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V1A VASOPRESSIN RECEPTOR GENE SINGLE NUCLEOTIDE
POLYMORPHISM AND ESSENTIAL HYPERTENSION, TYPE
2 DIABETES MELLITUS AND PLATELET AGGREGATION

Kazi N Hasan", Masaru Shoji’, Kazuhiro Sugimoto®, Shoji Tsutaya?,
Eriko Matsuda”, Ryoko Kudo?, Junko Saito?, Shigeyuki Nakaji’,
Toshihiro Suda” and Minoru Yasujima®

Abstract Candidate gene SNP study is a promising genetic approaches to complex common disorders. Arginine
vasopressin (AVP), a peptide hormone released from the posterior pituitary, has been suggested to play important
roles in the regulation of blood pressure, glycogenolysis and platelet aggregation through G protein coupled Vla
receptor (V1aR). Thus, polymorphisms in the V1aR gene have been prospective as possible genetic markers for
essential hypertension, type 2 diabetes mellitus and divergent platelet aggregation response to AVP. We identified 4
novel single nucleotide polymorphisms (SNPs) in the promoter region of the V1aR gene and named according to the
upstream locations such as, -6951G/A, -4112A/T, -3860T/C, and -242C/T. We investigated the association of 4 SNPs of
the V1aR gene in 365 hypertensive and 255 healthy subjects, 186 T2DM patients and 188 non-diabetic control subjects
(CS), and 33 young healthy volunteers living in the Aomori prefecture. Significant association was identified between
SNP at -6951 and hypertension in nonobese individuals, at -6951 and type 2 diabetes mellitus. Positive association was
also identified between nonobese hypertension and haplotype H3. Significant association was demonstrated between
SNP at -6951 and glycemic status in young healthy subjects. However, there was no significant association in the AVP-
induced platelet aggregation with V1aR gene variants. The study suggests V1aR gene variants as increased risk
for hypertension in nonobese and type 2 diabetes mellitus in the Aomori population; however, might not be useful as
genetic markers for platelet aggregation heterogeneity.
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Introduction

Hypertension and type 2 diabetes mellitus
are major cardiovascular risk factors with
genetic and environmental components. Platelet
aggregation also plays a central role in the
pathogenesis of acute thrombosis in coronary
heart disease."” Extensive studies have been
carried out to search candidate genes responsible

for susceptibility to essential hypertension, type
2 diabetes mellitus and to clarify the role of
genes in platelet aggregation. However, genes
involved in the pathogenesis of these disorders
remain to be identified.

Arginine vasopressin (AVP), the antidiuretic
hormone released from the posterior pituitary,
is involved in diverse physiological actions,
including contraction of vascular smooth
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muscle cells and mesangial cells, stimulation
of hepatic glycogenolysis, antidiuresis in the
kidney, aggregation of platelets and modulation
of adrenocorticotropin (ACTH) release from the
pituitary.” AVP mediates its physiological effects
through G protein-coupled receptors. The human
AVP receptors have been cloned and found to
be differentially expressed: the Vla in vascular
smooth muscle, liver, blood platelets, brain,
adrenal cortex, and renal mesengial cells, the V2
in kidney and the V1b in pituitary.g'“)

AVP exerts its vasoconstrictor action through
Vla receptor (V1aR) on vascular smooth
muscles,”™ to increase vascular tone and
modulate baroreceptor sensitivity by central

W V1aR plays an important

nervous system VlaR.
role in the blood glucose regulation. In the liver,
it promotes glycogenolysis and gluconeogenesis.
Hypothalamic AVP facilitate hyperglycemic
responses initiated by peripheral signals through
the hepatic activation of V1aR.”** Human
platelet aggregation response of to AVP shows
heterogeneity,w which is thought to be under the
genetic influence. AVP has also been reported to
stimulate platelet aggregation by platelet V1aR.
All of these physiological functions allowed V1aR
gene a reasonable candidate for the study of its
involvement in human essential hypertension,
type 2 diabetes mellitus as well as clarifying
heterogeneity of the aggregation response of
human platelets to AVP.

The V1aR gene is located on chromosome 12
and maps to region 12ql4-15. It consists of two
coding exons, exon 1 with 2 kb of 5-untranslated
region and exon2 with 1 kb of 3-untranslated
region, separated by a 2.2-kb intron. A 8.9-kb
Apal fragment correspondes to the 5 flanking
promoter DNA and the first 32 nucleotides of the
V1aR gene.w

There are several reports on microsatellite
motifs and novel single nucleotide polymorphisms
(SNPs) in the V1aR gene and its 5 up stream
region. Thibonnier et al® found several DNA

microsatellite motifs in French Caucasian.
One is located within the intron. Three other
microsatellites are present in the 5 flanking
DNA of the V1aR gene. The study explored
whether human V1aR gene might be involved
in human essential hypertension. However, the
study revealed no association with essential
hypertension.”” Study for searching variations
in eight human gene encoding G protein-coupled
receptors (GPCRs) in the Japanese population
detected 20 variations in the V1aR gene. Among
those, some were reported in other studies, the
rests were novel. Nineteen genetic variations
are in the 5 flanking region, 5" untranslated
region of exon 1, intron, 3’ untrnaslated region
of exon 2 and 3’ flanking regions. Only one is
found in exon 1; however, the change of C to T
caused no amino acid change.”*® Ten SNPs in
the V1aR gene have also been reported. Three
microsatellites in the V1aR gene, two in the
promoter region (RS1 and RS3) and an intronic
microsatellite, were found to be associated
with autism spectrum disorders.” We also
investigated genetic variations in the V1aR gene
in native Japanese general residents living in
the northern most rural district of Japan main
island, Aomori prefecture. We identified 4 novel
SNPs in the promoter region of V1aR gene and
named according to the upstream locations such
as -6951G/A, -4112A/T, -3860T/C and -242C/T.
In the present study, we investigated whether
these 4 SNPs of V1aR gene could be associated
to confer susceptibility to essential hypertension,
type 2 diabetes mellitus as well as platelet
aggregation heterogeneity to AVP. We also
looked at the effect of SNPs on glycemic status.

Subjects and Methods

The study of V1aR SNPs with essential
hypertension was comprised of total 620 subjects
including 365 hypertensive (HT) and 255
healthy subjects (HS). Hypertension was defined
as an average systolic blood pressure (SBP) of



140 mmHg or higher, an average diastolic blood
pressure (DBP) of 90 mmHg or higher, and/or
current use of antihypertensive medications. SBP
and DBP of all healthy subjects were less than
140 and 90 mmHg, respectively. Healthy subjects
had no history of hypertension, body mass index
(BMI) of <25 kg/m* and were without any
medical treatments. Additional selection criteria
for both hypertensive and healthy subjects were
the absence of: (1) diabetes mellitus (fasting
blood glucose >6 mmol/L or use of insulin or
oral hypoglycemic agents), (2) renal dysfunction
(serum creatinine >180 mmol/L), (3) liver
disease, (4) malignancy, (5) pregnancy, and (6)
substance abuse, including alcohol.

The study of VlaR SNPs with type 2
diabetes mellitus was comprised of a group of
374 subjects, 186 patients with type 2 diabetes
mellitus (T2DM) and 188 age- and sex-matched
non-diabetic control subjects (CS). The study
included another group of 33 young healthy
subjects [Age: 22.0£1.0 yrs]. The diagnosis
of diabetes mellitus was set according to the
criteria of the Japanese Diabetes Association.
Namely, patients with diabetes mellitus had
fasting plasma glucose concentration of >126
mg/dl repeatedly. Otherwise, plasma glucose
concentration of 2 hours after oral 75 g glucose
load was =200 mg/dl. The diagnosis of T2DM
was based on the 1998 WHO criteria.’” Only
patients with treatment on diet or exercise
and oral hypoglycemic agent were recruited.
Control subjects had no history of diabetes and
hypertension and were without any medical
treatments.

The study for the association with the platelet
responsiveness to AVP comprised 33 young
healthy volunteers [age (mean+SD):22+1].
All subjects were without of diabetes mellitus,
hypertension, hypercholesterolemia, smoking
history and hyperlipidemia. None had any history
of atherosclerotic disease, abnormal bleeding,
and arterial or venous thrombotic disorders.
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All subjects had no history of ingesting ethanol,
aspirin, or other medications.

All subjects in the different studies gave
informed consent. The ethics committee of the
institute approved the research protocols.

Genotype screening were performed on
peripheral blood extracted genomic DNA using
PCR restriction fragment length polymorphism
(PCR-RFLP) or PCR allele specific amplification
(PCR-ASA). Primers sequences and locations
were according to Hasan et al.*Y The restriction
enzymes used for RFLP were Bfa I for -6951
G/A, Tspb09 T for -3860 T/C and Pst I for -242
C/T, respectively. For -4112 A/T, PCR was
performed using forward primer allele 1 (A),
forward primer allele 2 (T) and common reverse
primer. The allele specific amplified product was
identified by the electrophoresis migration.

Data are expressed as means*SD unless
otherwise stated. Clinical characteristics between
groups were analyzed by Student’s t-test and one-
way analysis of variance (ANOVA). x” analysis
and Fisher’s exact test was applied to examine
the differences in genotypes, alleles, haplotypes,
as well as haplotype combinations between
the groups. Logistic regression analysis was
performed to asses the independent contribution
of confounding factors. Pearson’s correlation
analysis evaluated the relationship between
AVP and ADP in inducing platelet aggregation.
Haplotyps, Hardy-Weinberg equilibrium and
linkage disequilibrium co-efficient (D) were
estimated by using genetic analysis software
(Helix Tree, version 4.0.3) [www.goldenhelix.
com/em_algorithm.html]. P value of less than
0.05 was considered statistically significant.

Results and Discussion

Mean SBP and DBP at the time of blood
collection were 120.2+11.3/72.5+8.8 mmHg
in HS, and 150.9+20.0/89.2+12.2 mmHg in
HT, respectively. Thus, SBP and DBP were
significantly higher in HT. The baseline
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characteristics of age and sex were not
significantly different between the two groups.
However, BMI, serum total cholesterol and
serum total HDL cholesterol were significantly
different between HT and HS.

Genotype distributions at each of 4
polymorphic sites of V1aR gene were in the
Hardy-Weinberg equilibrium in all subjects. The
overall distribution of genotypes and alleles
of 4 SNPs did not differ significantly between
HS and HT (data not shown). However, when
hypertensives were stratified according to
the obesity (BMI>25.0 kg/m®)®, there was
significant association between genotypes and
alleles at -6951 and hypertension. Among
hypertensives, there were 201 subjects with
BMI<25.0 kg/m® and regarded as nonobese
hypertensive (NOB-HT) (mean age, 62.0*
9.8 years; male/female, 82/119; mean BMI, 224
+1.8 kg/m?): while there were 164 subjects
with BMI>25.0 kg/m® and regarded as obese
hypertensive (OB-HT) (mean age, 59.1+9.2
years; male/female, 61/103; BMI, 27.8+2.4 kg/
m?). The prevalence of GA+AA genotype of
SNP -6951 was significantly higher in NOB-HT
compared with HS (P=0.016). The frequency
of minor A allele of SNP -6951 was also
significantly higher in NOB-HT compared with
HS (P=0.019) (Table 1).

Except for the significantly higher prevalence
of C allele at -3860 (T allele vs. C allele: P=0.037),
genotype and allele distributions of 3 other SNPs
of V1aR did not show any significant differences
between the two groups (data not shown).
Genotype and allele distributions of 4 SNPs of
V1aR did not show any significant differences
between healthy and OB-HT subjects (data not
shown). In all subjects, these 4 SNPs were in
strong linkage disequilibrium with each other.
Therefore, we determined haplotypes based on
4 SNPs of V1aR. The distributions of major
haplotypes (H1-H5) between the HS and NOB-HT
group revealed significantly higher frequency of

H3 haplotype in NOB-HT (P=0.048) that include
the -6951 variant (Table 1). The significant
association (P=0.028) of SNP -6951 G/A with
hypertension in nonobese remained after
adjustment for confounding factors (Table 2).

These results suggest that V1aR gene
variation at -6951 confer susceptibility to
hypertension in nonobese individuals. Case-control
and linkage study of V1aR gene microsatellite
polymorphisms in French Caucasian showed no
association with human essential hypertensionZS).
We also found no association between V1aR gene
SNPs and hypertension as a whole. However,
when cases were subdivided into nonobese and
obese hypertensives, an association was observed
between V1aR SNP and hypertension in a sub-
sample of nonobese individuals.

The factor that led us to stratify hypertensives
iIs genetic heterogeneity. Genetic heterogeneity
may arise due to disease etiology and ethnicity.
Essential hypertension is heterogeneous disorder
and several underlying mechanisms may
contribute to develop it. Obesity is one of those.
Therefore, categorizing hypertensives according
to the clinically defined subtypes would reduce
the genetic heterogeneity and improve the power
of the study. It has become evident that obesity-
associated hypertension may be genetically
distinct from hypertension in nonobese individuals.
Pausova et al®® performed genome-wide scans in
French Canadians and found that the loci for the
obesity-associated hypertension were significantly
different from those for nonobese hypertension.
The HYPERGENE studies already implicated
the association of angiotensinogen gene in the
development of hypertension in individuals with
BMI<27 kg/m>*% Hepatocyte growth factor
gene polymorphism was reported to confer
susceptibility to essential hypertension in lean
subjects%). Dissecting hypertensives by ethnicity
has been also shown to reduce the level of genetic
heterogeneity. Morris®” stated that Pausova et
al®® succeeded to improve the degree of genetic
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Table 1 Comparison of genotype, allele frequencies of SNP -6951G/A and haplotype (combined
alleles of -6951 G/A, -4112 A/T, -3860T/C, and -242 C/T) frequencies of V1aR gene
between healthy subjects (HS) and nonobese hypertensives (NOB-HT)

Genotypes/ HS NOB-HT
SNP Alleles (n = 255) (n = 201) P OR (95% CD)
-6951 G/A
GG 182 (71.0) 121 (60.0)
GA+AA 73 (29.0) 80 (40.0) 0.016 1.65 (1.11-244)
G 428 (84.0) 312 (780)
A 82 (16.0) 90 (22.0) 0.019 151 (1.10-2.10)
Haplotypes
Hl1 g-a-t-c 231 (0453) 168 (0.418) 0.32 1.15 (0.89-1.50)
H2 g-a-c-c 114 (0.224) 94 (0.234) 0.77 0.94 (0.69-1.29)
H3 a-a-c-C 82 (0.161) 86 (0.214) 0.048 0.70 (0.50-0.98)
H4 g-t-t-t 65 (0.127) 43 (0.107) 040 1.22 (0.81-1.83)
H5 g-t-t-c 17 (0.033) 6 (0.015) 0.12 228 (0.89-5.82)

Values in case of genotype and allele frequencies are actual counts (%). Values are counts (fraction)
in case of haplotype frequencies. Haplotypes are shown as combined alleles of -6951 G/A, -4112 A/T,
-3860T/C, and -242 C/T. The results of haplotypes with very rare frequencies (< 1.0%) in HS and
NOB-HT were not shown. V1aR, vasopressin Vla receptor; SNP, single nucleotide polymorphism;
NOB-HT, nonobese hypertensive; OR, odds ratio; CI, confidence interval.

Table 2 Effect of confounding factors on the prevalence of hypertension in non obese by

multiple logistic regression analysis

Variables df Wald y* P OR 95% CI

Age 1 74 0.007 1.03 1.01 - 1.05
Sex 1 37 0.055 0.66 044 — 1.01
BMI 1 134 < 0.001 1.22 11 -135
Total cholesterol 1 1.0 0.313 1.0 1.0 - 101
HDL-cholesterol 1 0.001 0.974 1.0 099 - 1.01
—6951 G/A* 1 48 0.028 157 1.05 — 235

df, degree of freedom; BMI, body mass index; HDL, high-density lipoprotein; -6951 G/A, single
nucleotide polymorphism at -6951 position of vasopressin Vla receptor gene. OR, odds ratio; CI,
confidence interval. “The relative risk associated with carriers of GA+AA of -6951 G/A has been

estimated vs. GG genotype.

homogeneity by recruiting isolated population
from the geographically remote French-Canadian
Saguenay/Lac-St-Jean region of Quebec. The
results by Pausova et al®® are contrasts with
the 2 largest genome scans for hypertension, the
National Heart, Lung and Blood Institute Family
Blood Pressure Program (NHLBI-FBP)*® and
the British Investigation of the Genetics of
Hypertension (BRIGHT)®* studies, which failed
to find even a single locus that attained genome-
wide significance. In the present study, we also
recruited native Japanese residents who were

living in traditional, conservative, and agriculture
based life style in the rural district, Aomori
prefecture. Their ancestors lived there over the
past several centuries. Therefore, it is likely that
our relatively small, isolated population has been
also spared the level of genetic "noise" present in
mixed populations elsewhere.

There was a significant difference (P=0.048)
in -6951G/A genotype distribution between
T2DM and CS groups (Table 3).

Although A allele of —6951 SNP was found
to be more frequent in T2DM, this was not
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Table 3 Comparison of genotype and allele frequencies of SNP -6951G/A of V1aR gene between
control subjects (CS) and patients with type 2 diabetes mellitus (T2DM) and effect of
confounding factors on the prevalence of type 2 diabetes mellitus by multiple logistic

regression analysis

SNPs Genotypes/ CS T2DM P OR (95% CI)
Alleles (n =188) (n =186)
-6951G/A
GG 140 (74.0) 120 (65.0)
GA+AA 48 (26.0) 66 (35.0) 0.048 160 (1.03 — 25)
G 321 (85.0) 299 (80.0)
A 55 (15.0) 73 (20.0) 0.09 142 (097 - 2.1)
Logistic regression
Variables df Wald 2 P OR (95% CI)
Age 1 1.22 0.27 1.01 (0.99 — 1.03)
Sex 1 0.56 0.46 0.85 (057 — 1.29)
-6951 G/A* 1 4.15 0.04 159 (1.02 — 2.49)

Values in case of genotype and allele frequencies are actual counts (%). V1aR, vasopressin Vla
receptor; SNP, single nucleotide polymorphism; OR, odds ratio; CI, confidence interval; df, degree of
freedom. *The relative risk associated with carriers of GA+AA of -6951 G/A has been estimated vs.

GG genotype.

significant (Table 3). Logistic regression
also confirmed the independent significant
association of the SNP —6951G/A with type 2
diabetes mellitus (P=0.04) after adjustment for
age and sex. Genotype and allele distributions
of 3 other SNPs of V1aR did not show any
significant differences between the TZ2DM and
CS groups (data not shown). The distributions
of major haplotypes (H1-H5) between the
two groups showed no significant differences
between CS and T2DM. Analysis of haplotype
combinations showed that H2/H3 heterozygote
was more frequent in T2DM than in CS (8.6 %
versus 3.7%). HI1/H2 heterozygote appeared
more frequently in CS than in T2DM (22.0%
versus 14.5%). SNP -6951G/A demonstrated a
significant relation with the glycemic status in
young healthy subjects. GA+AA carriers of SNP
-6951G/A had significantly (P < 0.001) higher
HbA,. (4.66%0.13) compared to GG carriers
(4.26+0.24) (Figure 1A).

However, HbA,: did not show any significant
differences for each of 3 other SNPs of V1aR. In
young healthy subjects, HbA,: levels in carriers
having haplotype combinations of H1/H1 and

H1/H2 (more frequent in control subjects) were
4.25%+0.171 and 4.11x0.273, significantly lower
(P<0.01 and P<0.001) from that in all other
combinations (4.53+0.23) (Figure 1B).

These results suggest the importance of
-6951G/A SNP as genetic marker of type 2
diabetes mellitus and haplotypes in predicting
type 2 diabetes mellitus. There are substantial
evidences to suggest that AVP plays a crucial
role in the regulation of blood glucose through
V1aR'™®#'%  However, the present study seems
to be the first genetic association study between
V1aR gene polymorphisms and type 2 diabetes
mellitus.

The maximum aggregation responses to AVP
varied from 0% to 97% with a mean value of
47.88+36.85%, whereas those to ADP varied
from 52% to 98% with mean value of 79.82+
12.67%. There was a significant correlation
(r=0.59; P<0.001) between responses to AVP and
those to ADP. However, there was no significant
association in the AVP-induced aggregation
between the subjects with and without variant
alleles of each 4 SNPs (data not shown). These
results suggest that our identified V1aR gene



S 125

A.
s F-Ns— s
S
g
<
g
E
=
GG GA+AA AA  ATHTT TT TC+CC CC CT+TIT
—6951 G/A —4112 A/T —3860 T/C —-242 C/T
Variants of V1aR gene
B.

4.7 4

4.5 4

HbA1c (%)

39 -

HI1/H1
(GG-AA-TT-CC)

S .

H1/H2 All Other

(GG-AA-TC-CC)

Haplotype Combinations

Figure 1 Effect of 4 SNPs of V1aR gene on glycemic status. A. HbA,. Status and VI1aR
SNPs in Young Healthy Subjects. B. HbA,: Status and haplotype combinations
based on 4 SNPs of V1aR gene in Young Healthy Subjects. P<0.01; ** P<0.001

variants may not be useful as genetic markers
for platelet aggregation heterogeneity. This
study was the first to investigate the association
of V1aR SNPs with the heterogeneity of platelet
aggregation in response to AVP. We confirmed
that platelet aggregation response to AVP
varies among individuals. Significant correlation
between platelet aggregation response to AVP
and those to ADP suggests that they may
share a common pathway in inducing platelet
aggregation. Activation of phospholipase C via

Gq 1is indispensable for both AVP and ADP-
induced platelet aggregation®?.

In conclusion, the present study demonstrates
a significant association of the -6951G/A SNP
with nonobese hypertension and type 2 diabetes
mellitus. Four SNPs of V1aR might not be
useful as genetic marker for platelet aggregation
heterogeneity. Future studies will be needed
to investigate the functional relevance of V1aR

gene polymorphisms in these disorders.



S 126 K. N Hasan, et al.

Acknowledgements

This study was supported in part by Grant-
in-Aid for Scientific Research (No. 17590482,
No. 12672236, No0.13672412 and No.15590477)
from the Ministry of Education, Science, Sports
and Culture, Japan. The authors are grateful
to Ms Akiko Tamura for her expert secretarial
assistance.

References

1)Mosterd A, D'Agostino RB, Silbershatz H,
Sytkowski PA, Kanel WB. Trends in the prevalence
of hypertension, antihypertensive therapy, and left
ventricular hypertrophy from 1950 to 1989. N Engl
J Med 1999;340:1221-7.

2)Kannel WB, McGee DL. Diabetes and cardiovascular
disease: the Framingham study. JAMA 1979;241:
2035-8.

3)Fuster V, Badimon L, Badimon JJ, Chesebro JH.
The pathogenesis of coronary artery disease and
the acute coronary syndromes, 1. N Engl ] Med
1992;326:242-50.

4)Fitzgerald D], Roy L, Catella F, Fitz Gerald GA.
Platelet activation in unstable coronary disease. N
Engl ] Med 1986;315:983-9.

5)Lifton RP, Gharavi AG, Geller DS. Molecular
mechanisms of human hypertension. Cell 2001;104:
545-56.

6)McCarthy MI, Froguel P. Genetic approaches to
the molecular understanding of type 2 diabetes.
Am J Physiol Endocrinol Metab 2002;283:E217-25.

7)Michell RH, Kirk CJ, Billah MM. Hormonal
stimulation of phosphotidylinositol breakdown
with particular reference to the hepatic effect of
vasopressin. Biochem Soc Trans 1979;7:861-5.

8) Thibonnier M, Auzan C, Wilkins P, Berti-Mattera
L, Madhun Z, Clauser E. Cloning, sequencing, and
functional expression of the cDNA coding for the
human Vla vasopressin receptor. J Biol Chem
1994;269:3304-10.

9)Birnbaumer M. Vasopressin receptors. Trends
Endocr Metab 2000;11:406-10.

10) Birnbaumer M, Seibold A, Gilbert S, et al. Molecular
cloning of the receptor for human antidiuretic
hormone. Nature 1992;357:333-5.

11)de Keyzer Y, Auzan C, Lenne F, et al. Cloning
and characterization of the human V3 pituitary
vasopressin receptor. FEBS Lett 1994;356:215-20.

12) Altura BM, Altura BT. Vascular smooth muscle
and neurohypophyseal hormones. Fed Proc 1977;36:
1853-60.

13)Cowley AW Jr, Liard JF. Cardiovascular actions
of vasopressin. In: Gash DM, Boer GJ, eds.
Vasopressin Principles and Properties. New York,
USA: Plenum Press; 1987.p.389-433.

14)Share L. Role of vasopressin in cardiovascular
regulation. Physiol Rev 1988;68:1248-84.

15)Rofe AM, Williamson DH. Metabolic effects of
vasopressin infusion in the starved rat. Biochem ]
1983;212:231-9.

16) Spruce BA, McCulloch AJ, Burd ], et al. The effect
of vasopressin infusion on glucose metabolism in
man. Clin Endocrinol 1985;22:463-8.

17)Yibchok-anun S, Hsu Wh. Effects of arginine
vasopressin and oxytocin on glucose release from

clonal alpha-cell line In-R1-G9: Involvement of V1b
receptors. Life Sci 1998;63:1871-8.

18)Keppens S, DeWulf H. The nature of the hepatic
receptors involved in vasopressin-induced
glycogenolysis. Biochim Biophys Acta 1979;588:63-9.

19) Whitton PD, Rodrigues LM, Hems DA. Stimulation
by vasopressin, Angiotensin and oxytocin of

gluconeogenesis in hepatocyte suspensions. Biochem
J 1978;176:893-8.

20)Keppens S, Vandekerckhove A, Moshage H, Yap
SH, Aerts R, DeWulf H. Regulation of glycogen
phosphorylase activity in isolated human
hepatocytes. Hepatology 1993;17:610-4.

21) Yarkov A, Montero S, Lemus M, Roces de Alvarez-
Buylla E, Alvarez-Buylla R. Arginine-vasopressin
in nucleus of the tractus solitarius induces

hyperglycemia and brain glucose retension. Brain
Res 2001;902:212-22.

22)Montero S, Mendoza H, Valles V, Lemus M,
Alvarez-Buylla R, de Alvarez-Buylla ER. Arginine-



vasopressin mediates central and peripheral
glucose regulation in response to carotid body
receptor stimulation with Na-cyanide. ] Appl
Physoil 2006;100:1902-9.

23)Lachant NA, Smith MR, Xie ZJ, Romani WR.
Heterogeneity of the aggregation response of

human platelets to arginine vasopressin. Am J
Hematol 1995;49:56-66.

24) Thibonnier M, Graves MK, Wagner MS, Auzan
C, Clauser E, Willard HF. Structure, sequence,
expression, and chromosomal localization of the

human Vla vasopressin receptor gene. Genomics
1996;31:327-34.

25) Thibonnier M, Graves MK, Wagner MS, et al.
Study of V1-vascular vasopressin receptor gene
microsatellite polymorphisms in human essential
hypertension. ] Mol Cell Cardoil 2000;32:557-64.

26)Saito S, Iida A, Sekine A, et al. Catalog of 178
variations in the Japanese population among
eight human genes encoding G protein-coupled
receptors (GPCRs). ] Hum Genet 2003;48:461-8.

27)Kim SJ, Young LJ, Gonen D, et al. Transmission
disequilibrium testing of arginine vasopressin
receptor 1A (AVPRIA) polymorphisms in
autism. Mol Psychiatry 2002;7:503-7.

28) Wassink TH, Piven J, Vieland V], et al.
Examination of AVPRI1A as an autism susceptible
gene. Mol Psychiatry 2004;9:968-72.

29) Yirmiya N, Rosenberg C, Levi S, et al. Association
between the arginine vasopressin la receptor
(AVPRla) gene and autism in a family-based
study: mediation by socialization skills. Mol
Psychiatry 2006;11:488-94.

30) Alberti KGMM, Zimmet PZ. Definition, diagnosis
and classification of diabetes mellitus and its
complications. Part 1: diagnosis and classification

of diabetes mellitus provisional report of a WHO
consultation. Diabet Med 1998:15:539-53.

31)Hasan KN, Shoji M, Tsutaya S, et al. Study of
Vla vasopressin receptor gene single nucleotide
polymorphisms in platelet vasopressin responsiveness.
J Clin Lab Anal 2006;20:87-92.

S 127

32)Kanazawa M, Yoshiike N, Osaka T, Numba Y,
Zimmet P, Inoue S. Criteria and classification of

obesity in Japan and Asia-Oceania. Asia Pacific ]
Clin Nutr 2002;11:5732-37.

33)Pausova Z, Gaudet D, Gossard F, et al. Genome-
wide scan for linkage to obesity- associated

hypertension in French Canadians. Hypertension
2005;46:1280-5.

34) Jeunemaitre X, Soubrier F, Kotelevtsev YV, et al.

Molecular basis of human hypertension: role of
angiotensinogen. Cell 1992;71:169-80.

35)Jeunemaitre X, Inoue I, Williams C, et al.
Haplotypes of angiotensinogen in essential
hypertension. Am ] Hum Genet 1997;60:1448-60.

36)Motone M, Katsuya T, Ishikawa K, et al.
Association between hepatocyte growth factor
gene polymorphism and essential hypertension.
Hypertens Res 2004;27:247-51.

37)Morris BJ. Dissecting hypertension by obesity
identifies a locus at 1p36. Hypertension 2005;46:
1256-8.

38)Province MA, Kardia SL, Ranade K, et al. A
meta-analysis of genome-wide linkage scans for
hypertension: the National Heart, Lung and Blood
Institute Family Blood Pressure Program. Am ]
Hypertens 2003;16:144-7.

39) Caulfield M, Munroe P, Samani N, et al. Genome-
wide mapping for human loci for essential
hypertension. Lancet 2003;361:2118-23.

40) Trinder D, Phillips PA, Stephenson JM, et al.
Vasopressin V1 and V2 receptors in diabetes
mellitus. Am J Physiol 1994;266:E217-23.

41)Jin J, Kunapuli SP. Coactivation of two different
G protein-coupled receptors is essential for ADP-

induced platelet aggregation. Proc Natl Acad Sci
1998:95:8070-4.

42)Offermanns S, Toombs CF, Hu YH, Simon ML
Defective platelet activation in Gg-deficient mice.
Nature 1997;389:183-6.



