Association of a 27-bp Repeat Polymorphism in Intron 4 of Endothelial
Constitutive Nitric Oxide Synthase Gene With Serum Uric Acid Levels
in Chinese Subjects With Type 2 Diabetes
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Nitric oxide (NO) was found to modulate uric acid production through its influence on xanthine oxidase activity, and a close
circadian relationship of serum uric acid (SUA) and NO was reported. Studies also revealed that serum NO activity could be
determined by endothelial constitutive nitric oxide synthase gene (ecNOS) polymorphism. This study was designed to
investigate whether SUA could be influenced by a 27-bp repeat polymorphism in intron 4 of ecNOS gene. A total of 398
nondiabetic subjects and 800 patients with type 2 diabetes were studied. The ecNOS gene intron 4 polymorphism was
determined by polymerase chain reaction (PCR). The mean SUA level of patients having type 2 diabetes was significantly
lower than that of control subjects (6.1 = 1.8 mg/dL v 6.6 + 1.8 mg/dL, P < .001); and the mean SUA level of diabetic patients
with ecNOS ab/aa genotypes was lower than that of patients with bb genotype (5.7 + 1.6 mg/dL v6.2 = 1.8 mg/dL, P = .008).
When subgrouped by gender, the SUA of female diabetic subjects was found to be significantly associated with ecNOS
genotype. Using Pearson’s correlation analysis and multiple linear regression analysis, ecNOS genotype was noticed to be an
independent factor in contributing to SUA variability in female diabetic patients. Our results suggest that SUA levels may be

associated with NO activity and can be genetically predetermined.

© 2003 Elsevier Inc. All rights reserved.

HE ROLE OF serum uric acid (SUA) as an independent
risk factor of cardiovascular disease has been cause for
debate for nearly 50 years. However, recent medical reports
present ever increasing evidence that supports the theory.1.2
Even though precise mechanisms remain uncertain, atered
SUA levels are associated with metabolic derangement (ie,
hypertension, insulin resistance, dyslipidemia, obesity, aging,
renal disease, and menopause),37 suggesting an epiphenome-
non, or a regulation mechanism of uric acid production. Inter-
estingly, almost all of the factors correlated to increased SUA
levels have been shown to either reduce vascular nitric oxide
(NO) production and/or increase NO destruction.8
Researchers generally agree that vascular NO activity may
possibly affect enzymes involved in uric acid metabolism.s-11
Yet, vascular NO activity may be regulated by xanthine oxi-
dase, the rate-limiting enzyme of uric acid production,!2
through the generation of superoxide anion radicle (O,7).
Recently, Mazzali et al reported increased blood pressure read-
ingsin rats whose uric acid levels had been altered by means of
a crystal-independent mechanism, and with the stimulation of
renin-angiotensin system and the inhibition of neuronal NO
synthase.13 Other studies have reported a close circadian rela
tionship of SUA and NO in healthy male subjects,1* and the
close link between SUA and vascular NO activity in individ-
uals with cardiovascular disease.’> These facts suggest a close
relationship between SUA levels and NO activity. Moreover,
studies also indicate that serum NO activity may be genetically
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linked to endothelial constitutive nitric oxide synthase gene
(ecNOS) polymorphism.1¢ This report tests the hypothesis that
SUA is genetically predetermined by ecNOS genotypes, and
that it is specificaly linked to ecNOS gene intron 4 polymor-
phism.

MATERIALS AND METHODS
Subjects

The target study group included 800 outpatients diagnosed with type
2 diabetes who regularly attended the Diabetic Clinic of Pingtung
Christian Hospital from February 1998 to December 2001; diagnosis
was based on World Health Organization (WHO) criterial” Three
hundred ninety-eighty subjects showing no clinical signs of diabetes
were randomly recruited to participate as control group subjects. The
definition of nondiabetic is subjects who have fasting plasma glucose
level lower than 126 mg/dL and no family history (including parents,
siblings, and children) of type 2 diabetes. All participants provided
comprehensive medical history, including smoking behavior; all were
of Han Chinese ethnic origins without any known ancestors of other
ethnic backgrounds, and al lived within the same geographic region at
the time of study.® This study was approved by the human research
ethics committee of our hospital, and informed consent was obtained
from each patient.

All patients underwent complete physical examinations and routine
biochemical analyses of blood and urine, as well as an assessment for
the presence and extent of macrovascular or microvascular diabetic
complications. The anthropometric parameters required to calculate
body mass index (BMI) and waist-to-hip ratio (WHR) were measured.
Seated blood pressure, plasma biochemical parameters, and urinary
microalbumin were measured after overnight fasting. Plasma triglyc-
erides, total, low-density lipoprotein (LDL)- and high-density lipopro-
tein (HDL)-cholesterol, uric acid, creatinine, and glucose were deter-
mined by standard commercial methods on a parallel-multichannel
analyzer (Hitachi 7170A, Tokyo, Japan). Urinary albumin concentra-
tions were measured by immunoturbidmetry (Beckman Instruments,
Gaway, Ireland). Persons showing urinary tract infection, urolithiasis,
and other renal disorders, and those taking alopurinol, diuretics, or
angiotensin |l type 1 receptor antagonist were excluded from the
control group.
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Endothelial Nitric Oxide Synthase Gene Polymorphism

Genomic DNA was prepared from peripheral blood using standard
techniques. A 27-bp repeat sequence in intron 4 of ecNOS gene was
determined by polymerase chain reaction (PCR) analysis using primers
and protocol detailed by Wang et a.2® PCR reactions were performed
in avolume of 25 pL containing 200 ng of DNA, 1.5 mmol/L MgCl,,
200 wmol/L dinucleotide triphosphates mix, 1 wmol of each primer,
and 0.8 U Amplitag polymerase (Takara, Shiga, Japan) in a buffer
supplied by the manufacturer. After denaturation at 94°C for 10 min-
utes, PCR temperature cycling (at 94°C for 40 seconds, 64°C for 40
seconds, and 72°C for 50 seconds) was repeated for 40 cycles followed
by extension at 72°C for 5 minutes. The primers used were 5'-AGGC-
CCTATGGTAGTGCCTTT-3' and 5-TCTCTTAGTGCTGTGGT-
CAC-3'. The PCR product was directly separated by electrophorersisin
5% nondenaturing polyacrylamide gel and visualized in UV light after
ethidium bromide staining for 30 minutes.

Satistical Analysis

Data are presented as the mean = SD. Statistical analysis was
calculated using the Statistical Package for Social Science software
(SPSS for Windows, version 7.5.1, 1996, SPSS Inc, Chicago IL);
differences in genotype distribution and alele frequencies among the
group members were assessed according to Pearson chi-square test.
Due to the limited number of individuals possessing the aa genotype,
tests to determine relevance between subjects with and without the a
variant (bb v ba and aa) were made. Prior to statistical analysis, fasting
level plasma glucose and serum triglycerides were logarithmically
transformed to achieve normal distribution. One-way analysis of vari-
ance (ANOVA) was used for testing the differences of 3 ecNOS
genotypes and by post hoc analysis using Dunnett's 2-tailed test;
unpaired t test was used to compared the differences between patients
with different alleles (with or without aallele). Correlation analysiswas
made using Pearson’ s correlation coefficients. A multiple linear regres-
sion model was used to study the relationship of SUA and to assess the
influence of independent variables (ie, sex, age, diabetes duration,
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hemoglobin A, [HbA,], serum total cholesterol, serum LDL-choles-
terol, serum HDL-cholesterol, triglycerides, BMI, WHR, ecNOS ge-
notypes, and presence of hypertension or albuminuria). Appropriate-
ness of regression models was judged using the Durbin-Watson statistic
and partial plots of the residuals. Differences with a P value less than
.05 were considered significant and relevant to statistical interpretation.

RESULTS

Table 1 presents the clinical characteristics of the study
subjects. Compared to the control group, diabetic patients ex-
hibit significantly higher levels of BMI, WHR, fasting level
plasma glucose, blood pressure, total cholesterol, and triglyc-
erides, and lower levels of HDL-cholesterol and uric acid.

The ecNOS 27-bp repeat polymorphism of intron 4 distri-
butions within the study groups are presented in Tables 1 and
2. The genotype frequency distributions of this polymorphism
were in Hardy-Weinberg equilibrium in the study groups.
There were no differences in ecNOS genotype distribution and
alele frequency between patients with type 2 diabetes mellitus
and control subjects. Table 1 shows the clinical biochemical
variables and anthropometric parameters of different ecNOS
genotypes within the study groups. Diabetic subjects with the
ecNOS a dlele had a significantly lower SUA level (bb: ab/
aa= 62+ 1.8mg/dL v5.7 + 1.6 mg/dL, P = .008), while
there were no significant differences in other variables in dia-
betic subjects with different ecNOS genotypes. There was a
marginal statistical significance (P = .052) between the uric
acid levels of subjects with or without ecNOS a allele in the
whole population studied. No statistically significant differ-
ences were found in the variables between the control subjects
with different ecNOS genotypes (Table 1).

When subgrouped by gender, data concerning female dia-
betics showed significant links between ecNOS genotypes and

Table 1. Clinical Characteristics of Control Subjects and Patients With Type 2 Diabetes With Different ecNOS Genotypes

Nondiabetic Subjects Type 2 Diabetic Subjects All Subjects P Value
DM v Type 2 DM All Subjects

Parameter Total bb ab/aa Total bb ab/aa Total bb ab/aa Control bb vab/aa bb vab/aa
No. 398 340 571 800 674 11214 1,198 1,014 169/15 .089
Age (yr) 61.8 125 61.4 =127 64.0+11.0 61.7 £10.7 61.7 = 10.5662.8 + 9.9 61.7 =112 61.6 £ 11.3 63.1 = 10.2 .96 292 11
Gender (M/F) 283/115 243/87 40/18 365/435 309/365 56/70 648/550 552/452 96/88
BMI 246 =37 247 *+38 243*33 254+36 254+35 255+35 252+37 252*36 252=*38 <.001 .819 .376
WHR 0.93 £ 0.07 0.93 + 0.07 0.93 = 0.07 0.96 = 0.07 0.96 = 0.07 0.95 = 0.07 0.96 + 0.07 0.96 = 0.07 0.95 = 0.07 <.001 .166 .222
Fasting glucose

(mg/dL) 99 + 12 99 + 13 101 =12 185 *= 69 18570 184 =77 164 = 70 165 = 70 162 =75 <.001 .993 .599
Systolic BP

(mm Hg) 138 £ 19 138 =19 137 =20 143 = 21 142 +21 144+20 141 %20 141 = 20 142 + 20 <.001 .377 .489
Diastolic BP

(mm Hg) 83+ 12 83 12 81 £12 87 =13 87 =13 87 =13 86 =13 86 £ 13 86 = 13 <.001 .755 .928
Total

cholesterol

(mg/dL) 194 + 40 196 = 41 185 + 36 200 = 44 198 £ 42 200 = 42 198 + 43 197 * 42 195 * 41 .044 .566 .65
Triglyceride

(mg/dL) 139 + 90 142 = 94 120 + 59 177 =144 169 =133 191 =167 167 =133 160 =122 169 * 147 <.001 .115 .389
HDL-cholesterol

(mg/dL) 46 = 13 46 = 13 47 =11 44 =19 44 + 20 45 + 15 46 = 15 45 + 16 46 = 12 .009 .687 478
LDL-cholesterol

(mg/dL) 122 £ 35 123 £ 35 112 = 32 122 = 35 121 £33 125+ 32 122 + 35 122 = 34 121 £33 .754 .289 .908
Creatinine

(mg/dL) 1.2+04 1.2+04 1.2x03 1.2+0.7 1.2+08 1.1x05 1207 1.2+0.7 1105 .762 401 .526
Uric acid

(mg/dL) 66+18 66+18 68+x13 61*x18 62+x18 57*x16 62+18 63*18 6.0=*x16 <.001 .008 .052

NOTE. Data are expressed as means = SD. Comparisons were performed by unpaired t test or chi-square test.
Abbreviations: DM, diabetes mellitus; BMI, body mass index; WHR, waist-to-hip ratio; BP, blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein



Table 2. Clinical Characteristics of Subjects With Type 2 Diabetes With Different ecNOS Genotypes

All Female Male

Parameter Total bb ab aa P-1*  P-2t Total bb ab aa P-1*  P-2t Total bb ab aa P-1* P2t
No. 800 674 112 14 435 365 62 8 365 309 50 6
Age (yr) 61.7 +10.7 61.7 =105 60.1*+9.7 68.6=*11.0 .02 NS 622=*=10 61.9 = 10 63.3+9.6 724*99 .006 NS 61.4+109 615*11.1 605+93 63.7*x11.2 NS NS
BMI 254 = 3.6 254 =35 254 3.4 259 3.9 NS NS 25.8=*3.8 259 = 3.8 252 =37 27.2 £ 3.6 NS NS 25.0 3.0 249+ 29 25.8 = 3.0 23.8 +3.8 NS NS
WHR 0.96 = 0.07 0.96 =0.07 0.96 =0.07 0.95+0.056 NS NS 0.97 £0.07 0.97 £0.07 0.96 =0.08 0.93+0.056 NS NS 0.95+0.06 0.96+0.06 0.94*0.05 0.97+0.056 NS NS
Age of DM

onset (yr) 525+ 109 52.1+109 54.1+10.2 546=*13.6 NS NS 52.6 =10.6 52.1*+105 544 =100 588+ 138 NS .04 523*11.2 521*+113 53.8*=106 49.0+ 124 NS NS
Known diabetes

duration (yr) 7.1+65 7.2 +6.6 6.6 + 6.3 7.1+58 NS NS 73+68 7.4 +6.8 7.0+7.0 6.8 +6.7 NS NS 6.9 + 6.1 7.0 £6.2 .8+5.0 7.7 £5.0 NS NS
HbA ;¢ (%) 84 +22 8.4 +22 8.4 +22 8.4+ 2.0 NS NS 8.6 = 2.2 8.6 = 2.2 8.7 *+22 75*1.6 NS NS 8.2+22 82=*23 8.1 = 2.1 9.7+18 NS NS
Fasting glucose

(mg/dL) 185 = 69 185 = 70 184 + 78 185 + 78 NS NS 185+ 68 185 = 67 190 =72 162 + 81 NS NS 184 + 74 184 =72 177 = 83 218 = 69 NS NS
Systolic BP

(mm Hg) 143 = 21 142 =21 144 + 21 144 + 15 NS NS 144 =22 144 + 22 146 = 22 143 + 20 NS NS 140 + 20 140 = 20 140 =19 146 = 8 NS NS
Diastolic BP

(mm Hg) 87 + 13 87 +13 88 + 13 86 + 13 NS NS 88 + 13 88 + 13 88 + 14 85 + 12 NS NS 87 13 86 = 13 87 + 12 89 + 15 NS NS
Total cholesterol

(mg/dL) 200 * 44 198 + 42 199 + 43 206 * 41 NS NS 202 =42 202 * 42 202 *+ 42 201 * 40 NS NS 193 + 43 192 + 42 195 = 44 213 = 44 NS NS
Triglyceride

(mg/dL) 177 =144 169 =133 187 =142 232+308 NS NS 164 +104 161 =98 187 £ 137 143 x77 NS NS 183 + 171 179 £ 164 183 =149 350 =457 NS NS
HDL-cholesterol

(mg/dL) 46 = 13 46 =13 46 = 11 49 = 11 NS NS 50 = 14 50 = 14 48 + 12 51 £ 13 NS NS 42 =11 41 =1 45 =10 46 =7 NS NS
LDL-cholesterol

(mg/dL) 122+ 35 121 =33 124 + 32 126 + 33 NS NS 125+34 124 = 34 126 + 32 135 + 39 NS NS 118 + 32 117 £ 32 121 =33 113 £ 20 NS NS
Creatinine

(mg/dL) 1.2x07 1.2x08 1105 1103 NS NS 1.1+08 1.1+£09 1.0x05 1.0x0.4 NS NS 1307 1.3+0.8 1.2x04 1.1x0.2 NS NS
Uric acid

(mg/dL) 6.1+1.8 6.2 +1.8 59+ 1.7 52+15 .044 .008 5.7 £1.7 58+ 1.8 54+15 46*15 .041 .02 6.5+ 1.7 6.6 £ 1.7 6.3 1.7 59*1.0 NS NS

NOTE. Data are expressed as means = SD. Comparisons were performed by ANOVA for continuous variables or chi-square test for categorical variables.

Abbreviation: NS, not significant.
*bb v aa group by ANOVA and post hoc analysis by Dunnett 2 tailed test.
tbb v ab/aa group by unpaired t test.

osvlL

v 13 337



ECNOS GENE POLYMORPHISM AND SERUM URIC ACID LEVEL

B male
0O female
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Fig 1. SUA levels in patients with type 2 diabetes. SUA levels
were significantly lower in female patients with the aa genotype
when compared to subjects with the bb genotype.

SUA (Fig 1 and Table 2). SUA levels for diabetic subjects
exhibited univariate multicollinearity with severa biochemical
and physical factors (Table 3). In addition to age, gender, and
BMI, SUA was closely correlated with serum creatinine, HDL -
cholesterol, diastolic and systolic blood pressure, total choles-
terol, known diabetic duration, triglycerides, and LDL-choles-
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terol. According to multiple linear stepwise regression analysis,
the ecNOS genotype continued to remain a significant factor
(P = .005; 95% confidence interval [Cl], —.643~—.115) with
7 variables present in patients with type 2 diabetes. In diabetic
females, ecNOS genotype was found to be an independent
contributing factor to SUA levels (P = .003; 95% ClI,
—.873~—.186); this was not the case for male subjects. SUA
levelsin female control subjects did not differ statistically from
that of male counterparts (6.4 = 1.6 mg/dL v 6.7 = 1.8 mg/dL,
P > .05). An association between the ecNOS genotypes and
SUA levels in femae control subjects could not be made
(results not shown).

DISCUSSION

Results show that SUA levels correlated with a 27-bp repeat
polymorphismin intron 4 of the ecNOS gene in femal e subjects
with type 2 diabetes. To the best of our knowledge, this is the
first report to demonstrate that SUA levels may be genetically
predetermined by ecNOS gene polymorphism. NO is known to
interact with both the flavin prosthetic site and the molybdenum
ion at the active site of xanthine oxidase, thereby interfering
with its activity or the production of a desulfo-type inactive
enzyme.1° Subjects with the ecNOS intron 4 aa genotype were
reported to have higher vascular NO activity,16 thus suppress-
ing uric acid production through the inhibition of xanthine
oxidase. These facts may explain the relationship between SUA
levels and ecNOS gene polymorphism as presented in this
study.

SUA level is influenced by many factors, including food,
aging, menopause, gender, obesity, dyslipidemia, insulin resis-
tance state, blood pressure, rena function, sedentary lifestyle,
and the intake of alcohol, diuretics, and/or drugs for hyperten-

Table 3. Correlation of Serum Uric Acid Level With Clinical Characteristics in Patients With Type 2 Diabetes

All (N = 800) Female (n = 435) Male (n = 365)
P P P P P P
Variable Coefficient Value* Valuet 95% CI Coefficient Value* Valuet 95% ClI Coefficient Value* Valuet 95% ClI

Creatinine 0.103 .001 <.001 1.197~1.721 0.28 <.001 <.001 1.224~1.921 0.373 <.001 <.001 .929~1.734
BMI 0.136 <.001 <.001 .041~.110 0.182 <.001 <.001 .032~.114 0.16 .001 <.001 .054~.173
HDL-cholesterol -0.213 <.001 <.001 -.028~-.009 -0.160 <.001 —0.153 .002
Diastolic BP 0.090 .005 <.001 .007~.025 0.113 .010 .001 .008~.032 0.091 .055
Gender —-0.202 <.001 .004 -.622~-.119 — — — —
ecNOS

genotype —0.092 .01 .005 -.643~-.115 —0.127 .009 .003 -.873~-.186 —0.077 .162
Total

cholesterol 0.042 .189 .015 .001~-.007 0.022 611 0.132 .005 .028 .001~.009
HbA, ¢ -0.134 <.001 .031 -.114~-.005 —0.082 .063 —0.158 .001
Age 0.103 .001 0.136 .002 0.103 .027
WHR 0.045 .184 0.055 .232 0.095 .061
Known diabetes

duration 0.139 <.001 0.126 .005 0.165 .001
Age of DM

onset —0.027 420 0.011 .815 —0.048 .363
Systolic BP 0.159 <.001 0.171 <.001 0.202 <.001
Triglycerides 0.133 <.001 0.152 <.001 .004 .001~.004 0.099 .033
LDL-cholesterol -0.213 <.001 —0.029 .523 0.147 .003
Fasting glucose —0.019 .558 0.023 .593 —0.054 .253

*By Pearson’s ccorrelation test.
tBy multiple linear stepwise correlation test.
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sion.3720 Almost al of these factors were associated with
increased SUA levels. Interestingly, these same factors have
been shown to either reduce NO production and/or increase NO
destruction.8 Many were characterized in the present study;
however, results measured by multiple linear regression anal-
ysis indicate that the ecNOS intron 4 genotype acts as an
independent contributor to SUA levels (Table 3). Even though
the influence of the ecNOS genotype SUA variability measured
only 2% (P = .003), we maintain the opinion that physiologic
or pathophysiological associations are still implied.

The recognition of SUA as a risk factor in cardiovascular
disease has been debated for nearly 50 years. Virtually all
studies have shown that higher uric acid levels are associated
with increased cardiovascular risk,2 and an elevated SUA
level has been found to be a strong predictor of cerebrovascular
disease.21.22 Furthermore, the association between SUA levels
and cardiovascular diseases in patients with type 2 diabetes has
also been noted.223 The observed association between uric acid
levels and cardiovascular disease may represent an epiphenom-
enona, reflecting the complex interaction between uric acid and
other risk factors. Recently, several plausible explanations for
the mechanism whereby uric acid directly affects atherosclero-
sis and/or on the clinical course of cardiovascular disease have
been presented. Maxwell and Bruinsmals reported that SUA
level was second only to age in correlation with flow-mediated
brachial artery vasodilation (FMV), accounting for 7% of the
variability in FMV; SUA levels and FMV were related to the
degree of cardiovascular disease. They concluded that the as-
sociation of elevated SUA with cardiovascular disease may be
a consequence of impaired vascular NO activity. Additionally,
aclose circadian relationship between SUA and serum NO was
reported in healthy males.14 Taken together with the role that
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vascular NO activity playsin the progression of cardiovascular
diseases,2* the current results support the hypothesis that SUA
isregulated by NO activity and may explain the mechanism for
SUA levels as factors in cardiovascular diseases.

SUA in patients with type 2 diabetes has been reported to be
lower, normal, or higher than in control subjects.2527 In gen-
eral, decreased SUA was observed in these patients and ele-
vated SUA could be associated with impaired rena function,
severe obesity, elevated blood pressure, dydipidemia, male
gender, and poor glycemic control.28 The mean SUA level of
female diabetic subjects (5.7 = 1.7 mg/dL) was lower when
compared to the overall control group (6.6 * 1.8 mg/dL),
control female subjects (6.4 += 1.6 mg/dL), and male diabetic
patients (6.5 = 1.7 mg/dL). In fact, female diabetic patients
showed the lowest SUA levels, demonstrating a significant
correlation between SUA and ecNOS genotypes as observed in
these subjects only. This implies that in subjects with a ten-
dency for low SUA, NO may have had a regulatory effect on
the generation of SUA. In those with a tendency towards
elevated SUA, such as male subjects, affects of NO on uric acid
production may have been countered and therefore statistical
significance was lost.

In conclusion, this report reveals that SUA levelsin female
diabetic patients are associated with the ecNOS intron 4 poly-
morphism, and supports the theory that NO has a regulatory
effect on uric acid production.
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