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ABSTRACT. We explored the interaction of 6 candidate genetic
mutations in essential hypertension (EH). The mutations AGT
M235T, ACE I/D, eNOS Glu298Asp, ET-2 A985G, ANP T2238C,
and NPRC A-55C were detected using a genechip microarray in 100
patients with EH and 97 controls from the Han population living in the
Yunnan Province of China. Risks of EH were evaluated with respect
to a combination of these genotypes. Interactions were analyzed using
multifactor dimensionality reduction (MDR). P values were corrected
using Bonferroni’s adjustment. Results showed that CC genotype
frequencies for NPRC A-55C (0.540) in EH were significantly higher
than those in controls (0.237, P_ < 0.01; odds ratio (OR) = 3.777; 95%
confidence interval (CI) = 2.050-6.960). The OR for NPRC A-55C
CC combined with ET-2 A985G GG increased to 4.673 and to 5.529
when the MT genotype of AGT M235T, the EE genotype of eNOS
Glu298Asp, the GG genotype of ET-2 A985G, and the CC genotype
of NPRC A-55C were combined. MDR showed that ET-2/NPRC is the
best model (OR = 4.002; 95%CI = 2.1597-7.4159). The CC genotype
for NPRC A-55C and the G allele for ET-2 A985G were associated with
susceptibility to EH. Although the contributions of the candidate genes
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differ, they may have cooperative effects on conferring risk for EH.
Moreover, potential gene-gene interactions were found between ET-2
A985G and NPRC A-55C in EH.
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Genechip microarray; Gene-gene interaction

INTRODUCTION

Essential hypertension (EH) is one of the most common diseases of human being, and
also is an important cause for the myocardial infarction, cerebral apoplexy, and some serious
nephropathy, etc. (Whitworth, 2003). As a complex disorder that threatens against people’s
health, EH has no identifiable cause up to now. Data from the study of animal models, human
twins, and family disease histories indicated that 30-60% variation of the blood pressure de-
rives from genetic changes (Binder, 2007).

In recent years, there is some important development in the knowledge of EH genetic
etiology, but not as clear as about the monogenic inheritant hypertension. A large quantity of
research by one-dimensional genome-wide scanning has been performed, and almost every
chromosome has linked loci related to the blood pressure variability. But meta-analysis on
these papers could not provide the evidence for even suggestive multiple genes of EH (Puddu
etal., 2007). It is popularly believed that EH is the result of interactions of gene-gene or gene-
circumstance. In the exploration of EH genetic etiology, the researches on multigene interac-
tion showed much more significance.

The RAS system, vascular endothelial system, and NP family and its receptors have
a vital role in blood pressure regulation and hypertension pathological mechanism; thus,
the coding gene mutations have been extensively studied. Several scholars worldwide have
studied the correlation between some gene mutations and the changes in blood pressure and
hypertension. The gene mutations included AGT M235T, ACE I/D, eNOS Glu298Asp, ET-2
A985G, ANP T2238C, and NPRC A-55C. However, their results were diverse (Jeunemaitre
et al., 1992, Staessen et al., 1997; Kato et al., 1999; Sarzani et al., 1999; Agerholm-Larsen et
al., 2000; Benjafield and Morris, 2000; Williams et al., 2000; Jachymova et al., 2001; Rossi
et al., 2003; Mondry et al., 2005; Pereira et al., 2007; Periaswamy et al., 2008; Srivastava
et al., 2008). We assume that these related genes may have mutual or synergistic effects on
regulation of blood pressure after gene mutations.

In polygenic diseases, the genes may come into high-order interactions, which could
not be efficiently analyzed by current statistical methods. Traditional parametric statistics such
as logistic regression models or generalized linear models requiring cumbersome process and
large sample sizes may make the type II errors arise, and hardly can explain the result. Fur-
thermore, the genotype and phenotype of polygenic diseases are not linear relationship, the
logistic regression models will increase type I and II errors (Moore, 2003) or have curse of
dimensionality (Moore and Ritchie, 2004). In 2001, Ritchie first proposed multifactor dimen-
sionality reduction (MDR) that was applied to the analysis of gene-gene interactions. MDR is
a nonparametric analytical method, with no need for genetic models and interaction models.
The method does not need a large sample, and fits for the analysis of 2-6-locus interaction,
including case-control or sib pair with different diseases.

Present research, Han people in Yunnan Province were chosen as the study object. Six
candidate gene loci in 3 different system RAS, vascular endothelium and natriuretic peptides
were studied on their gene-gene interactions by the MDR statistical method.
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MATERIAL AND METHODS
Subjects

The patient group included 100 patients who visited our hospital between January
2002 and March 2007 and who were eligible for participation in the study. This study was
conducted in accordance with the Declaration of Helsinki and with approval from the Ethics
Committee of the First People’s Hospital of Kunming. Written informed consent was obtained
from all participants. The control group comprised 97 healthy individuals who underwent
physical examination in our hospital during the same period.

The inclusion criterion for all subjects was as follows: confirmation of Yunnan Han na-
tionality based on paternal and maternal line being of Han nationality for 3 generations who have
resided in Yunnan Province. Further inclusion criteria for the patient group were based on the
2004 China Guideline on Prevention and Management of Hypertension, as follows: at least 3
consecutive systolic blood pressure (SBP) measurements >140 mmHg or diastolic blood pressure
(DBP) measurements >90 mmHg, or receiving antihypertensive pharmacotherapy treatment for
at least 1 year; suffering from hypertension and 30-70 years old; no clinical or laboratory infor-
mation indicating that they had secondary hypertension. The particular inclusion criteria for the
control group were as follows: no blood relationship with other members of the patient group,
and no family history of hypertension; SBP < 140 mmHg or DBP < 90 mmHg; >40 years of age.

The following data were collected from the patient group and the control group: gen-
der, age, body mass index, hypertension history, SBP, DBP, serum total cholesterol (TC), se-
rum triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein
cholesterol (LDL-C), and fasting plasma glucose (FPG).

Detection of genetic polymorphisms

Genetic polymorphisms in 6 candidate gene loci, including AGT M235T (MM, MT,
TT), ACE I/D (II, ID, DD), eNOS Glu298Asp (EE, ED, DD), ET-2 A985G (AA, AG, GQG),
ANP T2238C (TT, TC, CC), and NPRC A-55C (AA, AC, CC), were detected using gene chips
from Shanghai Baio Biotech Co. Ltd. (Shanghai, China).

Statistical analysis

The distribution frequency of the 6 candidate gene loci was calculated by direct count-
ing. Representative samples were judged by comparing the genetic polymorphism frequency
to Hardy-Weinberg equilibrium expectations by using the y?* test. The distributions of genetic
polymorphisms were compared using the y test, and the criterion of significance was a.=0.05.
SPSS13.0 was employed for analysis of enumeration data and measurement data (SPSS, Inc.,
Chicago, IL, USA). The P value was corrected using Bonferroni’s adjustment.

For correlation analysis of the patient and control groups, the relative risk factor was
evaluated using the odds ratio (OR). Susceptibility to hypertension was considered when OR
> 1 and a protective effect was considered when OR < 1.

Polygenic transactional analysis

Polygenic stacking effects were analyzed by using combination modes of multiple
genetic loci. Polygenetic interactions were analyzed by the MDR method using the MDR
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1.10 software. The best combination pattern of the AGT M235T, ACE I/D, eNOS GIu298Asp
(E298D), ET-2 A985G, ANP T2238C, and NPRC A-55C genetic polymorphisms was searched
on the principle that both cross-validation consistency and test balance accuracy were maxi-
mized in order to evaluate the interactions of the 6 genes in relation to hypertension.

RESULTS
Patient and control group characteristics

Characteristics of the 100 patients and 97 healthy controls are listed in Table 1. Differ-
ences in hypertension history, SBP, and DBP between the patient and control groups were highly
significant (P < 0.01), and the differences in HDL-C, LDL-C, and FPG were significant (P <0.05).

Table 1. Characteristics of patients with essential hypertension and healthy controls.

Group Patients (N = 100) Controls (N =97)
Gender (male/female) 48/52 42/55

Age (years) 57.71£9.97 55.05 +10.64
BMI (kg/m?) 23.79.5+£2.99 24.24 +4.50
Hypertension history (years) 7.72+4.73 0.0044

SBP (mmHg) 171.47 +13.01 115.66 + 10.994*
DBP (mmHg) 100.74 + 8.34 73.49 +8.15"
TC (mM) 4.91+0.80 4.83+0.78
TG (mM) 1.78 +£0.93 1.88 +1.35
HDL-C (mM) 1.25+0.29 1.51+0.59*
LDL-C (mM) 2.91+0.73 2.46 £ 0.834
FPG (mM) 5.40+1.78 4.75+0.57%

Data are reported as means = SD. BMI = body mass index; SBP = systolic blood pressure; DBP = diastolic blood
pressure; TC = total cholesterol; TG = total triglycerides; HDL-C = high-density lipoprotein cholesterol; LDL-C =
low-density lipoprotein cholesterol; FPG = fasting plasma glucose. **P < 0.01, *P < 0.05.

Frequency distribution of the genetic polymorphisms

The AGT M235T (MM, MT, TT), ACE I/D (II, ID, DD), eNOS Glu298Asp (EE, ED,
DD), ET-2 A985G (AA, AG, GG), ANP T2238C (TT, TC, CC), and NPRC A-55C (AA, AC,
CC) genetic polymorphisms were analyzed for deviations from Hardy-Weinberg equilibrium
test; the results indicated that the samples were representative of the population (P > 0.05).

Figure 1 shows one of the gene chips reacting with the sample from the control subject
No. 10. Figure 2 shows one of the gene chips reacting with a sample from patient No. 86. The
genotypes of the 6 loci in the two individuals are listed in Table 2. The allele frequency distribu-
tions of the 97 Yunnan Han healthy people and the 100 Yunnan Han EH patients for these 6 loci
are shown in Table 3. The genotype frequency distributions of the 6 loci are listed in Table 4.

Figure 1. Gene chip reacting with a sample from the control subject No. 10.
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Figure 2. Gene chip reacting with a sample from the patient No. 86.

Table 2. Detection in controls and patients by gene chip.

Gene Control Patient
Locus Genotype Locus Genotype

AGT 235 TT 235 TT
ACE Insertion/Deletion 11 Insertion/Deletion DI
eNOS 298 EE 298 EE
ET-2 985 GG 985 GG
ANP 2238 TT 2238 TT
NPRC -55 AC -55 CcCc

Table 3. Allele frequencies (AF) of 6 loci in control and patient groups.

Allele Control (N =194) Patient (N = 200) © P Odds ratio 95%CI
N AF N AF
AGT M235T 1.289 0.2560
M 47 0.242 39 0.195
T 147 0.758 161 0.805
ACE1/D 0.105 0.7460
1 130 0.680 139 0.695
D 64 0.320 61 0.305
eNOS E298D 4.768 0.0290*
E 178 0.918 195 0.975
D 16 0.082 5 0.025
ET-2 A985G 5.507 0.0190*
A 29 0.149 15 0.075
G 165 0.851 185 0.925 2.648 1.073-6.536
ANP T2238C 0.178 0.6730
T 190 0.979 197 0.985
C 4 0.021 3 0.015
NPRC A-55C 10.663 0.0010
A 74 0.381 46 0.230
C 120 0.619 154 0.770 2.064 1.331-3.201
"‘Pc >0.05.
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Table 4. Genotype frequencies (GF) of 6 loci in control and patient groups.

Control (N =97) Patient (N = 100) v P Odds ratio 95%CI
Genotype N GF N GF
ATG M235T 1.429 0.4900
MM 5 0.052 4 0.040
MT 37 0.381 31 0.310
TT 55 0.567 65 0.650
ACE1/D 1.053 0.5910
I 33 0.340 41 0.410
DI 58 0.598 54 0.540
DD 6 0.062 5 0.050
eNOS E298D 8.175 0.017
EE 82 0.845 96 0.960
DE 14 0.144 3 0.030
DD 1 0.011 1 0.010 0.000 0.983
ET-2 A985G 5.907 0.0520
AA 2 0.020 0 0.000
AG 25 0.258 15 0.150
GG 70 0.722 85 0.850
ANP T2238C 0.181 0.6700
TT 93 0.959 97 0.970
CT 4 0.041 3 0.030
cC 0 0.000 0 0.000
NPRC A-55C 18.973 0.0000
AA 0 0.000 0 0.000
AC 74 0.763 46 0.460
cC 23 0.237 54 0.540 3.777 2.050-6.960

Association of genetic polymorphisms with EH

In the patient group, the frequencies of 5 genetic polymorphisms, including AGT
M235 (MM, MT, TT), ACE I/D (I, ID, DD), eNOS Glu298ASP, ET-2 A985G (AA, AG, GQG),
and ANP T2238C (TT, TC, CC), showed no significant difference compared to those of the
control group. However, in the patient group, the CC genotype frequency (0.540) and the C
allele genotype frequency (0.770) of NPRC A-55C were significantly different from those of
the control group (genotype: 0.237; x> = 18.973, P, < 0.01, and allele: 0.619; x> = 10.663, P,
=0.006). The OR for the CC genotype was 3.77 (95%CI = 2.050-6.960), x* = 17.632 and P_ =
0.01 in the M-H test, and the OR for the C allele was 2.064 (95%CI = 1.331-3.021).

Superposition effect analysis for the 6 loci

The superposition effect and interactions were analyzed among the 6 loci: AGT M235T,
ACE I/D, eNOS GIu298ASP, ET-2 A985G, ANP T2238C, and NPRC A-55C. A total of 123
different combinations of the 6 genetic polymorphisms were analyzed, and the combination
genetic frequencies of 2 to 5 loci were significantly different from the control group, as shown
in Table 5. This was because the CT genotype frequencies of the ANP T2238C locus were
extremely low and the CC genotype frequencies were 0 in both the patient and control groups.
There was little effect after the 6 loci were stacked; the CT and CC genotypes of ANP T2238C
are not listed in Table 5. A combination of ET-2 A985G and NPRC A-55C CC increased the OR
to 4.673 from 3.777 obtained for the single-locus NPRC A-55C CC. The combination of 4 loci,
including AGT M235T MT, eNOS Glu298Asp EE, ET-2 A985G GG, and NPRC A-55C CC,
further increased the OR to 5.529. These results indicate that mutations in these 4 candidate loci
had varying impacts on EH pathogenesis, and that the 4 loci had a superposition effect.
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Table 5. Genotype frequencies of 2-5 loci combined in control and patient groups.
AGT ACE eNOS ET-2 ANP NPRC Control [N (%)] Patient [N (%)] b P Odds ratio 95%ClI
Two-way
MT - - - - cc 7(7.2) 20 (20) 6.803  0.009 3214 1.291-8.000
MT - - - - AC 27 (27.8) 11 (11) 8.964  0.003 032 0.149-0.691
TT - - - - cc 13 (13.4) 31 (31) 8791  0.003  2.903 1.411-5.574
- il - GG - - 21 (21.6) 36 (36) 4931 0.026  2.036 1.081-3.832
- 1 - - - cc 10 (10.3) 24 (24) 6.463  0.011 2.747 1.235-6.110
- D - - - cc 13 (13.4) 29 (29) 7.142  0.008  2.639 0.327-1.328
- D - - - AC 45 (46.4) 26 (26) 8.882  0.003  0.406 0.223-0.739
- - EE GG - - 58 (58.0) 79 (79) 8.575  0.003  2.53 1.348-4.747
- - ED - TT - 16 (16.5) 7(7.0) 4305  0.038 0381 0.149-0.972
- - EE - TT - 77 (79.4) 90 (90) 4301 0.038 2338 1.032-5.296
- - ED - - AC 15 (15.5) 4(4.0) 7426 0.006 0228 0.073-0.713
- - EE - - cc 21 (21.6) 51(51) 18291 0 3.767 2.022-7.018
- - EE - - AC 59 (60.8) 42 (42) 7743 0.005  0.448 0.253-0.792
- - EE GG - - 66 (68.0) 81 (81) 4366  0.037  2.002 1.038-3.863
- - - TT cc 22(22.7) 51(51) 16.93 0 3.548 1.916-6.570
- - - - TT AC 71(73.2) 46 (46) 15.1 0 0.312 0.172-0.567
- - - AG - AC 19 (19.6) 9 (9.0) 4527 0.033  0.406 0.174-0.949
- - - GG - cc 16 (16.5) 48 (48) 22283 0 4.673 2.405-9.081
- - - GG - AC 54 (55.7) 37 (37) 6.905  0.009  0.468 0.264-0.827
Three-way
MM - EE GG - - 36 (36) 52(52) 4415 0.036  1.836 1.039-3.242
MT - - - TT cc 7(7.2) 18 (18) 5168  0.023  2.822 1.121-7.102
MT - - - TT AC 27 (27.8) 11 (11) 8.964  0.003 032 0.149-0.691
TT - - - TT cc 13 (13.4) 31 (31) 8791  0.003  2.903 1.411-5.974
- il EE GG - - 19 (19.6) 33(33) 4559 0.033  2.022 1.053-3.881
- il - GG TT - 20 (20.6) 35(35) 5.06 0.024  2.073 1.093-3.935
- 11 - - TT cc 10 (10.3) 23 (23) 5687  0.017  2.599 1.164-5.820
- D - - TT cc 12 (12.4) 27 (27) 6.636  0.01 2.62 1.239-5.538
- D - - TT AC 43 (44.3) 26 (26) 7269 0.007  0.441 0.242-0.804
- - EE GG TT - 55(56.7) 76 (76) 8232 0.004 2418 1.314-4.450
- - ED - TT AC 14 (14.4) 4(4) 6.456  0.011 0.247 0.078-0.780
- - EE - TT cc 20 (20.6) 48 (48) 16332 0 3.554 1.894-6.667
- - EE - TT AC 57 (58.8) 42 (42) 5534 0019  0.508 0.288-0.896
MT D - - - AC 20 (20.6) 6 (6) 9.185  0.002 0246 0.094-0.642
TT D - - - cc 7(7.2) 19 (19) 5968  0.015  3.016 1.205-7.546
- 11 EE - - cC 10 (10.3) 22 (22) 4946  0.026 2454 1.096-5.503
- D EE - - cc 11(11.3) 28 (28) 8.607  0.003  3.04 1.416-6.503
- D EE - - AC 40 (41.2) 22 (22) 8.449  0.004  0.402 0.216-0.749
- - EE GG - cc 15 (15.5) 46 (46) 21478 0 4.657 2.368-9.159
Four-way
- D EE GG - cc 8(8.2) 25 (25) 9.909  0.002  3.708 1.580-8.705
- D EE GG - AC 31(32) 18 (18) 5134 0023 0.467 0.240-0.909
MT EE GG - cc 3(3.1) 15 (15) 8409  0.004 5529 1.547-19.765
TT EE GG - cc 9(9.3) 28 (28) 11314 0.001 3.802 1.686-8.574
MT 11 - GG - cc 2(2.1) 9(9) 4496  0.034  4.698 0.988-22.332
MT DD - GG - AC 15 (15.5) 4(4) 7426 0.006 0228 0.073-0.713
TT D - GG - cc 5(5.2) 17 (17) 6.964  0.008  3.769 1.332-10.666
MT D EE - - AC 18 (18.6) 6 (6) 7257 0.007 028 0.106-0.740
MM D EE - - cc 6(6.2) 18 (18) 6.424 0011 3.329 1.261-8.791
Five-way
MT D EE GG - cc 1(1) 8(8) 5485  0.019  8.348 1.024-68.063
MT D EE GG - AC 13 (13.4) 4(4) 5.52 0.019  0.269 0.085-0.857
TT D EE GG - cC 5(5.2) 17 (17) 6.964  0.008  3.769 1.332-10.666

Analysis of gene-gene interactions with the MDR method

The MDR software was used to analyze the gene-gene interactions between the 6 loci,
including AGT M235T MT, eNOS Glu298Asp EE, ET-2 A985G GG, and NPRC A-55C CC,
in the patient group. Table 6 shows that combinations of 2 of the loci, ET-2/NPRC, 3 of the
loci, ACE/eNOS/NPRC, and 4 of the loci, ACE/eNOS/ET-2/NPRC, were statistically signifi-
cant (P <0.001). However, the 2-locus ET-2/NPRC model showed the largest cross-validation
consistency coefficient at 9 of 10. Hence, the optimum model contained ET-2 A985G and
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NPRC A-55C, indicating that these 2 loci may interact. The OR of the ET-2/NPRC model was
4.002 (95%CI =2.1597-7.4159).

Table 6. Model of gene-gene interaction of the 6 candidate loci and their properties.

Model ET-2/NPRC ACE/eNOS/NPRC ACE/eNOS/ET-2/NPRC
Training accuracy 0.657 0.6718 0.6908
Test accuracy 0.6297 0.6416 0.5967

* 20.3831 24.4024 27.1310
Significance test (P) 10 (0.0010) 10 (0.0010) 10 (0.0010)
Cross-validation consistency 9/10 5/10 5/10
Sensitivity 0.5400 0.5600 0.6700
Specificity 0.7732 0.7835 0.7010
Odds ratio 4.002 4.6061 4.7607
95%CI 2.1597-7.4159 2.4679-8.5967 2.6068-8.6942
DISCUSSION

Recently, numerous studies have been conducted to examine the relationship between
EH and the AGT M235T, ACE 1/D, and eNOS Glu298Asp genetic polymorphisms to under-
stand the genetic contribution to the hypertension pathological mechanism. AGT was the first
and the most thoroughly studied candidate gene for its potential involvement in EH disease.
More than 500 studies have been published regarding correlations of the AGT M235T locus
with EH and other cardiovascular diseases (Rosskopf et al., 2007). In North America, Europe,
Australia, Japan, and China, both positive and negative results have been reported regarding
the relationship between AGT 235T and EH; however, no positive results have been reported in
the Caribbean, USA, and in the African-American population. Numerous meta-analyses have
indicated that the OR of AGT 235T for EH in Caucasians was 1.22-1.60; the absolute effect
was quite limited, and its contribution to blood pressure was less than 1 mmHg. In the present
study, no correlation between AGT 235T and EH in the Yunnan Han population was observed.

Although studies examining the pathological mechanism of EH have demonstrated
that increased ACE activity in plasma may be explained by the presence of the ACE D allele,
the results of several reports evaluating the correlation between the ACE I/D polymorphism
and EH are not consistent. Staessen et al. (1997) conducted the first meta-analysis of this rela-
tionship, including 28 cases, which indicated that DD genotype carriers had a 10% increased
risk for EH after combining the negative results. Further sub-analyses showed that the risk in
females and Asians was statistically significant. Subsequently, Agerholm-Larsen et al. (2000)
conducted a meta-analysis involving 15,942 Caucasians in Germany, and suggested that the
contribution of the DD genotype to blood pressure change was only 0.5 mmHg. In 2005,
Mondry et al. (2005) found no correlation between the ACE I/D polymorphism and EH. In
the current study, neither the single-locus ACE I/D genotype or allele frequency in the patient
group was significantly different from those of the control group. However, 4-locus gene com-
bination analysis showed that the combination of the OR was significantly increased (5.529)
when 4 loci were combined: AGT-MT, eNOS-EE, ET-2-GG, and NPRC-CC. In the analysis
of gene-gene interactions using the MDR method, although ACE I/D on its own was not the
best model, it was nonetheless included in the optimal ACE/eNOS/NPRC 3-locus interactive
model and in the ACE/eNOS/ET-2/NPRC 4-locus interactive model. These results indicate
that the ACE 1/D polymorphism is not a major EH gene, but may have a synergistic effect in
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multi-minor gene stacking and reciprocity.

A large number of studies examining the correlation between eNOS Glu298Asp and
EH have been reported, but the results are variable (Miyamoto et al., 1998; Kato et al., 1999;
Benjafield and Morris, 2000; Jachymova et al., 2001; Rossi et al., 2003; Periaswamy et al., 2008;
Srivastava et al., 2008). Pereira et al. (2007) carried out a meta-analysis including 53 separate
studies to examine the correlation between eNOS genotypes and EH in various populations. In
Asians, the 298 Asp allele was predicted to be related to EH with an OR of 1.28 (95%CI = 1.06-
1.54), and the contribution to SBP and DBP was 2 mmHg; this relationship may also depend on
serum TC levels. They also found that the correlation of the eNOS gene mutation and EH was
heterogeneous, and that publication bias was evident. In the present study of the Yunnan Han
population, we were unable to demonstrate a correlation between eNOS and EH because the
homozygote, heterozygote of 298 Asp, and allele of 298 Asp showed very low frequencies.

Sharma et al. (1999) found that a mutation in the A985G base group of the ET-2
gene’s 3'-untranslated region (UTR) could be considered an independent predictive factor in
untreated EH patients. Sarzani et al. (1999) examined the NPRC A-55C polymorphism of obe-
sity-related hypertension patients and found that -55 CC homozygote carriers had relatively
low ANP levels and high SBPs. Correlations between EH and ET-2 A985G, ANP T2238C, and
NPRC A-55C have not been extensively reported. In our study of the Yunnan Han people, no
AA genotype was detected in the ET-2 A985G locus of the patient group, and the GG genotype
frequency was not significantly different from that of the control group; however, the G allele
frequency was higher than that in the control group, with an OR of 2.648 (95%CI = 1.073-
6.536). The mutation rates of ANP T2238C in both the patient and control groups were very
low; the CC genotype was not detected, and the frequency of the C allele was approximately
2%. Thus, the ANP T2238 CC genotype has little influence on EH. In the selected 6 candidate
genes, a mutation in NPRC A-55C showed a strong positive correlation with EH, and the CC
genotype frequency was clearly higher than that in the control group, with an OR of 3.777
(95%CI = 2.050-6.960). These results indicate that the mutation in NPRC A-55C may be
involved in EH.

Few studies have been conducted to examine the relationship between EH and multi-
gene interactions because of the limitation of appropriate genetic statistical methods. Based on
studies of polygene interactions in AGT, ACE, and AT IR loci using a candidate gene linkage
disequilibrium analysis method, Williams et al. (2000) demonstrated that gene-gene interac-
tions are significant in hypertension etiology. The interaction between the genotypes of the 6
loci, AGT M235T, ACE I/D, eNOS Glu298Asp, ET-2 A985G, ANP T2238C, and NPRC A-
55C, of our 100 EH patients was analyzed. In the 2- to 5-locus combination genetic analysis,
a combination of ET-2 A985G and NPRC A-55C CC increased the OR to 4.673 from that
obtained for the single-locus NPRC A-55C CC (3.777). In the 4-locus combination, AGT
M235T MT, eNOS GIu298Asp EE, ET-2 A985G GG, and NPRC A-55C CC increased the OR
to 5.529. These results indicate that the 6 candidate genes had varying influences on EH patho-
genesis; the 5-locus combination showed a superposition effect, excluding ANP T2238C. ACE
I/D, eNOS Glu298Asp EE, ET-2 A985G, and NPRC A-55C CC were found to participate
in effective models in the analysis of gene-gene interactions using the MDR method. ET-2
A985G GG and NPRC A-55C were included in the optimum model and had a high OR of
4.002 (95%CI = 2.1597-7.4159). The mutation in the ET-2 3'-UTR (A985G) base group was
shown to not only be related to hypertension susceptibility, but also demonstrated a superpo-
sition effect to minor gene reciprocity. NPRC A-55C was the most important polymorphism
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identified in our locus mutation interactions. The exact mechanism of the NPRC -55C homo-
zygote in hypertension is not yet clear; however, based on the results of Sarzani et al. (1999),
and the physiological function of NPRC (eliminating ANP in serum), it can be hypothesized
that the mutation in the NPRC -55C base group increases NPRC expression, and subsequently
decreases the ANP level, thereby increasing blood pressure. Confirming the precise pathologi-
cal mechanism requires further investigation in more populations.
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