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Introduction
Carboxypeptidase E (CPE) is a member of the metallocar

boxypeptidase gene family that includes regulatory
carboxypeptidases, digestive carboxypeptidase, and several
proteins that do not have detectable enzyme activity.   Proin-
sulin is converted into insulin and C peptide by the con-

certed action of prohormone convertase (PC) 2, PC3, and
CPE[1], which is the major carboxypeptidase involved in the
biosynthesis of numerous peptide hormones and neurotrans-
mitters[2].  Proinsulin increases in patients with impaired glu-
cose tolerance[3] or type 2 diabetes[4], which suggest that
functional DNA variants in proinsulin processing enzymes,
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such as CPE, might cause human type 2 diabetes mellitus
(T2DM) as a result of deficient proinsulin processing.  A
study uncovered a rare non-conservative missense muta-
tion in the CPE gene and suggested that the mutant could
cause hyperproinsulinemia and diabetes in the homozygous
state by altering enzymatic properties[2].  A single amino acid
change (Ser202Pro) results in significantly reduced levels of
CPE enzyme activity and elevated levels of proinsulin.  As a
result, the identification of a mutation in the CPE gene of the
fat/fat mouse, which leads to marked hyperproinsulinemia,
late-onset obesity, and diabetes, is consistent with a possible
role in mutations in CPE during the development of diabetes
and obesity in humans[1,5].  In addition, in contrast to specific
insulin, proinsulin was recently shown to be a long-term pre-
dictive factor of coronary heart disease (CHD) in middle-aged
men in the UK[6] and Sweden[7,8].  Also, in studies with a short
follow up, proinsulin has predicted myocardial infarction[9]

and first-ever stroke[10].  Large-scale prospective epidemio-
logical studies have indicated that hyperinsulinemia[11-13] and
glucose intolerance[14] are associated with the development
of coronary artery disease.  Båvenholm et al[14] suggested a
close association between proinsulin levels and coronary
atherosclerosis in inhabitants of Stockholm county.
Therefore, it is hypothesized that some functional variants
and single nucleotide polymorphisms (SNP) in the CPE gene
may be responsible for coronary atherosclerosis and CHD.
In fact, Chen et al[2] found 2 distinct variants (R283W, c.
847C>T and H267H, c.  801C>T) in the CPE gene exon5 cod-
ing region in a collection of Ashkenazi.  The arginine 283 is
present in the carboxypeptidase motif, and the H267H, c.
801C>T could potentially affect enzyme function.  However,
there is little information available about the association be-
tween the SNP of the CPE gene and the angiographical char-
acteristics of coronary atherosclerosis estimated by conven-
tional coronary angiography, blood glucose, insulin
resistance, and hyperproinsulinemia level, so we conducted
a molecular epidemiological study of coronary atherosclero-
sis in a Chinese population.  We genotyped both the 801C>T
and 847C>T polymorphisms in 1044 consecutive patients
who underwent coronary angiography for suspected or
known coronary atherosclerosis, and evaluated the possible
association of these 2  polymorphisms of the CPE gene exon 5
with the severity of coronary atherosclerosis defined by the
Gensini’s score (GS) system[15].

Materials and methods
Study patients  The studied population consisted of 1044

consecutive patients (777 men and 267 women) who under-

went coronary angiography for suspected or known coro-
nary atherosclerosis at the First Affiliated Hospital of Nanjing
Medical University, Nanjing, China, from 2004 to 2006.  All of
the patients were genetically unrelated ethnic Han Chinese.
Patients with spastic angina pectoris (ie acetylcholine positive)
were excluded.  Patients with infectious processes within 2
weeks before catheterization, heart failure (Killip class >=2
after acute myocardial infarction), hepatic dysfunction, vas-
cular disease (aortitis treated with prednisolone), familial
hypercholesterolemia, thyroid dysfunction, or adrenal dys-
function were also excluded.  Each patient was scheduled
for an interview, and a structured questionnaire was admin-
istered by interviewers to collect information on demographic
data, family history of CHD (any kind of CHD in first-degree
relatives), medical history, current medications, and envi-
ronmental exposure history, such as cigarette smoking and
alcohol intake of the patients.  Informed consent was ob-
tained from each patient before entering the study, and the
study was assessed and approved by the institutional Eth-
ics Committee of the First Affiliated Hospital of Nanjing
Medical University.

Coronary angiography  Coronary arteries were cannu-
lated by using Judkins technique[16] with 5F catheters, and
recorded on Kodak 3 mm cinefilm (New York) at a rate of 30
frames per second.  The GS system was calculated to provide
a measurement of the extent and severity of atherosclerosis,
based on the hypothesis that the severity of CHD should be
considered as a consequence of the functional significance
of the vascular narrowing and the extent of the area perfused
by the involved vessel or vessels[17-19].  In this score system,
the percentage of diameter stenosis was weighed from 1 to
32 for 25%–100% obstruction, and each segment was
weighed from 0.5 to 5, depending on the functional signifi-
cance of the area supplied by that segment.  The product of
these 2 weights was the total weight for each arterial segment.
The severity score is the sum of all total weights.  A greater
reduction of the lumen diameter was assigned a higher score
than a distal lesion in this system.

Anthropometric measurements  Anthropometric mea-
surements were taken after the patients had removed their
shoes and upper garments and had donned an examination
gown.  Height was measured to the nearest 0.1 cm using a
wall-mounted stadiometer.  Weight was measured to the near-
est 0.1 kg using a hospital balance beam scale.  Body mass
index (BMI) was calculated as weight (kg) divided by the
square of height (m2).  Blood pressure was measured in the
right arm with the participant seated and the arm bared.  Three
readings were recorded for each individual, and the average
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was recorded.
Biochemical measurements  Before cardiac catheteri-

zation, fasting blood samples for the biochemical measure-
ments and DNA isolation were obtained from all patients
who had been admitted to the coronary care unit of the First
Affiliated Hospital of Nanjing Medical University in the
morning after an overnight fast.  All laboratory measure-
ments were conducted at the Central Clinical Laboratory at
this hospital.  The following biochemical parameters were
determined: total cholesterol (TCH, mmol/L), high-density li-
poprotein cholesterol (HDL-C, mmol/L), low-density lipopro-
tein cholesterol (LDL-C, mmol/L), triglyceride (TG, mmol/L),
and fasting blood glucose (FBG, mmol/L) using enzymatic
procedures on an autoanalyzer (AU 2700 Olympus, 1st
Chemical, Tokyo, Japan).  The laboratory was monitored for
the precision and accuracy of glucose and lipid measure-
ments by the agency’s surveillance program.  Measurements
on agency-assigned quality control samples showed no con-
sistent bias over time within or between surveys.  The insu-
lin level was measured by using a highly-sensitive 2-site
sandwich ELISA[20].  The detection limit was 5 pmol/L.  The
proinsulin level was measured in a similar manner by using
another sensitive 2-site sandwich ELISA[21].  The detection
limit in human sera was 0.25 pmol/L.  There was no cross-
reactivity with human insulin and C peptide.  All measure-
ments were performed in duplicate.  The 4 monoclonal
antibodies, including OXI-005, HUI-018, PEP-001, and HUI-
001 were kind gifts from Novo Nordisk, Bagsvaerd, Denmark.

DNA isolation and gene sequencing  Genomic DNA was
extracted using the Viogene® Blood genomic DNA extraction
midiprep system (Sunnyvale, California, USA) from
leucocytes in the blood samples taken before the coronary
angiography.  A region containing the CPE exon5 gene was
amplified by PCR using the following primers and conditions.
The primers were: 5’-ATGCTGTGCTGCTTGGTCT-3’ (sense)
and 5’-AGCACAATGGAAACTCACCT-3’ (anti-sense).
Then 50 ng of genomic DNA was amplified in 25 µL reactions
containing 10 pmol of each primer, 2.5 mmol/L each dNTP, 1×
PCR buffer, 1 mmol/L MgCl2, and 1 unit of Taq polymerase.
The PCR conditions were: 98 ºC for 2 mins, followed by 35
cycles of 30 s at 96 ºC, 30 s at 58 ºC, and 45 s at 72 ºC, followed
by a 7-min final extension at 72 ºC.  Amplification primers
were also used as sequence primers.  The purified 257 bp
PCR product (Figure 1) was detected by bidirectional se-
quencing using an automated sequencer (ABI PRISM 377
DNA sequencer; Applied Biosystems, Foster City, California,
USA).  Sequencing results were compared with wild-type
sequences published in National Center for Biotechnology
Information (NCBI) by the Basic Local Alignment Search Tool

Figure 1.  Purified 257 bp PCR product containing the CPE exon5
gene (electrophoresis in 2% agarose gel).  Lane 1: DNA marker (DL
2000); lanes 2 and 3: 257 bp PCR product of CPE exon5.

Figure 2.  Sequencing identification for genotypes of the CPE exon5
SNP801 (C–T) using PCR.  Three charts represent the SNP801CC,
SNP801CT, and SNP801TT genotypes, respectively.  *DNA se-
quence obtained by the anti-sense primer elongation.

Figure 3.  Sequencing identification for genotypes of the CPE exon5
SNP847 (C–T) using PCR. Chart represents the SNP847CC genotype.
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(BLAST) comparative search algorithms (www.ncbi.nlm.nih.
gov/BLAST/) to genotype the 267th codon, c.801C>T
(H267H) locus and 283rd codon, c.847C>T (R283W) locus.
As shown in Figures 2 and 3, double peaks were labeled with
CT (GA: DNA sequence obtained by the anti-sense primer
elongation).  Genotyping was performed without knowing the
coronary arteries stenosis status of the patients.  Furthermore,
10% of the samples were randomly selected to perform the
repeated assays, and the results were 100% concordant.

Statistical analysis  All patients with a GS >=0 were clas-
sified into 4 groups using the quartile values as cut-off points
so that each group had an approximate equal number of pa-
tients to minimize any bias that may have been produced in
the statistical analysis.  Data of age, BMI, systolic blood
pressure (SBP, mmHg), diastolic blood pressure (DBP,
mmHg), TCH (mmol/L), and LDL-C (mmol/L) are normally
distributed parameters and presented as mean±SD, whereas
skewed data, including HDL-C (mmol/L), TG (mmol/L), FBG
(mmol/L), insulin (mIU/L), proinsulin (pmol/L), and homeo-
stasis model assessment (HOMA) insulin resistance (IR)
index (IR was estimated by a HOMA model, using specific
fasting insulin and glucose concentrations.  HOMA
IR=FBG×insulin/22.5)[22], were expressed as the median and
interquartile range.  Differences in selected demographic
continuous variables among groups were evaluated by us-
ing one-way ANOVA or Kruskal–Wallis test.  The selection
of these 2 test methods was based on the results of the homo-
geneity variance test.  Categorical variables of sex, smoking
status, alcohol consumption status, family history of CHD,
and allele frequencies of the CPE gene were compared among
the groups of patients by χ2-test.  The associations between
CPE gene variants and angiographical characteristics of coro-
nary atherosclerosis risk were estimated by computing the
odds ratios (ORs) and their 95% confidence intervals (CIs)
from the ordinal logistic regression analysis with adjustments
for age, sex, BMI, smoking status, and other confounding
risk factors.  The genotype data were further stratified by
subgroups of age, sex, BMI, and smoking.  The Hardy–
Weinberg equilibrium was tested by a goodness-of-fit χ2-
test to compare the observed genotype frequencies to the
expected frequencies among all patients.  Analysis of
covariance, controlling for age, sex, and BMI, was used to
test the association between blood glucose, insulin, HOMA
IR, proinsulin, and the CPE polymorphism.  Differences were
considered to be significant if the null hypothesis could be
rejected with >95% confidence.  All P-values are 2-tailed,
and all statistical computations and analyses were performed
with statistical analysis system software (version 8.0e; SAS
Institute, Cary, NC, USA).

Results
Distribution of selected variables and CPE variant alle-

les in patients grouped according to GS  According to the
genotyping results and questionnaire data, we selected 1044
patients who were classified according to the quartile values
of GS in this analysis.  Patients in quartile I, II, III, and IV
(groups A, B, C, and D, respectively) had an increasingly
high GS.  Allele frequencies of the CPE exon5 801C>T and
847C>T polymorphisms are presented in Table 1, which also
shows the basic characteristics of the patients of the 4
groups.  There were no significant differences between the 4
groups in BMI, SBP, DBP, TCH, and TG levels, the frequency
distribution of alcohol consumption, and family history of
CHD.  However, the HDL-C, LDL-C, FBG, insulin, proinsulin,
and HOMA IR levels showed statistically significant differ-
ences among the 4 groups.  Compared with the patients with a
lower GS, the patients with a higher GS were older (P<0.001)
and more likely to be smokers (P<0.001).  Also, being male ap-
peared to be a risk factor (P<0.001).  Therefore, these variables
were further adjusted in the multivariate logistic regression
analysis.  Moreover, the frequency of the CPE exon5 801T allele
was 0.117, 0.108, 0.121, and 0.157, respectively, in the 4 groups,
and the differences were not statistically significant (P=0.082).
However, the frequency of the 847T allele was 0 for all of the
patients (Table 1).

Genotype distribution of the human CPE gene exon5
polymorphisms in grouped patients and their association
with angiographical characteristics of coronary athero-
sclerosis risk  The genotype frequency for the CPE exon5
801C>T polymorphisms was in agreement with the Hardy–
Weinberg equilibrium for all patients (χ2=0.030, P=0.863; Table
2).  The genotype distribution of 801C>T and 847C>T
polymorphisms in the patients of the 4 groups are shown in
Table 3.  The 801C>T genotype frequencies were 78.17%
(CC), 20.24% (CT), and 1.59% (TT), respectively, in group A;
79.18% (CC), 20.07% (CT), and 0.74% (TT), respectively, in
group B; 76.26% (CC), 23.35% (CT), and 0.39% (TT),
respectively, in group C; and 72.41% (CC), 23.75% (CT), and
3.83% (TT), respectively, in group D; and the overall difference
was statistically significant between the 4 groups (P=0.033).
However, we did not find any mutations at 847C>T locus in
this study.  The ordinal logistic regression analysis revealed
that compared with the 801CC genotype, elevated risks for the
angiographical characteristics of coronary atherosclerosis were
associated with 801CT (adjusted OR=1.23, 95% CI=0.93–1.63),
801TT (3.13, 1.18–8.28), and their combined genotypes
801CT+TT (1.30, 0.99–1.70; Table 3).

Stratification analysis of the association between the
CPE exon5 polymorphism and the angiographical charac-
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teristics of coronary atherosclerosis risk  We performed a
stratification analysis according to age, sex, overweight (BMI
>=24 kg/m2), and smoking status.  From the stratification
analysis, we found that the severity of coronary atheroscle-
rosis associated with the CPE exon5 801C>T polymorphism
was more evident among older people (>=60 years, adjusted
OR=3.86, 95% CI=1.07–13.90 for 801TT), males (adjusted
OR=3.43, 95% CI=1.20–9.87 for 801TT, adjusted OR=1.37,
95% CI=1.00–1.87 for 801CT+TT), and smokers (adjusted
OR=1.69, 95% CI=1.12–2.56 for 801CT, adjusted OR=5.73, 95%
CI=1.56–21.12 for 801TT, adjusted OR=1.85, 95% CI=1.24–2.76
for 801CT+TT; Table 4).  In addition, there was no signifi-
cant evidence of any associations between the variant geno-

type and the risk of angiographical characteristics of coro-
nary atherosclerosis among the other subgroups in the strati-
fied analyses (data not shown).

Effect of genotypes on blood glucose, insulin, proinsulin
concentrations, and IR  Differences between genotype
groups were assessed by an analysis of covariance control-
ling for age, sex, and BMI.  The CPE exon5 801C>T polymor-
phism was not significantly associated with blood glucose,
insulin, HOMA IR or proinsulin levels (data not shown).

Discussion
In this hospital-based study, we found that in a rela-

tively large Chinese population sample, a statistically sig-

Table 1.  Selected basic characteristics and allele frequencies of the CPE gene in patients grouped according to the quartile values of GS.

                                                           GS
        0-1.9        2-22.9        23-59.9          ≥60 P-valued

Group A (n=253) Group B (n=270) Group C (n=258) Group D (n=263)

Age (years) 57.76±10.28 61.71±10.11 63.12±10.21 64.61±9.66 <0.001
Sex 162/91 190/80 205/53 220/43 <0.001

(male/female)
BMI (kg/m2) 25.23±3.21 24.85±3.08 24.78±2.99 24.90±3.14 0.384
Smoking status 78/170 113/156 147/107 148/111 <0.001

 (Yes/No)a

Alcohol consumption 44/204 61/208 64/190 53/206 0.212
(Yes/No)b

Family history 55/198 48/222 46/212 63/200 0.210
of CHD (Yes/No)
SBP (mmHg) 131.32±17.47 133.37±20.55 131.51±22.21 130.72±20.91 0.443
DBP (mmHg) 80.45±10.87 79.38±11.33 78.51±12.06 78.18±11.23 0.105
TCH (mmol/L) 4.02±0.82 4.21±1.02 4.17±.97 4.10±1.13 0.065
HDL-C (mmol/L) 1.03(0 .90-1.21) 1.02 (0.88-1.20) 0.93 (0.82-1.08) 0.96 (0.81-1.14) <0.001
LDL-C(mmol/L) 2.33±0.67 2.46±0.80 2.52±0.80 2.48±0.82 0.042
TG (mmol/L) 1.41 (0.98-2.00) 1.44 (0.99-2.14) 1.52 (1.05-2.04) 1.32 (1.00-1.97) 0.347
FBG (mmol/L) 4.64 (4.29-5.14) 4.73 (4.33-5.32) 4.84 (4.36-5.87) 5.12 (4.53-6.32) <0.001
Insulin (mIU/L) 3.86 (2.71-4.96) 3.65 (2.53-5.09) 3.98 (2.53-5.31) 4.12 (3.02-6.11) 0.005
Proinsulin 11.13 (7.06-15.62) 12.00 (7.95-19.27) 13.30 (8.52-20.65) 15.11 (9.15-24.20) <0.001

(pmol/L)
IR (HOMA) 0.78 (0.56-1.10) 0.78 (0.54-1.22) 0.88 (0.50-1.32) 1.01 (0.67-1.70) <0.001
CPE exon5801C>Tc

C allele (%) 445(88.29) 480(89.22) 452(87.94) 440(84.29) 0.082
T allele (%) 59(11.71) 58(10.78) 62(12.06) 82(15.71)
CPE exon5 847C>Tc

C allele (%) 504 (100.0) 538 (100.0) 514 (100.0) 522 (100.0)
T allele (%) 0 0 0 0

Data are reported as numbers of Yes and No, numbers (percentages are given in parentheses), mean±SD, and median (interquartile range).
aSmoking information was available for 248 group A patients, 269 group B patients, 254 group C patients, and 259 group D patients. bAlcohol
consumption information was available for 248 group A patients, 269 group B patients, 254 group C patients, and 259 group D patients.
cAllele information was available for 252 group A patients, 269 group B patients, 257 group C patients, and 261 group D patients. dStatistical
significance of differences were evaluated using one-way ANOVA, Kruskal–Wallis test (continuous variables), and 2-sided χ2-test (categorical
variables).
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nificant increased risk of angiographical characteristics of
coronary atherosclerosis probably associated with the exon5
801C>T polymorphism of the human CPE gene, and this risk
effect was more evident in relatively older patients (>=60
years), males, and smokers, and was independent of any
other known risk factors.  These findings support our prior
hypothesis that the SNP in the CPE gene may play a role in the
development of coronary atherosclerosis in this population.
Moreover, in the population, we did not find any mutations
at 847C>T locus.

CHD results to a large extent from the life-long interac-
tion of genetic and environmental factors[23].  Our present

study indicated that the level of fasting blood glucose, insulin,
proinsulin, and HOMA IR all differed among the 4 groups, as
measured by the GS system, which is consistent with the
results in a previous report, in which IR was associated with
the severity of coronary atherosclerosis, as measured by GS
or the number of stenosed vessels, and increased the risk of
CHD[15].  As IR with hyperinsulinemia performs important
functions in human insulin-mediated glucose metabolism, it
is presumed that genetic variations in their levels or struc-
ture may influence this metabolism and increase an
individual’s risk of developing atherosclerosis.  Genetic varia-
tions in some of the CPE genes have been shown to affect

Table 2.  Hardy–Weinberg equilibrium test for CPE exon5 801C>T genotype frequencies among all patients.

                        CPE exon5 801C>T genotype                                                        Allele
      CC      CT    TT        C       T
     n (%)     n (%)   n (%)      n (%)     n (%)

Observed frequencies 795(76.52) 227(21.85) 17(1.64) 1817(87.44) 261(12.56)
Expected frequencies 794.39 228.22 16.39         –        –

χ2=Σ (observed frequencies-expected frequencies)2/expected frequencies=0.030, df=1, P=0.863. aCPE exon5 801C>T genotype information
was available for 1039 patients.

 n=1039 a

Variables

Table 3.  CPE exon5 801C>T and 847C>T genotype frequencies of 4 groups of patients and their association with the angiographical
characteristics of coronary atherosclerosis.

                                                 GS
    0-1.9   2.0-22.9   23.0-59.9     ≥ 60.0        Crude      Adjusted
  Group A   Group B   Group C  Group D         OR          OR
  (n=253)   (n=270)   (n=258)   (n=263)      (95% CI)     (95% CI) b

  No. (%)   No. (%)   No. (%)   No. (%)

CPE exon5 801C>Ta

CC 197(78.17) 213(79.18) 196(76.26) 189(72.41) 1.00 1.00
CT 51(20.24) 54(20.07) 60(23.35) 62(23.75) 1.19 (0.92-1.55) 1.23 (0.93-1.63)
T T 4(1.59) 2(0.74) 1(0.39) 10(3.83) 3.01(1 .23-7.38) 3.13 (1.18-8.28)

                                                                Two-sided χ2-test=13.745   P=0.033

CC 197(78.17) 213(79.18) 196(76.26) 189(72.41) 1.00 1.00
CT+TT 55(21.83) 56(20.82) 61(23.74) 72(27.59) 1.26 (0.97-1.63) 1.30 (0.99-1.70)

                                                                 Two-sided χ2-test =3.903   P=0.272

aDNA quality or quantity was insufficient for exon5 genotyping in 5 patients, thus group A,B, and C missed 1 genotyping information,
respectively, and group D missed 2 genotyping information. bAdjusted for age, sex, BMI, smoking status, family history of CHD, blood
pressure, diabetes mellitus, hyperlipemia, insulin, and proinsulin in a logistic regression model. Adjusted risk factors were defined as follows:
diabetes mellitus (considered to be present if the patient was on antidiabetic medicine or had a fasting glucose level =7.0 mmol/L) and
hyperlipemia (total cholesterol =5.72 mmol/L and/or LDL-C =3.64 mmol/L or TG =1.70 mmol/L either with or without low levels of HDL-C
<0.91 mmol/L).
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insulin and proinsulin concentrations in the general popula-
tion[1,2,5].

As a proinsulin-processing enzyme, CPE is the major car-
boxypeptidase involved in the biosynthesis of numerous
peptide hormones and neurotransmitters, removing C-termi-
nal basic amino acids remained after endoproteolytic pro-
cessing[24].  Prohormones processed by CPE include proin-
sulin and pro-opiomelanocortin.  An obesity–diabetes
syndrome, including hyperproinsulinemia in obese fat/fat
mice, is associated with a carboxypeptidase E mutation which
reduces enzyme activity[5].  It was reported that the oblitera-
tion of CPE, the sorting receptor, leads to multiple endocrine
disorders in these genetically-defective mice, including
hyperproinsulinemia and infertility, which was derived from
the missorting of proinsulin to secretory pathways[25].  To
test the hypothesis that the mutations in the CPE gene might

be responsible for the development of non insulin-depen-
dent diabetes mellitus (NIDDM) and obesity in humans, the
promoter and entire coding region of the CPE gene have
been characterized and screened for mutations in a group of
Japanese patients with NIDDM and obesity by single-strand
conformational polymorphism analysis and nucleotide se-
quencing that revealed 3 nucleotide changes, a G-to-T sub-
stitution at nucleotide –53, a G-to-A substitution at nucle-
otide –144 in the promoter region, and a silent G-to-A substi-
tution in codon 219.  None of the nucleotide substitutions
were associated with NIDDM or obesity.  Thus genetic varia-
tions in the CPE gene do not appear to play a major role in
the pathogenesis of NIDDM or obesity in the Japanese popu-
lation[1].  In another study[2], CPE was scanned for mutations
in a collection of Ashkenazi T2DM families, and 5 SNP were
identified.  An SNP in the 283rd codon, c.847C>T, changes

Variables

Table 4.  Stratified analyses of CPE exon5 801C>T genotype frequencies, OR, and 95% CI in patients by selected characteristics.

                                                CPE exon5 801C>T genotype
      GS 0-1.9     GS 2.0-22.9    GS 23.0-59.9         GS ≥60     Adjusted

Genotype Group A (n=253) Group B (n=270) Group C (n=258) Group D (n=263) OR (95% CI)a

       No. (%)         No. (%)        No. (%)         No. (%)

Age (years)
<60 CC 109(80.1) 91(83.5) 68(72.3) 54(77.1) 1.00

CT 24(17.6) 18(16.5) 25(26.6) 14(20.0) 1.47(0.93-2.33)
T T 3(2.2) 0(0 .0) 1(1 .1) 2(2 .9) 1.55(0.31-7.75)
CT+TT 27(19.9) 18(16.5) 26(27.7) 16(22.9) 1.48(0.95-2.32)

>=60 CC 88(75.9) 122(76.3) 128(78.5) 135(70.7) 1.00
CT 27(23.3) 36(22.5) 35(21.5) 48(25.1) 1.11(0.79-1.58)
T T 1(0.9) 2(1 .3) 0(0 .0) 8(4 .2) 3.86(1.07-13.9)
CT+TT 28(24.1) 38(23.8) 35(21.5) 56(29.3) 1.19(0.85-1.67)

Sex(male/female)
Male CC 126(77.8) 153(80.5) 156(76.5) 156(71.6) 1.00

CT 33(20.4) 35(18.4) 47(23.0) 53(24.3) 1.29(0.93-1.78)
T T 3(1.9) 2(1 .1) 1(0 .5) 9(4 .1) 3.43(1.20-9.87)
CT+TT 36(22.2) 37(19.5) 48(23.5) 62(28.4) 1.37(1.00-1.87)

Female CC 71(78.9) 60(75.9) 40(75.5) 33(76.7) 1.00
CT 18(20.0) 19(24.1) 13(24.5) 9(20.9) 1.06(0.60-1.86)
T T 1(1.1) 0(0 .0) 0(0 .0) 1(2 .3) 3.39(0.18-64.57)
CT+TT 19(21.1) 19(24.1) 13(24.5) 10(23.3) 1.09(0.62-1.91)

Smoking status
N o CC 131(77.5) 117(75.5) 82(77.4) 85(77.3) 1.00

CT 37(21.9) 36(23.2) 24(22.6) 23(20.9) 0.91(0.62-1.33)
T T 1(0.6) 2(1 .3) 0(0 .0) 2(1 .8) 1.34(0.26-6.96)
CT+TT 38(22.5) 38(24.5) 24(22.6) 25(22.7) 0.92(0.63-1.35)

Yes CC 64(82.1) 96(85.0) 110(74.8) 101(68.7) 1.00
CT 12(15.4) 17(15.0) 36(24.5) 38(25.9) 1.69(1.12-2.56)
T T 2(2.6) 0(0 .0) 1(0 .7) 8(5 .4) 5.73(1.56-21.12)
CT+TT 14(17.9) 17(15.0) 37(25.2) 46(31.3) 1.85(1.24-2.76)

aAdjusted for the other covariates presented in the Table in a logistic regression model for each stratum.
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arginine to tryptophan (R283W).  The 847T allele frequency
was 0.007 in the Ashkenazi population, and patients who
inherited 1 copy of this variant had a much earlier age of
onset for T2DM.  The R283W CPE protein cleaves peptide
substrates with substantially lower efficiencies and is less
stable at elevated temperatures.  In addition, the variant has
a narrower pH optimum and is much less active at pH 6–6.5.
This indicates that the R283W CPE variant would be sub-
stantially less active than wild-type CPE in the trans-Golgi
network and immature secretory vesicles where the enzyme
functions in vivo.  Thus the authors predict that this mutant
could cause hyperproinsulinemia and diabetes in the ho-
mozygous state.  In the middle-aged UK male population,
proinsulin, in contrast to specific insulin, was recently shown
to be a long-term predictor of CHD[6].  A follow-up study indi-
cated that the increased proinsulin concentrations resulted in
death and morbidity caused by CHD over a period of 27 years,
independent of other major cardiovascular risk factors[7].
Therefore, in order to test this hypothesis that the mutation in
the CPE gene, which leads to marked hyperproinsulinemia, is
consistent with a possible role for mutations in CPE in the
development of CHD, the present study was conducted to
evaluate the association between the angiographical char-
acteristics of coronary atherosclerosis and the CPE poly-
morphism in the Chinese population.  In our study, the GS
system was used to define the angiographical characteris-
tics of coronary atherosclerosis.  All patients were assigned
to 4 groups according to their GS (quartile values were used
as cut-off points).  However, in the present study, we did not
find any mutations in the 283rd codon, c.847C>T of the CPE
gene exon5 region in all consecutive patients who under-
went coronary angiography for suspected or known coro-
nary atherosclerosis.  Chen et al[2] previously estimated the
frequency of the CPE gene exon5 847T allele as 0.007 in the
Ashkenazi population.  This inconsistency may be attrib-
uted to different ethnic populations.  Owing to the relatively
low frequency of this mutation in the population, there is
still no reliable estimate of the effect of this mutation on
glucose metabolism.  This discovery of new and common
mutations in the CPE gene may be of help to solve this
problem.  Interestingly, the less common allele at the 267th
codon, c.801C>T of CPE gene exon5 region in the Ashkenazi
population (T-allele frequency was 0.033 in 272 patients af-
fected with T2DM and 0.018 in the controls)[2] was present
at a high level in the Chinese population (T allele=0.126).
The results from the ordinal logistic regression analysis re-
vealed that compared with the SNP801CC genotype, the TT
genotype of 801C>T was associated with a significant 213%
increased risk (adjusted OR=3.13; 95% CI=1.18–8.28).  The

silent synonymous mutation in the coding region could
potentially affect the enzyme function by changing the gene
expression or altering splice sites, although it would not affect
the amino acid sequence[2].  These findings suggest that the
CPE exon5 801C>T polymorphism may be potential genetic
markers of the angiographical characteristics of coronary ath-
erosclerosis risk modified by insulin-mediated glucose me-
tabolism levels of the patients in their environmental exposure
as indicated in age, sex, and smoking status.  However, due to
the small sample size in the subgroups, these findings were
considered preliminary and need to be validated in further
studies with larger sample sizes in these subpopulations.  In
addition, the polymorphism genotype had no effect on blood
glucose, insulin, HOMA IR, or proinsulin concentrations in
all of the patients.

Several limitations in our study need to be addressed.
First, like all other hospital-based studies, our study popula-
tion with coronary atherosclerosis were enrolled from the
hospitals, the study patients may not be representative of
the general population, and inherent selection bias cannot
be completely excluded.  However, we applied rigorous epi-
demiological design by limiting the factors of selecting the
patients and used further statistical adjustment to minimize
the potential biases.  Second, although we observed a sig-
nificant major effect of the CPE exon5 variant genotypes, the
sample size restricted us from identifying gene–environment
interactions in the pathogenesis and severity of CHD.
Finally, the exact functional consequence of this CPE exon5
variant was not known.  Therefore, further studies are needed
to determine how the CPE gene exon5 801C>T SNP may in-
fluence the expression of CPE or its protein function.

In conclusion, although the exact biological mechanism
of this association remains to be explored, our study pro-
vides probable evidence that the CPE gene exon5 801C>T
polymorphism may contribute to the etiology of the severity
of coronary atherosclerosis and plays an important role in
the atherosclerotic process in the Chinese population.  These
findings have offered a novel interpretation for the molecu-
lar basis of the role of the CPE gene on the development of
coronary atherosclerosis.  Large, well-designed prospective
studies with ethnically-diverse populations are warranted to
further elucidate the impact of more CPE gene SNP on coro-
nary atherosclerosis susceptibility.  More functional data
for this specific association are needed to illustrate this bio-
logical mechanism.
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