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Abstract

Background—G-protein β3 subunit (GNB3) gene C825T and endothelial nitric oxide (eNOS) 

gene G894T polymorphisms both influence arterial structure and function. However, information 

is scant regarding the interaction of these genes on arterial wall thickness.

Methods—This aspect was examined in 654 white and black subjects, aged 25–43 years (72.9% 

white, 39.3% male). Arterial wall thickness was assessed in terms of the average intima-media 

thickness (IMT) of common carotid, internal carotid, and carotid bulb segments by B-mode 

ultrasonography.

Results—Frequencies of T allele of the GNB3 C825T polymorphism (0.718 vs. 0.304, P < 

0.0001) and G allele of the eNOS G894T polymorphism (0.868 vs. 0.661, P < 0.0001) were higher 

in blacks compared to whites. In a multivariate model including gender, age, mean arterial 

pressure, body mass index, triglycerides/HDL cholesterol ratio, insulin resistance index, smoking, 

and/or race, there was no significant genotypic effect on carotid IMT with respect to GNB3 C825T 

or eNOS G894T polymorphisms among whites, blacks, and total sample. However, the carriers of 

TT genotype of the GNB3 C825T and T allele of the eNOS G894T had a significantly lower 

carotid IMT among blacks (P = 0.003) and the total sample (P = 0.006).

Conclusion—These results indicate that the genetic variations of the eNOS gene in combination 

with the GNB3 gene jointly influence carotid artery wall thickening process in young adults, 

especially in blacks.
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Alterations in arterial wall structure measured in terms of carotid intima-media thickness 

(IMT) has been increasingly recognized as a strong predictor of subsequent cardiovascular 

(CV) morbidity and mortality.1,2 Although carotid IMT is adversely associated with CV 

disease risk factors and their clustering,3–5 much of the variability is unexplained. Recent 

studies have suggested that variation in carotid IMT may be in part explained by genetic 

factors.6,7 Heritability of carotid IMT measures has been estimated to be 0.92 and 0.86 for 

common carotid and internal carotid segments, respectively.6 Information on genetic locus 

(or loci) contributing to the interindividual variability in carotid IMT is beginning to 

emerge.8–10

C825T polymorphism in exon 10 involving a thymidine for a cytosine of the G-protein β3 

subunit (GNB3) gene has been identified.11 G proteins are expressed in all cells of the 

human body, and their pivotal role is to translate signals from the cell surface into a cellular 

response.12 Studies have shown that GNB3 C825T polymorphism adversely relates to CV 

risk factors, type 2 diabetes and carotid atherosclerosis.13–15 G894T polymorphism of the 

eNOS gene within exon 7 showed a transversion of G to T at nucleotide position 894 

(G894T) resulting in a change of Glu298 to Asp298.16 Studies have found that eNOS gene 

G894T polymorphism was associated with carotid IMT.17–19 However, there is a paucity of 

information regarding the interaction effect of GNB3 C825T and eNOS G894T 

polymorphisms on carotid IMT, independent of blood pressure, in healthy young adults. As 

part of Bogalusa Heart Study, a community-based study of the early natural history of CV 

disease,20 this study investigates both the independent and joint effect of these two gene 

polymorphisms on carotid IMT, after controlling for CV risk factors including blood 

pressure.

METHODS

Study population

During the 2001–2002 survey of black and white young adults, aged 25–45 years (n = 1,203; 

70% white), ultrasonography of carotid artery along with measurements of CV risk factor 

variables was performed. Of these, 654 participants (72.9% white, 39.3% male; mean age 

36.7 years) who had genotype data of GNB3 C825T and eNOS G894T polymorphisms were 

included in this study. Tulane University Medical Center Institutional Review Board 

approved the Study. Informed consent was obtained from all participants.

General examination

Standardized techniques and protocols were used by trained field observers. Replicate 

measurements of height and weight were made twice and the mean values were used to 

calculate body mass index (BMI = weight in kilograms divided by the square of height in 

meters) as a measure of overall adiposity. Systolic and diastolic blood pressures were 

measured using a mercury sphygmomanometer three times by each of two randomly 

assigned observers on the right arm of participants in a relaxed, sitting position; the average 

value of the six blood pressure readings was used in the analyses. Mean arterial pressure was 

calculated as diastolic blood pressure plus one third of pulse pressure. Information on 

smoking status was obtained using a health habit questionnaires. Those who smoked at least 
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one cigarette per week during the past 1 year were identified as current smokers. Participants 

were excluded if they were on antihypertensive medication.

Laboratory analysis

Serum total cholesterol and triglycerides were assayed on fasting samples using an 

enzymatic procedure on the Hitachi 902 Automatic Analyzer (Roche Diagnostics, 

Indianapolis, IN). Serum lipoprotein cholesterol levels were analyzed using a combination 

of heparin-calcium precipitation and agar-agarose gel electrophoresis procedures.21 The 

laboratory is being monitored for precision and accuracy of lipid measurements by the 

surveillance program of the Center for the Disease Control and Prevention (Atlanta, GA). A 

commercial radioimmunoassay kit was used for measuring plasma immunoreactive insulin 

levels (Pharmacia Diagnostics, Piscataway, NJ). Plasma glucose levels were measured by a 

glucose oxidase method as part of multiple chemistry profile (SMA20, Laboratory 

Corporation of America, Burlington, NC). Homeostasis model assessment of insulin 

resistance (HOMA-IR) was calculated based on the following formula: HOMA-IR = fasting 

insulin (µU/ml) × fasting glucose (mmol/l)/22.5. This model is considered useful to assess 

insulin resistance in epidemiologic studies.22

Genotyping for the G894T polymorphism

Genotyping of the eNOS G894T polymorphism was carried out using the Taqman assay. 

The sequences of the forward and reverse PCR primers were 5′-

CCCCACAGCTCTGCATTCA-3′ and 5′-CACCCAGTCAATCCCTTTGG-3′, respectively. 

Allele-specific fluorogenic probes, labeled with different reporter dyes, were designed to 

hybridize to the target DNA in a sequence-specific manner. In this case, the two allele-

specific probes were 6FAM-CCCCAGATGATCCCCCAGAACTC and VIC-

CCCCAGATGAGCCCCCAGAAC. After PCR amplification, the increase in fluorescent 

intensity of the reporter dyes was detected by an end-point read using an ABI 7700 (Applied 

Biosystems, Foster City, CA). Analysis of the fluorescent signals lead to an automated 

genotype determination. Genotyping of the GNB3 C825T variant was performed using same 

method. An 80-bp product was amplified using 0.9 µmol/l each of the forward primer 5′-

TCCCACGAGCATCATCTG-3′ and the reverse primer 5′-

TCGTCGTAGCCAGCGAATAGT-3′, 0.2 µmol/leach of the sequence-specific probes 

5′-6FAM-CATCACGTCCGTGGCCTTCTCC-TAMRA-3′ and 5′-VIC-

CATCACGTCTGTGGCCTT CTCCCT-TAMRA-3′, 1 × TaqMan Universal PCR master 

mix containing AmpliTaq Gold DNA polymerase and 3 ng DNA in a 5.5 µl reaction 

volume.23 Based on the analysis of 67 pairs of blind duplicates, there was 100% 

concordance in genotyping.

Carotid ultrasonography

As previously described,4 images of the common carotid, bulb and internal carotid artery 

were recorded bilaterally by a Toshiba ultrasound instrument (Power Vision Toshiba 

SSH-380 ultrasound system, Toshiba America Medical System, Carrollton, TX) and a 7.5 

MHz linear array transducer according to the protocol developed for the Atherosclerosis 

Risk in Communities Study.24 Images recorded on S-VHS tapes were read by certified 
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readers at Wake Forest University School of Medicine using a semi-automatic ultrasound 

image processing program developed by the California Institute of Technology and Jet 

Propulsion Laboratory.24,25 The mean of the maximum common carotid, bulb and internal 

carotid IMT readings of three right and three left far walls was used. If bilateral images 

could not be obtained, one side was used in the calculation. The percentages of only one side 

vales available were 2.1, 9.3, and 15.2% for common carotid, carotid bulb and internal 

carotid, respectively. Carotid IMT was defined as the average of the three segmental carotid 

IMT measurements.

Statistical analyses

All analyses were conducted using SAS software, version 9.1 (SAS institute, Cary, NC). 

Differences in mean values of risk factor variables and composite carotid IMT between 

race–sex and genotype subgroups were tested using a general linear model. Hardy–

Weinberg equilibrium and racial differences in genotype distributions and allele frequencies 

were tested using a χ2-test. Due to lower frequencies of C825 and T894 alleles among black 

individuals that generated an even smaller number of individuals when using the 

combination of the two genes, the genotypes of CC and CT for GNB3 and TT and GT for 

eNOS were combined for analyses. Multivariable regression models were applied to 

examine the genotype effect on carotid IMT, adjusting for covariates. Triglycerides/HDL 

cholesterol ratio and HOMA-IR levels were log-transformed in order to improve normality 

for regression analyses.

RESULTS

Mean levels of CV risk variables and composite carotid IMT in the study cohort are 

presented in Table 1 by race and gender. Blacks vs. whites had significantly higher mean 

arterial pressure and lower triglycerides/HDL cholesterol ratio; black females vs. white 

females higher BMI and HOMA-IR. Males vs. females were significantly older and 

displayed higher mean arterial pressure and triglycerides/HDL cholesterol ratio. Significant 

race (black > white) and sex (male > female) differences were noted.

The genotype and allele frequencies of GNB3 C825T and eNOS G894T polymorphisms by 

race are displayed in Table 2. Both genotype distributions and allele frequencies were 

significantly different between races, with blacks showing higher frequencies of T allele of 

GNB3 C825T and lower frequency of the T allele of eNOS G894T than whites. The 

genotype distributions of both genes were in accordance with Hardy–Weinberg equilibrium 

expectations in both races. When both polymorphisms were examined jointly, as shown at 

the bottom of Table 2, the combined genotype distribution was also different between blacks 

and whites (P < 0.001). More blacks than whites had the combination of GNB3 TT genotype 

and eNOS GG genotype (42.4% vs. 5.7%), and less blacks than whites were carriers of both 

C825 and T894 alleles (10.2% vs. 52.2%). The genotypic effect on carotid IMT examined 

using multivariate regression models is presented by race in Table 3. In the total sample with 

blacks and whites combined, sex, age, mean arterial pressure and cigarette smoking were 

significantly associated with carotid IMT. The genotype effect on carotid IMT was not 

significant in both races and the total sample after adjusting for covariates.
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Figure 1 shows the interaction effect of eNOS T894 and GNB3 C825 alleles on carotid IMT 

by race. Among blacks, carriers of GNB3 T825/T825 genotype who also had at least one 

eNOS T894 allele (T894/T894 and G894/T894) showed lower carotid IMT than carriers of 

GNB3 T825/T825 genotype who had eNOS G894/G894 genotype (P = 0.003). Whites 

showed a similar, but nonsignificant trend (P = 0.32). A significant difference was noted in 

the total sample (P = 0.006) between subgroups with these combined genotypes after 

adjusting for above covariates. Carotid IMT did not differ between carriers and noncarriers 

of the eNOS T894 allele among subjects who had T825/T825 genotype.

DISCUSSION

Studies on combined or the interaction effect of common, functionally relevant genetic 

variants on carotid IMT are beginning to emerge.14,23,26 The current study demonstrates the 

interaction effect of GNB3 C825T and eNOS G894T polymorphisms on carotid IMT in 

young adults. This observation on a community-based cohort is noteworthy in that the 

participants are free of selection bias of studies involving relatively older adults with clinical 

CV morbidity.

This study found a markedly higher frequency of T825 allele of GNB3 gene and lower 

frequency of the T894 allele of eNOS gene in black individuals which are similar to earlier 

studies in black and white populations.13,14,27,28 With respect to combined genotype 

distribution, the observed frequency of the combination of GNB3 T825/T825 and eNOS T 

allele carriers was similar in whites and blacks (4% vs. 9%). However, the observed 

frequency of combined GNB3 T825/T825 and eNOS G894/G894 was greater in blacks and 

the frequency of combined GNB3 C825 carriers and eNOS T894 carriers was greater in 

whites, reflecting the black–white difference on genotype distribution of each variant. No 

corresponding combined genotypes distribution data are available for comparison. More 

population-based studies are needed in this regard.

Although the eNOS G894T genotype was not significantly associated with carotid IMT in 

race groups, the T894 allele was associated with a lower common carotid IMT consistently 

in blacks and whites, with a P value of 0.109 in the total sample. The beneficial effect of this 

variant allele on blood pressure and arterial thickness and stiffness was noted earlier in this 

cohort.19,27,28 Site specific carotid IMT was also noted in previous studies although given 

the parodoxic findings,29 and as such was partly explained by hemodynamic shear stress-

induced NO release that causes a lower carotid IMT in the common carotid IMT.30–32 On 

the other hand, nitric oxide production is genetically influenced, with 30% of phenotypic 

variance due to genes.33 Both exogenous and endogenous eNOS inhibitors, which decrease 

basal nitric oxide synthesis in endothelial cells, lead to an increase in carotid artery IMT and 

arterial stiffness.34,35 It has been suggested that basal nitric oxide synthesis is not only 

important for maintaining vascular tone, but for modulating arterial mechanical properties as 

well.36 In vitro studies have shown that nitric oxide/cyclic guanosine monophosphate (NO/

cGMP) system inhibits vascular smooth cell proliferation, suggesting a potential role of 

nitric oxide in arterial wall thickness.37 But, very little information is available on the 

influence of G894T genotype on NO production and activity. The G894T genotype has been 

found in one study to have no appreciable effect on the eNOS enzyme activity,38 which does 
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not preclude the increase in production rate. With respect to GNB3 gene, the TT genotype 

alone was not associated with carotid IMT in whites, blacks and total sample, although a 

study previously reported the association of T825 allele of GNB3 gene with carotid 

atherosclerosis in European white middle-aged individuals.15

Of interest, this study detected a beneficial effect of T allele of eNOS gene on carotid IMT 

among blacks who had TT genotype of the GNB3 gene. Previously we reported that the 

eNOS T894 allele of gene was associated with lower common carotid IMT in whites and 

combined sample of blacks and white.19 This study observed that the GNB3 genotype 

modulates the association of T allele of eNOS on carotid IMT. The mechanism(s) by which 

the eNOS T894 allele and GNB3 T825/T825 genotype interact to enhance the beneficial 

effect on carotid IMT is not clear. The observational study cannot address this issue. It is 

likely that the polymorphism of GNB3 gene or another linked polymorphism within the 

GNB3 gene may potentiate the expression of the eNOS variant and related IMT-lowering 

effect, as in a reverse direction previously demonstrated the epistatis interaction between 

angiotensin I converting enzyme and angiotensin II type 1 receptor gene on extent of carotid 

IMT.26

It is less likely that the observed gene–gene interaction effect of GNB3 and eNOS on carotid 

IMT were purely due to chance, because a similar trend was noted in whites, blacks and 

total samples, albeit not found to be significant in all cases. Moreover, as mentioned earlier 

the study cohort was an unselected community- based sample, which made the selection bias 

less likely. However, as mentioned earlier, the mechanism underlying the interaction effect 

cannot be addressed by this epidemiological study. Repeated studies are needed to confer 

the finding from this study and to overcome the weakness of genetic association studies.

In conclusion, the allelic variation (C825T) of GNB3 gene is not associated with arterial 

thickness in blacks, whites and total sample. But its combination with eNOS gene G894T 

was associated with lower carotid IMT in blacks and the total sample subjects. These 

findings from a community based, unselected cohort underscore the importance of gene–

gene interactions in the assessment of genetic influences on complex traits such as 

atherosclerosis.
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Figure 1. 
The interaction effect of endothelial nitric oxide (eNOS) T894 and G-protein β3 subunit 

(GNB3) C825 alleles on carotid intima-media thickness (IMT) by race: The Bogalusa Heart 

Study. P values were adjusted for gender, age, mean arterial pressure, body mass index, 

triglycerides/high-density lipoprotein cholesterol ratio, homeostasis model assessment of 

insulin resistance, smoking and/or race.
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Table 2

Genotype and allele frequency of GNB3 C825T and eNOS G894T polymorphisms

White (n = 477) Black (n = 177)

Count (%) Count (%)

GNB3 gene

  Genotype*

    C825/C825 235 (49.3) 14 (7.9)

    C825/t825 194 (40.7) 72 (40.7)

    T825/t825 48 (10.1) 91 (51.4)

  Allele*

    C 664 (69.6) 100 (28.2)

    T 290 (30.4) 254 (71.8)

eNOS gene

  Genotype*

    G894/g894 207 (43.4) 143 (80.8)

    G894/t894 217 (45.5) 32 (18.1)

    T894/t894 53 (11.1) 2 (1.1)

  Allele*

    G 631 (66.1) 318 (89.8)

    T 323 (33.9) 36 (10.2)

GNB3 + eNOS *

  T825/T825 + G894/G894 27 (5.7) 75 (42.4)

  T825/T825 + T894 carriers 21 (4.4) 16 (9.0)

  C825 carriers + G894/G894 180 (37.7) 68 (38.4)

  C825 carriers + T894 carriers 249 (52.2) 18 (10.2)

C825 carriers = C825/C825 + C825/T825; T894 carriers = T894/T894 + G894/T894.

*
Race difference: P < 0.0001.
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