sequence, including the D446G and Int14A mutationspoint mutations that cause premature stop codon (eg, the truncated
This abnormal nucleotides pattern in intron 1 was not present irCETP protein and with Tyr57Stop, G181Stop, and Arg268Stop)
DNA from any of the 224 normal controls. have been demonstrated to cause hyperalphalipoproteinemia and
None of the 224 normal subjects was found to have theelevated levels of serum HDL-@:21.22Thus, the truncated pro-
Int14A variant allele. By contrast, the D442G allele was tein that is predicted to result from this mutation lacks 455 amino
present with a total allelic frequency of 4.46%, including het- acid residues and would be expected to be inactive.
erozygous (3.57%) and homozygous ( 0.89%) (Table 2). There The patient described here has no family history of hyper-
was no relationship between the frequency the D442G allelalphalipoproteinemia and no surviving relatives. Thus, we
and the concentration of serum HDL-C. By contrast, serumcould not determine whether the mutation was inherited or
levels of HDL-C were significantly greater in subjects who arose de novo. Of all mutations identified to date, both the
were heterozygous for the D442G allele (1:99.05 mmol/L) D442G and Int14A mutational “hot spots” have been found in
than in subjects with the wild-type allele (1.7220.03 mmol/L,  about 5% of the Japanese populatiéhs® The D442G muta-
P < .0002) (Table 3). Only 2 subjects were homozygous for thetion was not present in this patient, but was found in 4.46% of
D442G allele, and thus the sample size was too small tanormal Chinese controls. In addition, the D442G allele was not

perform statistical analysis. found in any subjects whose HDL concentration was higher
than 2.35 mmol/L. These results suggest that environmental
DISCUSSION influences may overcome the relatively modest functional con-

The total cholesterol and HDL-C levels of the patient we sequences of the D442G mutatisnBy contrast, no Int14A
describe were 4.24 mmol/L and 2.48 mmol/L, respectively, mutation was found in the normal population. There was no
when first identified. Despite the high HDL-C level, tortuosity Significant relationship between frequency and serum lipid con-
of thoracic aorta and calcification of aortic knob werre also centration. Furthermore, analysis of serum lipid in heterozy-
present on x-ray examination. As is common to patients withgous subjects for the D442G allele showed that HDL-C levels
CETP deficiency, this patient also showed significant hyperalwere significantly greater than those in normal subjects.
phalipoproteinemia. In conclusion, a novel intron 1 splice site mutation in the

Several lines of evidence indicate that the mutation is causalyfCETP gene was found in 1 patient with hyperalphalipopro-
related to hyperalphalipoproteinemia and the elevated level ofeinemia and a D442G allelic frequency of 4.46% was found in
HDL-C. The observed mutation was not present inGESPgene  a normal population in Taiwan.
of 224 unrelated subjects, indicating that this mutation is not a

ACKNOWLEDGMENT
We gratefully acknowledge the editorial assistance of Professor
Table 2. Allelic Frequency of D442G Among HDL-C Levels Michael A Levine.
HDL-C Level No. of & Allelic Frequency
(mmol/L) Subjects Ho He N of D442G (%) Table 3. HDL-C Concentration in CETP D442G Genotypes
2.61-3.12 7 7 0.0 D442G (mean = SEM) Wild-Type (mean =
2.34-2.60 13 13 0.0 Ho (n = 2) He (n = 16) SEM) (n = 206)
2.09-2.33 36 6 30 8.33
1.83-2.08 66 1 8 57 7.58 Total €
=+ =+ +
1.57-1.82 17 1 16 2.94 (mmol/L) 5.14 = 0.69 5.83 * 0.32 5.54 + 0.09
1.32-1.56 30 1 1 28 5.00 HDL-C . . . .
1.06-1.31 36 36 0.0 (mmol/L) 1.77 £0.22  1.99 + 0.05 1.72 = 0.03
0.80-1.05 16 16 0.0 LDL-C
+ + +
<0.79 3 3 0.0 .(mmoI/.L) 2.83+0.19 3.44 *0.29 3.33 = 0.07
Triglyceride
All 224 2 16 206 4.46 (mmol/L) 1.15 = 0.58 0.86 + 0.09 1.07 = 0.05
Abbreviations: Ho, homozygotes; He, heterozygotes; N, no muta- Abbreviation: Total C, total cholesterol.

tion. *P < .0002 v wild-type.
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