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Abstract Phospholipid transfer protein (PLTP) partici-
pates in key processes in lipoprotein metabolism, including
interparticle phospholipid transfer, remodeling of HDL,
cholesterol and phospholipid efflux from peripheral
tissues, and the production of hepatic VLDL. The impact
of PLTP on reverse cholesterol transport suggests that the
gene may harbor sequence anomalies that contribute to
disorders of HDL metabolism. The human PLTP gene was
screened for sequence anomalies by DNAmelting analysis in
276 subjects with hypoalphalipoproteinemia (HA) and 364
controls. The association with plasma lipid parameters was
evaluated. We discovered 18 sequence variations, including
four missense mutations and a novel polymorphism (c.-
34G.C). In healthy controls, the c.-34G.Cminor allele was
associated with higher high density lipoprotein-cholesterol
(HDL-C) and was depleted in subjects with HA. Linear
regression models predict that possession of the rare allele
decreases plasma triglyceride (TG) and TG/HDL-C and
increases HDL-C independent of TG. Decreased PLTP
activity was observed in one (p.R235W) of four (p.E72G,
p.S119A, p.S124Y, and p.R235W) mutations in an in vitro
activity assay. These findings indicate that PLTP gene
variation is an important determinant of plasma lipopro-
teins and affects disorders of HDLmetabolism.—Aouizerat,
B. E., M. B. Engler, Y. Natanzon, M. Kulkarni, J. Song, C.
Eng, J. Huuskonen, C. Rivera, A. Poon, M. Bensley, A.
Sehnert, C. Zellner, M. Malloy, J. Kane, and C. R. Pullinger.
Genetic variation of PLTP modulates lipoprotein profiles in
hypoalphalipoproteinemia. J. Lipid Res. 2006. 47: 787–793.
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Hypoalphalipoproteinemia [HA (Online Mendelian In-
heritance in Man, entry: 604091)] refers to a category of
HDL deficiency (less than the population-based 10th per-
centile) at risk for premature coronary artery disease (1).
Whereas ablative mutations in several genes (e.g., ABCA1,
APOA1, APOC3, LCAT, and LPL) have been character-

ized in discrete disorders of HDL metabolism, as a group
they explain only a fraction of the cases of primary high
density lipoprotein-cholesterol (HDL-C) deficiency (2).
Given the estimated heritability of HDL-C levels (z50%)
(3), the search for the primary genetic determinants is not
only desirable, but tenable.

A combination of in vivo and in vitro studies has demon-
strated the participation of phospholipid transfer protein
(PLTP) in several key processes in lipoproteinmetabolism,
including the transfer of phospholipids from triglyceride
(TG)-rich lipoproteins to HDL particles (4), the remodel-
ing of HDL (5), the ABCA1-mediated efflux of cholesterol
and phospholipids fromperipheral tissues toHDL (6), and
its participation in hepatic VLDL synthesis (7–9). Thus, the
analysis of human genetic variation within the PLTP gene
may provide important clues to the importance of PLTP in
HDL-associated comorbidities [e.g., dyslipidemia, insulin
resistance, and obesity (10)] and outcomes (e.g., type 2
diabetes, metabolic syndrome, andmyocardial infarction).

Although the PLTP gene was previously studied in
French Canadian (10) and Finnish (11) samples, the in-
clusion of only 19 and 24 subjects, respectively, for
resequencing efforts would be likely to reveal only poly-
morphisms that are relatively frequent. Although 48 alleles
(11) are in theory sufficient to identify variations with 1%
frequency (e.g., 1 heterozygote in 24), sampling error can
easily mask such discoveries. We chose to conduct a
broader mutation detection effort in an attempt to identify
both rare and common sequence anomalies within the
transcribed region and exon-intron boundaries of PLTP.
The aims of this study, therefore, were to screen a case-
control cohort for sequence anomalies in the PLTP gene
and to test for genetic association with HA and/or
biochemical measurements. An additional aim was to test
for significant differences in biochemical properties,
including lipoprotein compartments, associated with
sequence variations. These analyses were conducted in
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two groups: one with HDL-C less than the 10th percentile
for gender, and a healthy control group. We report a
number of new sequence anomalies within the PLTP
transcribed region and provide evidence consistent with a
role for variation in the PLTP gene in regulating HDL-C.
Importantly, functional studies of four newly discovered
missense mutations resulted in the identification of a
missense mutant (p.R235W) with altered PLTP activity
and support the recent observation that both common
polymorphisms (c.-34G.C) and rare functional sequence
anomalies are independent sources of HDL deficiency.

METHODS

Study design

This study was a retrospective analysis using a racially and
ethnically diverse study population sample. The study population
was selected from the University of California San Francisco
(UCSF) Genomic Resource in Arteriosclerosis (GRA). Subjects
with HA (n 5 276) were identified from the GRA as individuals
with HDL-C less than the 19th percentile for their age and
gender (approximately ,35 mg/dl and ,45 mg/dl for men and
women, respectively). To control for HA secondary to increased
transfer of cholesteryl ester to TG-rich lipoproteins in this group,
individuals with TG . 3 SD from the mean were excluded.
Healthy controls (n 5 364) were selected from the GRA as
individuals without a primary form of dyslipidemia (e.g., HA).
Subjects were of non-Hispanic Caucasian (European) ancestry.
All subjects gave informed consent, and the UCSF Committee on
Human Research approved the study protocol.

Genotypic and phenotypic studies

Genomic DNA was prepared from whole blood obtained from
patients in the GRA population of UCSF (12). Blood was drawn
after a 10 h fast, and lipoprotein quantification was carried out
using standard protocols (13–16). Standards were provided by
the Centers for Disease Control and Prevention (Atlanta, GA).
Baseline lipoprotein measurements were obtained when patients
had received no lipid-lowering medication for at least 1 month, a
standard “wash-out” period for such medications (12).

Molecular gene scan of the PLTP gene

A combination of denaturing high-performance liquid chro-
matography (dHPLC) (17) and denaturing gradient gel electro-
phoresis (DGGE) (18) mutation detection was used to scan the
10 amplicons that spanned the 16 exons encoding the full-length
PLTP transcript (BC01984) using standard protocols. Exon 5,
which is absent in one of the two known PLTP splice variants
(19), was included in the analysis. Wave (dHPLC) or electro-
phoresis (DGGE) profiles consistent with sequence changes were
studied further by direct DNA sequencing to identify the
underlying DNA variations. Nomenclature guidelines for posi-
tion and sequence changes described herein are available at
http://archive.uwcm.ac.uk/uwcm/mg/docs/mut_nom.html.

Site-directed mutagenesis

A pSVL construct was used for the expression of wild-type and
mutant PLTP [wild-type PLTP in pSVL plasmid was a gift from
Christian Ehnholm (National Public Health Institute, Helsinki,
Finland)]. Site-directed mutagenesis was carried out using the
QuickChange Site-Directed Mutagenesis Kit (Stratagene, Inc., La
Jolla, CA).

Cell culture

COS-7 cells were grown inDMEM supplementedwith 10%FBS,
L-glutamine, streptomycin, and penicillin. Cells (1.2 3 106) were
seeded on 6 cm culture dishes the day before transfection. The
cells were then transiently transfected using PolyFect Reagent
(Qiagen, Inc., Valenica, CA) according to the manufacturer’s
protocol and grown in serum-free medium overnight. Superna-
tants were removed after 72 h, centrifuged to remove detached
cells, and used for PLTP transfer activity and mass analysis.

Specific PLTP activity

PLTP activity was measured using a radiometric assay (20, 21).
In this assay, the ability of PLTP to transfer phospholipids from
[14C]DPPC donor vesicles to ultracentrifugally isolated HDL3

acceptor particles was measured. PLTP mass was obtained from
Western blots. Briefly, culture supernatants were concentrated
using acetone precipitation, separated on SDS gels, transferred
onto nitrocellulose membranes, and blotted using the monoclo-
nal anti-PLTP antibody JH59 (22) [a gift from Matti Jauhiainen
and Christian Ehnholm (National Public Health Institute)].
Relative PLTP mass compared with the wild type was obtained by
scanning and quantitation of the PLTP bands. Specific PLTP
activity was obtained by dividing the activity by mass and is
expressed relative to the wild-type PLTP [wild-type PLTP activity
was 7276 148 (SD) nmol/ml/h and was set to a value of 1.0]. All
mutations were assayed in four replicates and included both
positive and negative controls.

Statistical methods

Statistical analyses were conducted using the SPSS forWindows
(version 11.0.1) system (23). Allele and genotype frequencies
were determined directly by the gene-counting method. Tests for
Hardy-Weinberg equilibrium in controls, and allelic or genotypic
association in cases versus controls, were evaluated by Chi-
square test. Two-group comparisons of means of transformed or
normally distributed variables used the independent samples
Student’s t-test (two-tailed). Natural log transformation was found
to be appropriate for the normalization of variables. Two-group
comparisons of means of untransformed, nonnormally distribut-
ed variables used the Wilcoxon two-sample test. The general
linear model procedure was used for linear regression models.
Power transformations of potential predictor variables were
examined to maximize the explanatory power of the overall
model (by maximizing the F statistic). Selected interaction effects
and covariate-adjusted means of the transformed responses for
levels of categorical factors were tested using the general linear
model procedure. Interaction effects with P, 0.10 were retained.
Data in the tables are presented as means 6 SD.

RESULTS

Baseline characteristics of the clinical populations

The clinical characteristics of subjects with HA and
healthy controls are described in Table 1. Compared with
healthy controls, HA subjects possessed increased VLDL-
TG [mean difference, natural log transformed520.5066
0.6471; 95% confidence interval (CI): 20.6328, 20.3785]
and LDL-TG (mean difference, natural log transformed5

20.2416 0.0417; 95% CI:20.3226,20.1588). In addition,
HA subjects possessed increased total cholesterol (mean
difference 5 217.57 6 4.806; 95% CI: 227.021, 28.124),
VLDL-C (mean difference, natural log transformed 5
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20.529 6 0.0639; 95% CI:20.6544, 20.4035), and LDL-C
(mean difference 5 223.89 6 4.951; 95% CI: 233.627,
214.143). The latter findings are explained in part by the
preselection bias inherent in the recruitment strategy of
subjects into the UCSF GRA (referral to the UCSF Lipid
Clinic as a result of increased LDL-C). Given their use in
the ascertainment of HA cases, the significance of the
differences in TG and HDL-C was not assessed. TG/HDL-
C, an emergent marker of insulin sensitivity, and LDL-C/
HDL-C, a clinically important cardiovascular risk factor,
were found to be significantly increased in HA subjects.

Body mass index (BMI) was modestly increased in HA
subjects. Subjects in the HA group did not differ signifi-
cantly with respect to age or HDL-TG concentration.

Results of PLTP molecular gene scan

Mutational analysis of the 16 exons of the PLTP gene in
both the HA and healthy control groups resulted in the
identification of several sequence anomalies, including a
single nucleotide polymorphism in exon 1 (c.-34G.C;
Table 2). Five missense mutations were identified in four

TABLE 1. Clinical characteristics of the study cohort

Trait Control (n) HA (n) Test Statistic

Age (years) 51.6 6 20.03 (364) 52.7 6 20.71 (276) n.s.
Gender (% female) 0.313 (364) 0.420 (276) Chi-square 5 7.363, 1 df, P 5 0.007.
TG

Total 124.7 6 61.56 (364) 172.4 6 76.80 (276) n.a.
VLDLa 74.5 6 57.56 (261) 113.8 6 72.70 (210) t 5 27.814, 467.94 df, P , 0.001
LDLa 34.8 6 13.28 (259) 44.3 6 18.71 (208) t 5 25.775, 452.60 df, P , 0.001
HDL 16.6 6 6.35 (364) 16.3 6 5.80 (276) n.s.

Cholesterol
Total 193.3 6 37.30 (364) 210.9 6 72.93 (276) t 5 23.657, 383.47 df, P , 0.001
VLDLa 17.9 6 14.52 (271) 27.0 6 15.60 (221) t 5 28.284, 488.79 df, P , 0.001
LDL 128.4 6 32.90 (271) 152.3 6 67.64 (221) t 5 24.824, 304.60 df, P , 0.001
HDL 48.1 6 13.97 (364) 31.3 6 6.30 (276) n.a.

TG/HDL-C 2.89 6 1.770 (364) 6.14 6 6.099 (276) Z 5 214.211, P , 0.0001
LDL-C/HDL-C 2.93 6 1.125 (271) 5.16 6 3.212 (221) Z 5 211.891, P , 0.001
BMI 26.0 6 4.77 (216) 27.9 6 3.212 (193) Z 5 23.351, P , 0.001

BMI, body mass index; df, degrees of freedom; HA, hypoalphalipoproteinemia; HDL-C, HDL-cholesterol; n.a.,
not applicable; n.s., not significant; TG, triglyceride.

aNatural log transformation.

TABLE 2. PLTP PCR primers and sequence anomalies identified in the PLTP gene

Sequence Variantsa

Exon Primer Control Subjects HA Subjects

1 gagagctgcagagaggagga c.-34G.Cb c.-34G.Cb

AL008726.3.1.86080:g.43974206A.C
tagagattctgcctggagcc (at 2708 of the ATG)

2–3 tcagataactcctgcgacc c.200121T.C
ctggtcctgcttccttcttg c.200156G.C

4 gagcagacaaatttcctgtcg p.E72G, c.215A.G
cggaaactcaggaaggctaag c.329176C.A c.329176C.A

p.N94N, p.A95P,
c.282T.G, c283G.C

5 gaggtatggtgatgcatggg p.S119A, c.355T.G c.485128C.T
attgcgctaggcagatgag p.S124Y, c.371C.Ac

6–7 ccctagtcactgatttctcc c.6131118_120delTTG c.6131118_120delTTG
caagtgaggaaacaagcac c.613184_89delAGTCCT

p.Q182Q, c.546G.A
8 caccttatcccacatcacac p.R235W, c.703C.T c.614-28C.T

cttgttaggaagtcagaggtcatac
9–10 caatgccttttaagagatgtgc

cttggtctcactggtgtgc
11–12 ggcaaaggcatgaaggctag

gcaacatccctgtggacag
13–15 ctgagcctgcaactcagac c.121811G.T

gtcaggtaatggagggcac c.1218179G.C
16 gaatgaataaatgaggctccc c.1654G.A

gccctgtacatcccagactg

PLTP, phospholipid transfer protein. Missense sequence anomalies are represented using standard single
letter codes.

aGenome build NCBI35:20; sequence variations are denoted according to Human Genome Variation Society
conventions (http://www.genomic.unimelb.edu.au/mdi/mutnomen/recs-DNA.html).

b Polymorphism displaying .1% allele frequency.
cOnline Single Nucleotide Polymorphism database (dbSNP) number 11569636.
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subjects, three of which are novel (p.E72G, p.S119Y, and
p.R235W; Table 2). One silent mutation and a probable
splice site mutation were identified in two subjects with HA
(p.Q182Q and c.121811G.T; Table 2).

Functional studies of PLTP missense mutations

Four mutations of PLTP were further investigated in
vitro. Site-directed mutagenesis was carried out, followed
by transient transfection of COS7 cells, subsequent PLTP
functional assay (radioisotopic method), and western
blotting for protein content to study the defects in lipid
transfer activities of mutant proteins.

Three of the mutations showed specific transfer activity
comparable to that of wild-type protein (Table 3). How-
ever, one mutation (p.R235W in exon 8) showed 45%
reduced activity in vitro. We were unable to obtain tissue
samples for further cholesterol efflux studies from this
individual. A sibling of the subject was screened for the
mutation by direct sequencing and was found to be
normal. All of themutations were synthesized and secreted
from the cells as efficiently as the wild-type PLTP; thus, the
reduced specific transfer activity of the R235W mutant is
not the result of aberrant folding and secretion but rather
displays a true functional defect of the protein.

Genetic association of lipid parameters with
PLTP c.-34G.C

On examination of the effects of the c.-34G.C poly-
morphism on lipoprotein metabolism using static fasting
lipoprotein concentrations as a metabolic “snapshot,”

significant changes in mean measures of plasma lipopro-
tein compartments were observed. In the control sample,
population carriers of the G allele exhibited modest yet
significantly increased HDL-C (Table 4), whereas these
were unchanged in HA subjects (Table 5). Suggestive
evidence of an association with increased VLDL-TG in
carriers of the G allele was observed in healthy controls but
not in HA subjects (Tables 4, 5).

Allelic and genotypic frequencies for the c.-34G.C
transversion in cases versus controls are listed in Table 6.
The c.-34G.C genotype distribution did not deviate
significantly from Hardy-Weinberg expectations (Chi-
square 5 0.122, 1 degree of freedom, P 5 0.73). Com-
pared with healthy controls, the frequency of C allele
carriers was modestly decreased in HA subjects (0.0433 vs.
0.0218; Chi-square 5 3.429, 1 degree of freedom, P 5

0.064; odds ratio 5 1.904, 95% CI: 0.913, 4.034). No
significant gender differences were observed with respect
to c.-34G.C allele frequencies. The observed c.-34G.C
minor allele frequency was 4.82% and 3.60% in con-
trols and 2.16% and 2.20% in cases for females and
males, respectively.

Linear regression analysis of lipoprotein measures in
carriers of PLTP c.-34G.C

Adjusting for variables known to be covariates of lipo-
protein measures (e.g., gender, age, and BMI) increased
the observed associations between c.-34G.C and HDL-C
and TG/HDL-C and provided evidence of an association
with TG. In contrast, adjusting for these variables
weakened the observed association with LDL-C/HDL-C.
Regressionmodels for lipid measures included data-driven
selection among the polymorphism categories CC and
CG1GG (carriers of the minor allele). The effects of the
potential predictors included age, gender, BMI, and
clinical category (HA or healthy controls). Interaction
effects were tested between clinical population and
genotype categories. The models always included clinical
population. Models in which a polymorphism effect did
not achieve P , 0.10 are not reported. In the models that
follow, the polymorphism effect GC1CC versus GG was
evaluated and is presented in Table 7.

TABLE 3. Specific PLTP activity in the four PLTP mutants

Mutation Exon PLTP Activity

p.E72G (c.215A.G) 4 1.18 6 0.24
p.S119A (c.355T.G) 5 0.91 6 0.14
p.S124Y (c.371C.A) 5 0.87 6 0.26
p.R235W (c.703C.T) 8 0.56 6 0.09a

The results are mean values 6 SEM from four independent
experiments and are expressed as percentages of the activity of wild-
type PLTP.

a P 5 0.015 compared with wild-type PLTP activity (Student’s
unpaired t-test, two-tailed).

TABLE 4. Plasma lipid concentrations in the control sample, grouped by genotype

Trait GG CG1CC Statistical Test

Age (years) 51.5 6 20.19 (334) 51.5 6 18.32 (29) n.s.
TG

Total 126.4 6 62.88 (335) 104.8 6 39.09 (29) n.s.
VLDL 76.6 6 59.19 (238) 52.9 6 30.14 (23) Z 5 21.744, P 5 0.08
LDL 34.9 6 13.40 (236) 33.7 6 12.22 (23) n.s.
HDL 16.6 6 6.44 (335) 16.4 6 5.41 (29) n.s.

Cholesterol
Total 193.0 6 37.33 (335) 196.6 6 37.41 (29) n.s.
VLDL 18.2 6 14.84 (247) 15.0 6 10.39 (24) n.s.
LDL 128.4 6 33.37 (247) 127.9 6 28.27 (24) n.s.
HDL 47.4 6 13.50 (335) 55.8 6 16.99 (29) Z 5 23.026, P 5 0.002

TG/HDL-C 2.95 6 1.757 (335) 2.72 6 1.835 (29) Z 5 22.710, P 5 0.007
LDL-C/HDL-C 2.95 6 1.091 (247) 2.66 6 1.835 (24) Z 5 22.005, P 5 0.045
BMI 26.1 6 4.84 (198) 24.6 6 3.72 (18) n.s.

n.s., not significant. Lipid measurements are expressed in mg/dl.
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For plasma TG (n 5 408; P , 0.001 for the selected
model), selected effects include clinical category (P ,

0.001), BMI (P 5 0.002), genotype category (P 5 0.032),
and age (P 5 0.064); the adjusted R2 for the model was
0.116. In c.-34G.C minor allele carriers, the difference in
TG concentrations was approximately 223.8 mg/dl. For
HDL-C (n 5 408; P , 0.001 for the selected model),
selected effects include clinical category (P , 0.001), gen-
der (P , 0.001), genotype (P 5 0.001), age (P 5 0.002),
genotype-by-clinical category interaction (P5 0.021), BMI
(P 5 0.041), and the natural log of TG (P 5 0.042); the
adjusted R2 for the model was 0.476. In healthy controls,
the difference in HDL-C concentrations between car-
riers of the C allele (GC1CC) and GG homozygotes was
z12.6 mg/dl. In HA subjects, the difference between the
two groups was 2.6 mg/dl. For the ratio TG/HDL-C (n 5

408; P , 0.001 for the selected model), selected effects
include clinical category (P , 0.001), gender (P , 0.001),
genotype (P 5 0.001), and BMI (P 5 0.003); the adjusted
R2 for the model was 0.345. In c.-34G.C minor allele car-
riers, the difference in TG/HDL-C was z1.121.

DISCUSSION

PLTP’s role in phospholipid transfer from TG-rich
lipoproteins, phospholipid and cholesterol acquisition
from peripheral cells, and participation in hepatic
synthesis of VLDL indicate that PLTP is a central effector
of HDL metabolism. In this study, we discovered a poly-

morphism in exon 1 of PLTP that is associated with anti-
atherogenic changes in lipoprotein profiles in subjects
with HA or healthy controls. Individuals in possession of
the c.-34G.C minor allele exhibited higher HDL-C. The
minor allele was also associated with lower plasma TG and
a lower TG/HDL-C ratio. Importantly, decreased PLTP
activity was observed in one (p.R235W) of four (p.E72G,
p.S119A, p.S124Y, and p.R235W)missense mutations in an
in vitro activity assay.

Although none of the missense mutations was common
in this study population, they have the potential to further
our understanding of PLTP structure and function. Pre-
dictions regarding the potential impact of these missense
mutations on PLTP structure can be made within the
context of the structural model proposed by Desrumaux
and colleagues (24). The R235Wmutation maps to a small
stretch of polypeptide between b strands bA3 and bC3.
Interestingly, this mutant is predicted to be “probably
damaging” when analyzed online by PolyPhen (at http://
genetics.bwh.harvard.edu/cgi-bin/pph/polyphen.cgi).
This is further supported by structure and function analysis
of PLTP using site-directed mutagenesis of the arginine
residue at position 235, considered likely to be important
in binding to charged lipid surfaces (25). The mutant
R235W showed low binding capability for HDL and greatly
decreased phospholipid transfer activity (25). In contrast
to the z50% decrease in secretion observed for the PLTP
R235E mutant studied by Ponsin and colleagues (25), the
PLTP R235W mutant exhibited no such defect. This
finding supports the conclusion that there are no gross
structural abnormalities affecting the secretion of the
mutant protein; rather, the R235W mutation affects the
functionality (specific activity) of the protein.

Functional studies are required to formally demonstrate
the functional impact of c.-34G.C, although it is likely that
it is in linkage disequilibrium with a function variation(s)
in the gene’s promoter. Although the two promoter poly-
morphisms reported previously (11) were not captured in
the amplicon spanning exon 1 in this study, the relation-
ship between promoter polymorphisms and c.-34G.C
should be investigated in subsequent studies. The c.-
34G.C minor allele was associated with antiatherogenic
changes in HDL-C, TG, and their ratio. It is noteworthy
that the occurrence of this polymorphism was appre-
ciably diminished in HA subjects. However, the statistical

TABLE 6. PLTP c.-34G.C variation allele and genotype frequencies

Genotype Control HA

GG 335 264
CG1CC 29 12
Total 365 276
C allele 4.33% 2.18%

Allele and genotype frequencies were determined by gene
counting.

TABLE 7. Regression analyses, grouped according to PLTP
c.-34G.C genotype

Trait GG GC1CC R2 P

TGa 142.3 118.5 0.116 ,0.001
HDL-Cb

Cases 32.3 34.9 0.476 ,0.001
Controls 48.3 60.9

TG/HDL-Cc 3.717 2.596 0.345 ,0.001

Lipid measurements are expressed in mg/dl. Covariates appearing
in the model were evaluated at the values described in the footnotes.

aBMI 5 26.92, age 5 52.00.
bBMI 5 26.9, age 5 52.00, TG 5 139.6.
cBMI 5 26.92.

TABLE 5. Plasma lipid concentrations in the HA sample,
grouped by genotype

Trait GG CG1CC
Statistical

Test

Age (years) 53.1 6 20.83 (263) 47.9 6 15.88 (12) n.s.
TG

Totala 172.9 6 77.54 (263) 164.3 6 64.66 (12) n.s.
VLDL 114.4 6 73.67 (200) 101.3 6 56.73 (9) n.s.
LDL 44.2 6 18.50 (198) 50.7 6 21.26 (9) n.s.
HDL 16.3 6 5.89 (263) 16.3 6 3.52 (12) n.s.

Cholesterol
Total 210.3 6 73.39 (263) 226.3 6 65.63 (12) n.s.
VLDL 27.0 6 15.67 (210) 27.6 6 15.53 (10) n.s.
LDL 151.5 6 67.87 (210) 171.1 6 57.79 (10) n.s.
HDLa 31.2 6 6.34 (263) 32.6 6 5.76 (12) n.s.

TG/HDL-C 6.18 6 6.224 (263) 5.30 6 2.512 (12) n.s.
LDL-C/HDL-C 5.14 6 3.266 (210) 5.59 6 2.512 (10) n.s.
BMI 27.9 6 5.63 (183) 28.1 6 5.72 (9) n.s.

n.s., not significant. Lipid measurements are expressed in mg/dl.
aA statistic is not provided for this variable used in the selection of

subjects.
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significance of this difference can only be considered
suggestive in this study. Clearly, validation of this finding in
an independent and larger sample is required.

HighTGand lowHDL-C is a characteristic pattern seen in
insulin-resistant individuals (26). Importantly, an increased
TG/HDL-C ratio was found to be as least as powerful a
predictor of ischemic heart disease as isolated high LDL-C
(27). Moreover, similar findings have been reported in
other cohort studies (28, 29). Whereas segregation studies
(30) and genome-wide linkage scanning (31) have provided
evidence for genetic determinants specifically affecting
TG/HDL-C, candidate gene studies aimed at identifying
the causal variants are few. Given the roles of PLTP in both
hepatic VLDL production and HDL metabolism in experi-
mental systems (5–7, 9), the effect of PLTP gene variation
on TG, HDL-C, and their ratio demonstrated here rep-
resents a critical validation of previous controlled observa-
tions and suggests that the role of PLTP in dyslipidemia and
cardiovascular risk merits further study.

Potential study limitations include a possibility of
preselection bias of primary HA. The UCSF Lipid Clinic
is a tertiary clinic to which individuals are most commonly
referred for increased LDL-C, which could explain the
increased levels observed in this cohort. Although both
DGGE and dHPLC have detection sensitivity approaching
100% (32), another potential limitation is the possibility
that a small subset of sequence variants were not detected
using the described mutation detection methodologies.
Although PLTP activity assays have centered on the gene’s
phospholipid transfer function, an evaluation of the role
of PLTP c.-34G.C in this aspect of PLTP function would
have been of interest.

The inverse relationship between HDL-C and risk of
coronary heart disease is firmly established. The central
role of PLTP in HDL metabolism and the fact that
increased PLTP activity appears to be atherogenic (33)
makes it an attractive target for pharmacological interven-
tion. This report represents the first in-depth sequence
analysis of the PLTP gene in humans and identifies a novel
polymorphism associated with antiatherogenic alterations
in lipoprotein profiles. Analysis of this polymorphism in
independent studies and characterization of the func-
tional impact of the missense mutations described here
represent the logical next steps in the study of PLTP gene
variation in lipid metabolism.
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