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Possible association of tumor necrosis factor receptor
2 gene polymorphism with severe hypertension using
the extreme discordant phenotype design

Takashi Eguchi1, Tatsuya Maruyama1, Yoichi Ohno1,2, Toshiyuki Morii1, Keiichi Hirao1, Hiroshi Hirose3,
Hiroshi Kawabe3, Ikuo Saito3, Matsuhiko Hayashi1 and Takao Saruta1

The tumor necrosis factor (TNF)-a pathway has a key role in regulating insulin resistance. TNF receptor 2 (TNFR2) is an

emerging candidate gene for insulin resistance in essential hypertension. We examined the association of insulin resistance and

enhanced TNF pathway with severe hypertension and the association of a microsatellite polymorphism of the TNFR2 gene with

severe hypertension. Male severe essential hypertensive patients (HT) with the onset before 60 years of age and with genetic

predispositions to hypertension were consecutively enrolled at our outpatient department (N¼92). Normotensive men (NT) over

50 years of age were randomly registered from the participants in the annual health check program (N¼78). Patients were

selected as HT and NT who met stringent criteria for systolic/diastolic blood pressure (SBP/DBP) levels ^180 and/or 110mmHg

and o120/80mmHg, respectively. HT revealed significantly higher plasma insulin levels, C-reactive protein (CRP) and soluble

fraction of TNFR2 concentrations (sTNFR2) than NT. A microsatellite polymorphism of the CA repeat in intron 4 of the TNFR2

gene was analyzed. The allele frequency of CA16 in HT differed significantly from that in NT (66/184 vs. 36/156, P¼0.01 by

v2 analysis). In HT, the CA16 carriers showed significantly higher SBP and plasma insulin levels and a higher tendency of

sTNFR2 than did those without this allele. In NT, CA16 carriers revealed significantly higher sTNFR2 and CRP levels than

did the CA16 non-carriers. These results suggest that the TNFR2 gene locus has a potential effect on developing severe

hypertension through the augmented TNF pathway and insulin resistance.
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INTRODUCTION

Concern has been increasing about the association between essential
hypertension and metabolic disorders because hypertension occasion-
ally leads to cardiovascular complications.1 Accumulating evidence
suggests that atherosclerosis is derived from metabolic disorders and
accompanies the activation of inflammation.2,3 Chronic subclinical
inflammation is associated with arterial stiffness in essential hyperten-
sion4,5 and precedes its onset.6 Tumor necrosis factor (TNF)-a, once
regarded as a cytokine involved in the regulation of the immune
system, is now known to participate in insulin resistance.7,8 TNF-a is
hypothesized to have a key role in the pathophysiology of insulin
resistance associated with essential hypertension.
Tumor necrosis factor-a expresses its various effects through the

binding of two types of TNF receptors, TNFR1 (p55) and TNFR2
(p75).9 TNFR1 signals universal activities of TNF-a, whereas
TNFR2 mainly signals metabolic actions.10 Circulating soluble
TNFR2 (sTNFR2) is shed by proteolytic cleavage from the cell surface

and is proposed to buffer TNF-a on the metabolic pathway.11 sTNFR2
is considered to block TNF-a activity at high concentrations, but to
preserve TNF activity by stabilizing its long-term activity at low
concentrations. The ratio of sTNF-a receptors (sTNFR2/sTNFR1)
has recently been reported to correlate with systolic and diastolic
blood pressure levels (SBP and DBP, respectively). Increased circulat-
ing sTNFR2, but not sTNFR1 or TNF-a, concentrations were report-
edly associated with insulin resistance in healthy volunteers, lean non-
diabetic offspring of diabetic patients, and young obese patients.8,10

Therefore, the sTNFR2 concentration reflects the degree of activation
of the TNF pathway and is a surrogate marker of insulin resistance.
We showed that impaired insulin sensitivity is associated with the

offspring of essential hypertensives.12 Whole-body insulin resistance
accompanies cellular insulin resistance in immortalized lymphoblasts
derived from young, lean hypertensive patients.13 These previous
findings indicate that insulin resistance associated with essential
hypertension results from a genetic abnormality. The polymorphisms

Received 2 March 2009; revised 29 May 2009; accepted 1 June 2009; published online 26 June 2009

1Department of Internal Medicine, School of Medicine, Keio University, Saitama Prefecture, Japan; 2Community Health Science Center, Saitama Medical University, Saitama
Prefecture, Japan and 3Health Center, Keio University, Yokohama, Japan
Correspondence: Dr Y Ohno, Department of Internal Medicine, School of Medicine, Keio University, 38 Morohongo, Moroyama-machi, Iruma-gun, Saitama Prefecture 350-0495,
Japan.
E-mail: yo1-ohno@bk2.so-net.ne.jp

Hypertension Research (2009) 32, 775–779
& 2009 The Japanese Society of Hypertension All rights reserved 0916-9636/09 $32.00

www.nature.com/hr

http://dx.doi.org/10.1038/hr.2009.91
mailto:yo1-ohno@bk2.so-net.ne.jp
http://www.nature.com/hr


in the 3¢-untranslated region of the TNFR2 gene (TNFRSF1B) were
also linked with obesity, leptin concentrations and insulin resistance in
type 2 diabetic patients.14 Glenn et al.15 reported that a haplotype
including a microsatellite marker consisting of 16 CA repeats in intron
4 of the TNFR2 gene was associated with genetic hypertension and
higher plasma sTNFR2 concentrations in the case–control study.
However, the same group refuted the association of the microsatellite
polymorphism with essential hypertension in a later larger-scale study,
although the statistical significance is marginal.16 In this situation, an
earlier probability for the association of the microsatellite in the
TNFR2 gene with essential hypertension can be estimated.
The false-positive report probability is a formidable issue to

accomplish a case–control association study with a small sample
size.17 To raise both the sensitivity and the specificity of a genetic
association study, we have been advocating the importance of selective
genotyping with extreme discordant phenotypes (EDPs).13,18 The
statistical power of association using the EDP design is estimated as
more than double when the sum of the upper and lower selection
areas was 0.2.19,20 Another advantageous procedure is to design a
study with a relatively high prior probability (P¼0.01–0.25).17 Enrol-
ling appropriate patients whose intermediate phenotypes are suitable
with the pathophysiological pathway relevant to the candidate gene
also contributes to raising prior probability and reducing false-positive
report probability. In this study, we investigated the relationship
between insulin resistance and the TNF pathway and the association
of the CA repeat polymorphisms in the TNFR2 gene with severe
hypertension. Here, we propose a novel application of a case–control
association study with a small sample size to the analysis of a relatively
high prior probability using the EDP design.

METHODS

Study population
Hypertensive patients (HT) were consecutively recruited among outpatients

between 2000 and 2003 at Keio University Hospital. Recruitment was

confined to patients who met all the following criteria: pretreatment for

SBP^180mmHg and/or DBP^110mmHg, at least one hypertensive parent,

male gender, and onset of hypertension before 60 years of age. BP measurement

was performed according to the method described previously.12 The propor-

tions of HTreceiving calcium channel blockers, angiotensin-converting enzyme

inhibitors or angiotensin receptor blockers, and thiazide diuretics were 74, 65

and 25%, respectively. Patients with diabetes, or heart, renal or endocrinolo-

gical disease were excluded. Secondary hypertension was excluded by clinical

symptoms and physical and laboratory examinations including routine blood

chemistry and adrenal function, if necessary. Healthy volunteers were also

consecutively recruited among individuals undergoing an annual health exam-

ination at Keio University. Normotensive men (NT) who met the following

criteria were randomly registered: SBPo120mmHg and DBPo80mmHg;

male gender, age over 50 years, and no familial history of hypertension among

their first-degree relatives. Patients with acute intercurrent illnesses and chronic

inflammatory diseases were also excluded. With these BP levels and genetic

predispositions to hypertension, HT and NT were assumed to have extreme

phenotypes of genetic hypertension that are consistent with less than 5 and

10% of the general population at their age, respectively.21,22 This study was

conducted according to the principles expressed in the Declaration of Helsinki.

The Ethics Review Committee of Keio University School of Medicine approved

the protocol. Each patient gave informed consent in writing before enrollment.

Genotyping
Genotyping was performed only in the registered HT and NT. Leukocyte DNA

was extracted for genotyping by PCR. The following primers were used:

forward, 5¢-GTGATCTGCAAGATGAACTCAC-3¢ labeled at the 5¢-end with

6-FAM; reverse, 5¢-ACACCACGTCTGATGTTTCA-3¢. Each 20-ml aliquot of

PCR mix contained 10ng of genomic DNA, 100 pmol of each primer, a

2.5mmol l�1 concentration of each dNTP, 0.5U of TaKaRa Ex Taq DNA

polymerase (TaKaRa Bio, Tokyo, Japan), 100mmol l�1 KCl, 10mmol l�1 Tris-

HCl (pH 8.0) and 20mmol l�1 MgCl2. After initial incubation at 95 1C for

12min, 35 cycles were carried out at 94 1C for 1min, 60 1C for 1min and 72 1C

for 1min, followed by 15 cycles at 94 1C for 1min, 58 1C for 1min and 72 1C

for 1min; then 20 cycles at 94 1C for 1min, 55 1C for 1min and 72 1C for

1min; and finally incubation at 72 1C for 30min. The PCR products were

electrophoresed using an ABI 3700 automated sequencer (Applied Biosystems,

Foster City, CA, USA), and genotypes were assigned using ABI Genotyper

software. Alleles were visualized as 263-, 265-, 267-, 269-, 271-, 273- and 275-

bp PCR products. The seven alleles were termed CA11, CA12, CA13, CA14,

CA15, CA16 and CA17, respectively, to indicate the number of CA repeats.

Plasma assays
Plasma concentrations of TNF-a and sTNFR2 were measured using a Quanti-

kine HS human TNF-a immunoassay and a Quantikine human sTNFR2

immunoassay (R&D Systems, Minneapolis, MN, USA), respectively. Plasma

C-reactive protein (CRP) concentrations were measured using an N High

Sensitivity CRP kit (Dade Behring, Marburg, Germany). All other blood

determinations were performed by using routine clinical methods as previously

described.13

Statistical analysis
Allele frequencies between the genotype groups and the proportions of the

major allele carriers in the TNFR2 gene were assessed by using the w2-test for
Hardy–Weinberg equilibrium. w2 analysis followed by Fischer’s exact test was

used to estimate the contribution of the microsatellite polymorphism in the

TNFR2 gene to HT. We then examined the association of the major alleles

(CA15, CA16) with HT. Non-parametric approaches were adopted to compare

the biomarkers because the distributions of all the biomarkers were right

skewed and the Kolmogorov–Smirnov statistic indicated that some of the

distributions of the biomarkers were not normal even after logarithmic

transformation. The Mann–Whitney test was used to compare the biomarkers

between HT and NT. Correlations between clinical parameters were assessed by

Spearman’s method in HTand in NT, separately. Next, the Mann–Whitney test

was also performed to compare the biomarkers between CA16 carriers and

CA16 non-carriers in HT and between CA16 carriers and CA16 non-carriers in

NT, separately. Statistical analyses were performed using the SPSS statistical

program (SPSS V15, SPSS Inc, Chicago, IL, USA).

RESULTS

Comparisons of clinical parameters between HT and NT
Clinical characteristics of HTand NTare summarized in Table 1. Body
mass index (BMI) and waist-to-hip ratio were significantly greater in
HT than in NT. Fasting plasma glucose, immunoreactive insulin levels
and homeostasis model assessment of insulin resistance index
(HOMA-R) were significantly higher in HT than in NT, whereas
hemoglobin A1c levels were similar between the groups. Triglyceride
concentrations were significantly higher in HT than in NT, and high-
density lipoprotein-cholesterol concentrations were significantly lower
in HT than in NT. Uric acid concentrations were significantly higher
in HT than in NT, whereas plasma sodium, potassium, creatinine and
urea nitrogen levels were similar between groups (data not shown).
These results clarify that HT were more insulin resistant than NT.
White blood cell count and high sensitivity CRP concentrations were
significantly higher in HT than in NT. Plasma TNF-a concentrations
were significantly lower in HT than in NT; however, sTNFR2 levels
were significantly higher in HT than in NT. These results indicate that
HT showed augmented inflammatory process through the TNF
pathway.

Correlations between clinical parameters
In HT, BMI was significantly correlated with SBP, DBP, HOMA-R,
immunoreactive insulin and CRP levels (r¼0.241, Po0.05; r¼0.267,
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Po0.01; r¼0.266, Po0.05; r¼0.271, Po0.01; and r¼0.264, Po0.05,
respectively). Similarly, HOMA-R was significantly correlated with
sTNFR2 concentrations in HT (r¼0.381, Po0.01). In NT, BMI was
significantly correlated with SBP, DBP, HOMA-R and immunoreactive
insulin levels (r¼0.389, Po0.0001; r¼0.290, Po0.01; r¼0.608,
Po0.0001; and r¼0.587, Po0.0001, respectively). Similarly,
HOMA-R was significantly correlated with CRP levels and sTNFR2
concentrations in NT (r¼0.229, Po0.05 and r¼0.423, Po0.0001,
respectively). Therefore, both in HT and NT, BP is related to insulin
resistance, which is tightly linked to altered TNF pathway.

TNFR2 gene polymorphisms and insulin resistance
Seven alleles (CA11 to CA17) were identified in the CA repeats of the
microsatellite marker in intron 4 of the TNFR2 gene in which
genotype frequencies satisfied the Hardy–Weinberg equilibrium. The
allele frequencies in HT significantly differed from those in NT
(P¼0.01, w2 analysis followed by Fischer’s exact test) (Table 2). The
common alleles were CA15 and CA16. The allele frequencies of CA15
and CA16 in HT differed markedly from those in NT (CA15, 76/184
vs. 85/156, P¼0.02 by w2 analysis, and CA16, 66/184 vs. 36/156,
P¼0.01 by w2 analysis). We focused on the relationship between
CA16 and HT. The odds ratio having the CA16 allele of HT compared
with NT is calculated as 52*48/30*40¼2.08 (95% confidence interval
1.12–3.85). Clinical characteristics of CA16 allele carriers and CA16
non-carriers are compared in HT and NT, separately. In HT, SBP,
HOMA-R, immunoreactive insulin and low-density lipoprotein-

cholesterol levels were significantly higher in CA16 carriers than in
CA16 non-carriers (Po0.001, Po0.001, Po0.01 and Po0.05, respec-
tively) and sTNFR2 showed a similar tendency (P¼0.1). In NT, CRP
and sTNFR2 levels were significantly higher in CA16 carriers than in
CA16 non-carriers (Po0.05 and Po0.05, respectively), although
plasma TNF-a concentrations were similar between the groups.

DISCUSSION

In this study, we confirmed that insulin resistance and the augmented
TNF pathway are tightly linked with severe hypertension with genetic
predispositions. In the TNF pathway, sTNFR2 is of clinical importance
in insulin resistance as well as in inflammation. We also showed that
the CA16 microsatellite polymorphism in intron 4 of the TNFR2 gene
is significantly associated with severe hypertension in a small sample
case–control study using the EDP design. The CA16 microsatellite
polymorphism in the TNFR2 gene is likely to be associated with
higher sTNFR2 concentrations and higher CRP levels in NT. These
findings suggest that the TNFR2 gene locus has a potential effect on
contributing to the enhanced TNF pathway and insulin resistance,
which could develop severe hypertension accompanied by athero-
sclerosis through an augmented inflammatory process. Several studies
have indicated that insulin resistance, in association with essential
hypertension, has a genetic component.12,13,23 However, only a few
studies have successfully shown that a mutation is associated with
phenotypes that are related to insulin resistance and associated with
hypertension.24–27 This study indicates that the CA16 microsatellite
polymorphism in the TNFR2 gene is a potential marker for severe
hypertension associated with insulin resistance.
As not only monocytes but also adipocytes express TNF-a, involve-

ment of the TNF-a pathway has been suspected in the pathogenesis of
hypertension, dyslipidemia and insulin resistance. Earlier studies have
shown that a higher concentration of TNF-a is associated with type 2
diabetes mellitus28 and that TNF-a production by adipose tissue is
accelerated in obesity.29 Recent studies have indicated that plasma
TNF-a is unstable and that sTNFR2 levels represent a more sensitive
marker of TNF pathway activity.11,28 Their findings for sTNFR2 are
consistent with this study. However, our finding that the TNF-a levels
were lower in HT than in NT is inconsistent with the earlier studies.
This might be attributable to the instability of TNF-a measurement
and the reciprocal influence of the higher sTNFR2 levels in HT. TNF-a
markedly upregulates the expression of TNFR2 mRNA at the lower
concentrations. TNFR2 is thought to mediate signaling by membrane-
bound ligands in immune and endothelial cells.30 When TNF-a binds
to TNF receptors, the receptor’s N-terminal extracellular domain is
shed to produce soluble TNF receptors. These receptors inhibit TNF

Table 1 Clinical characteristics of hypertensive patients and

normotensive controls

Hypertensive

patients

(N¼92)

Normotensive

controls

(N¼78)

P-value

by Mann–

Whitney

Clinical characteristics

Age (years) 48–55–60 53–55–60 0.22

Systolic BP (mm Hg) 170–182–192 104–109–117 o0.0001

Diastolic BP (mmHg) 110–112–123 66–71–75 o0.0001

Heart rate (beats min�1) 68–70–79 65–69–75 0.02

Body mass index (kg m�2) 24.1–25.3–26.8 20.9–22.2–23.9 o0.0001

Waist-to-hip ratio 0.88–0.91–0.92 0.85–0.88–0.91 0.02

Metabolic parameters

Glucose (mg per 100 ml) 101–110–122 90–96–104 o0.0001

IRI (U ml�1) 5.3–9.0–13.0 2.6–3.2–4.1 o0.0001

HOMA-R 1.4–2.5–3.6 0.62–0.76–1.1 o0.0001

Hemoglobin A1c (%) 4.7–5.0–5.2 4.7–4.8–5.1 0.53

TC (mg per 100 ml) 175–206–225 189–210–222 0.40

LDL-C (mg per 100 ml) 92–120–137 102–126–139 0.03

Triglyceride (mg per 100 ml) 95–131–194 62–84–155 o0.0001

HDL-C (mg per 100 ml) 43–50–53 51–58–68 o0.0001

Uric acid (mg per 100 ml) 6.1–6.5–7.2 5.3–6.0–6.5 o0.0001

Inflammatory factors

WBC count (�103/mm3) 5.2–5.9–6.1 4.6–5.3–6.1 o0.0001

CRP (ngml�1) 0.35–0.66–1.62 0.20–0.28–0.61 o0.0001

TNF-a (pgml�1) 1.3–1.8–2.5 1.8–2.3–3.0 0.001

Soluble TNFR2 (ngml�1) 1.62–1.85–2.53 1.42–1.57–1.72 o0.0001

Abbreviations: BP, blood pressure; CRP, high-sensitivity C-reactive protein; IRI, immunoreactive
insulin; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high-density lipoprotein-cholesterol;
HOMA-R, homeostasis model assessment of insulin resistance index; NS, not significant; TC,
total cholesterol; TNF, tumor necrosis factor; TNFR2, tumor necrosis factor type 2 receptor;
WBC, white blood cell.
Data are expressed as 25 percentile—median—75 percentile.

Table 2 Allele frequency of the CA repeats in intron 4 of the TNFR2

gene in hypertensive patients and normotensive controls

CA repeats

Hypertensive patients

(N¼92, 184 alleles)

Normotensive controls

(N¼78, 156 alleles) P-value

CA11 18 (10%) 11 (7%)

CA12 2 (1%) 2 (1%)

CA13 3 (2%) 1 (1%)

CA14 7 (4%) 9 (6%) 0.01

CA15 76 (41%) 85 (54%)

CA16 66 (36%) 36 (23%)

CA17 12 (7%) 12 (8%)

Abbreviation: TNFR2, tumor necrosis factor type 2 receptor.
P-value was assessed by w2 analysis followed by Fischer’s exact test.
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effects at high concentrations of TNF-a but increase the long-term
effects of TNF-a at lower concentrations by sequestering TNF to its
membrane receptors. The balance between TNF-a and the sTNF
receptors apparently has an important role in the regulation of the
TNF pathway. Recent studies have reported that TNFR2 is significantly
correlated with insulin resistance, HOMA-R and BP.10,31 BMI and
HOMA-R were significantly greater in HT than in NT. Even if we
restricted the inclusion criteria to BMI less than 28 kgm�2, the results
were similar (data not shown). Therefore, higher sTNFR2 levels are
likely to represent an augmented TNF pathway and inflammatory
process, which lead to insulin resistance and severe hypertension.
We readily acknowledge that with so many false-positive reports

having been published in genetic association studies, small numbers of
the patients are frequently criticized. Although we cannot deny the
statistical possibility of a type I error, a significant relationship between
the genotype and the series of biologically related intermediate
phenotypes supports our hypothesis. Although the process of estimat-
ing the prior probability includes subjectivity, the results of one
positive case–control study and another larger marginal study indicate
the prior probability of this situation as around 0.1, not as 0.01,
according to the examples Wacholder et al. presented.15–17 As the odds
ratio was 2.08 in this study, false-positive report probability is
estimated as less than 0.5, which is considered as a borderline thresh-
old (power¼0.3). How have we overcome the borderline threshold of
false-positive report probability despite the small sample size? The
association study using the EDP design could enhance the statistical
power more than double when both the upper and lower selection
areas were less than 10 percentile.18–20 Therefore, the power of this
study is estimated as 40.6. Furthermore, although the probability of
misclassification between case and control is an annoying issue in
measuring phenotypes with large variations such as BP, the EDP
design will decrease the possibility of misclassification. In addition, the
allele frequency of CA16 is higher in our study than in the Speir study
(30 vs. 23%). Higher allele frequency is advantageous to detect
statistically marginal significance. A weak point of this study lies in
the process of sampling NT. Although we randomly selected age- and
sex-matched NT who satisfied stringent criteria for the BP level
(SBPo120 and DBPo80mmHg) and the negative genetic predis-
position to hypertension in the same University Hospital, some
uncontrolled biases might have influenced the results. BMI was not
matched between HT and NT because we focused on the EDP design
according to BP levels and the genetic predispositions to hypertension.
It remains unclear whether the observed association of the CA16
microsatellite polymorphism of the TNFR2 gene with HTwas because
of the direct effect of this polymorphism on BP or the indirect effects
through confounding factors including the insulin resistance and the
inflammation. Although our observation implied that the latter
interpretation was more likely, this issue should be clarified in future
studies. In some genes, the length of CA repeats, especially in intron 1,
may have a role on gene expression and pathogenesis of genetic
diseases.32,33 We cannot rule out the possibility that other genes in
linkage disequilibrium with CA16 might be components of severe
hypertension through the disturbed TNF pathway and insulin resis-
tance. Our findings are limited to male severe hypertension, whereas it
is extremely difficult to enroll female patients using the EDP design at
a similar age. Menopause substantially influences blood pressure
regulation. Therefore, we should investigate the association using
other polymorphisms of the TNFR2 gene and other populations in
the future.
In conclusion, insulin resistance is associated with severe hyperten-

sion, possibly through an altered TNF pathway. The CA16 micro-

satellite polymorphism of the TNFR2 gene is a potential marker of
severe hypertension with insulin resistance. A case–control association
study using the EDP design is an efficient approach to re-explore the
possible genetic association.
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