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Cardiovascular risk factors
Prevalence (%)

Malaysia2 Other countries4

Age, years (mean/median) 58.5 65
Hypertension 65.0 52

Smoking 38.0 62
Diabetes mellitus 45.8 21

Dyslipidaemia 37.4 38

Male 78.8 70

Family history 13.2 -

Body mass index (mean (SD)) 26.1 (4.3) -

1World Health Organisation (2008); 2National Cardiovascular disease-Acute coronary syndrome Registry 2011-
2013; 3Hoo et al (2016); 4Global Registry of Acute Coronary Events 1999-2009 
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Age group 
(years)

Prevalence of hypertension (%)2 Ratio 
unknown:knownKnown Unknown

18-19 0.7 6.0 8.6
20-24 1.9 7.5 3.9
25-29 2.8 10.4 3.7
30-34 3.9 12.0 3.1
35-39 5.8 18.1 3.1
40-44 11.9 20.3 1.7
45-49 15.0 23.8 1.6
50-54 23.1 26.2 1.1
55-59 29.3 26.2 0.9
60-64 37.1 27.9 0.8
65-69 39.1 28.7 0.7
70-74 50.4 25.0 0.5
≥ 75 46.1 27.3 0.6

2National Health and Morbidity Survey 2015
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Y. Matsuoka, X. Li and V. Bennett Membrane skeletal protein adducin886

Figure 2. A model of adducin monomer based upon [22, 24]. The
calmodulin-binding domain is indicated as a solid box, and the
amino acid sequences of the C-terminal MARCKS-related do-
main of !, " and # adducin are also presented. The major
phosphorylation sites of PKA, PKC and Rho-kinase are indicated
by asterisks. The phosphorylation sites of PKC identified in the
MARCKS-related domain are underlined. PKA and Rho-kinase
preferentially phosphorylate the Ser/Thr residues, which are indi-
cated with their residue numbers, in and close to the neck domain
of ! adducin.

sary for adducin activities, and no monomeric adducin
has been observed in all types of cells tested so far [18,
29]. Oligomerization sites of adducin are located in the
neck domain and probably in the head domain as well
[25, 29 and also see below].
There is little information regarding functions of the
head domain, even though this is the most conserved
domain among adducin subunits. It is noteworthy that
this domain shows sequence similarity to Escherichia
coli fuculose-1-phosphate aldolase (AAC75842). This
enzyme has a zinc binding site, and three of the histidi-
nes involved in metal coordination are conserved in the
adducin head-domain sequence. The residue required
for catalysis is not conserved in adducin, suggesting that
adducin is not an enzyme of this type. These consider-
ations suggest that adducin will require zinc ion for
function of the head domain, and that previous in vitro
studies conducted with EDTA-containing buffers may
have inactivated the head domain.

In vitro activities and regulation

Adducin preferentially recruits spectrin to the fast-grow-
ing ends of actin filaments. The activities of adducin
determined in in vitro assays have included recruiting
spectrin to actin filaments [19, 25, 30], bundling actin
filaments [31, 32] and capping the fast-growing ends of
actin filaments [14]. Each of these individual adducin
activities may reflect different aspects of adducin func-
tions in living cells. It is likely that actin-capping and
spectrin-recruiting activities are two aspects of one ad-
ducin/actin interaction and that spectrin is recruited by
adducin to the ends and sides of actin. These hypothe-
ses are supported by the observation that both actin-
capping and spectrin-recruiting activities are inhibited
by calmodulin binding [14, 19] and by protein kinase C
(PKC) phosphorylation [33].
Our laboratory has recently reported that adducin pro-
motes recruitment of spectrin to gelsolin-sensitive sites
at fast-growing ends of actin filaments with a half-max-
imal activity of 15 nM, and to gelsolin-insensitive sites
with half-maximal activity of 75 nM [29]. Adducin also
exhibits a preference for actin filament ends in direct
binding assays; the half-maximal concentration for
binding to filament ends is 60 nM, whereas the Kd for
total actin binding is 1.5 !M. The concentration of
adducin of 60 nM required for half-maximal binding to
filament ends is in the same range as the concentration
of 150 nM required for half-maximal actin-capping
activity [29]. These results are summarized in a sche-
matic model in figure 3.
The activities of adducin imply that an important role
of adducin in cells is to form a complex with the
fast-growing ends of actin filaments that recruits spec-

MARCKS-related domain that has high homology
to myristoylated alanine-rich C kinase substrate
(MARCKS) protein. The MARCKS-related domain
has clusters of lysine residues and is highly conserved
among the three adducin subunits.
! adducin has been mapped by positional cloning to
human chromosome 4p16.3 [26]. The human ! adducin
gene contains 16 exons and spans about 85 kb of
genomic DNA. Two alternatively spliced isoforms of !

adducin have been identified. One ! isoform results
from a 93-base insertion in between codons 471 and
472, resulting in inclusion of an alternatively sliced exon
(exon 15). The second alternatively spliced form intro-
duces 3 bp within codon 621, disrupting the reading
frame, and introducing a stop codon after 11 novel
amino acids [26].
Human " adducin has 13 exons and is localized to
chromosome 2p13–p14 [27]. Isoforms of " adducin can
be divided into two groups: members of group 1 all
contain the MARCKS-related domain, whereas mem-
bers of group 2 lack this domain [28]. In both groups,
there are three identical splices which have deletion of
exons 6–9, deletion of exons 2–6 and deletion of exons
2–8.
Adducin isolated from erythrocytes is a mixture of
heterodimers and heterotetramers [25]. Adducin
oligomers in erythrocytes comprise !/" subunits, and in
other cells include !/# as well as !/" combinations of
subunits [18, 23]. Oligomerization appears to be neces-

(Matsuoka et al, 2010)

𝛼 - A D D U C I N  (A D D 1)
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- Adducin is a cytoskeletal 
protein

- Exists as α–γ and α–β
heterodimers

- Tail – important 
interaction site with other 
proteins

ADD
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ADD1 References into Functions References

Polymorphism Gly460Trp polymorphism is associated with Essential Hypertension in a Caucasian population 
from Madeira Island.

Sousa et al. (2017)

rs4963 polymorphism showed an increased hypertension risk. Qu et al. (2017)

G460T polymorphism is associated with essential hypertension. Soualmia et al.(2016)

The T allele is associated with essential hypertension in Asians. Liao et al. (2016)

No difference in Gly460Trp polymorphism between control and pediatric hypertensive group. Kaplan et al. (2015)

G614T polymorphism is associated with  essential hypertension in Chinese patients. Wang et al. (2015)

rs4961 has a protective role in development of EH; interactions between alcohol consumption Han et al. (2016)

rs4963 polymorphism is associated with essential hypertension in the Chinese population Zhang et al. (2013)

G460W gene polymorphism was linked to essential hypertension Li (2012)

G460W polymorphism was associated with hypertension in female Japanese subjects. Shioji et al (2010)

G460W polymorphism as predisposition gene to hypertension among Russians, but is influenced 
by environmental factors.

Polonikov et al. (2012)

Null association of G460T with hypertension in Chinese. Niu et al. (2011)
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ADD1 References into Functions References

Polymorphism Gly460Trp polymorphism might increase the risk of hypertension in Han Chinese populations. Liu et al. (2011)

Genetic variation in ADD1 alter renal function and/or vasoreactivity Alioglu et al. (2011)

Gly460Trp polymorphism is associated with salt-sensitivity. Wang et al. (2010)

460Trp allele was associated with lower levels of central systolic pressure and pulse pressure in 
JingNing population.

Guo et al. (2010)

Role for the ADD1 variants in blood pressure salt sensitivity Kelly et al. (2010)

rs4961 polymorphism is associated with essential hypertension Gong et al. (2010)

TT genotypes might be genetic susceptibility factors to hypertension accompanying renal injury. Lu, Chen & Yu (2010)

Gly460Trp polymorphism is significantly associated with an increased risk of coronary artery 
disease as well as blood pressure in Koreans

Cha et al. (2010)

G460W polymorphism influences blood pressure when BMI and sex are taken into account Fava et al. (2010)

Gly460Trp polymorphism is associated with low renin hypertension. Sugimoto et al. (2010)

The ACE I/D, alpha-adducin Gly460Trp and aldosterone synthase -344C/T polymorphisms 
interact to influence SBP in Chinese.

Wang et al. (2010)

Mutation Increased CFTR surface expression and activity in HEK (G460W) and cultured rat distal 
convoluted tubule cells (F316Y).

Mondini et al. (2013)
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ADD1

SODIUM 
HANDLING
Sodium retention
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Mutated ADD variant induced constitutive reduction of the 
Na/K pump endocytic rate (Torielli et al., 2010).

Physiological interaction between the ADD1 and WNK1-
NEDD4L pathways influences the effects of variants in these 
genes on Na-related BP regulation. (Manunta, Lavery et al., 
2010).

Patients with ADD1 Trp alleles are sensitive to salt and tubular 
Na reabsorption remains elevated after volume expansion 
(Manunta, Milliard et al. 2010).

ADD1 Trp460Trp genotype is significantly associated with 
reduced renal plasma flow and glomerular filtration rate. 
(Beeks et al, 2010).
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ADD1 METHYLATION IN ESSENTIAL HYPERTENSION 

HYPOMETHYLATED

Chinese adults with 
essential 
hypertension 
(Zhang et al., 2013).

HYPOMETHYLATED

Middle-age Egyptian 
with essential 
hypertension 
(Bayoumy et al. 2017).

INTERACTION WITH 
ALCOHOL

Modifies EH 
susceptibility in Han 
Chinese adults (Han 
et al., 2015). 
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R E S E A R C H   O B J E C T I V E S

1

2

3

To investigate  the 
association between 
DNA methylation of 

the promoter of a-
adducin 

(ADD1) with 
blood pressure in 

young adults

To investigate the 
association between the 
level of DNA methylation 

of the promoter of 

ADD1, and other 
covariates, with blood 
pressure in young adults

To investigate the 
association between 

level of ADD1 
methylation with the 

gene 
expression level.
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Values adopted 
from previous 
methylation 
study by Mao 
et al (2017)10
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01
ETHICAL 

APPROVAL
Medical Research 
Ethical Committee 
(NMRR-16-2572-

32869)
Institutional 

Research Ethic 
Committee 
(IREC544)) 

02
RECRUITMENT

N = 80 for 
each Nt and 

Hpt group 15

Inclusion criteria Exclusion criteria

1. Age 18–45 years as 
determined by the year of 
birth

2. Consented

1. Previous or current diagnosis of hypertension and/or current use 
of anti–hypertensive medication 

2. History of ischemic heart disease as reported by subject
3. History of Type 1 or 2 diabetes mellitus as reported by subject
4. History of chronic renal failure as reported by subject or serum 

creatinine more than 112 mmol/L as reported by subject
5. Current use of steroid medication or history of conditions hyper–or 

hypocortisolism as reported by subject including but not limited to 
Cushing’s syndrome

6. Female subjects who are pregnant as reported by subject
7. Female subjects who are on hormonal contraception as reported 

by subject

Blood pressure class according to 
CPG 4th ed17 and JNC718

Systolic blood pressure 
(mmHg)

Diastolic blood pressure 
(mmHg)

Normotension (Nt) < 120 and < 80
Hypertension (Hpt) ≥ 140 and/or ≥ 90
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ADD1 gene expression study
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ADD1 methylation
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Sociodemographic aspect

Blood pressure status

p–valueNt Htn
Age (years)Φ 31 (7) 35 (6) <0.001c

MaleY 40 (39.6) 61 (60.4) 0.001a

MalayY 78 (53.1) 69 (46.9) 0.016a

Education levelY Primary 0 (0.0) 1 (100.0) 0.006b

Secondary 12 (30.8) 27 (69.2)
Tertiary 68 (56.7) 52 (30.1)

SmokingY 13 (39.4) 20 (60.6) 0.171a

Consume alcoholY 1 (12.5) 7 (87.5) 0.030b

Body mass index (kg/m2)Φ 25.2 (5.6) 29.4 (5.0) <0.001c

Body mass index 
categoryY

Underweight/Normal (<23 kg/m2) 31 (93.9) 2 (6.1) <0.001a

Overweight (23–27.49 kg/m2) 28 (47.5) 31 (52.5)

Obese (≥27.5kg/m2) 21 (30.9) 47 (69.1)
Waist circumference (cm)Φ 84.9 (10.5) 94.5(13.3) <0.001c

Female 83.4 (11.6) 85.8(10.0) 0.446c

Male 86.4 (9.1) 97.3(13.0) <0.001c

Note ΦMean(standard deviation). Yn( %). aAnalysed using Chi–squared test, bAnalysed using Fisher’s exact test, c Analysed using 
student’s t-test. Body mass index status is according to World Health Organisation recommendation for Asian population.
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Biochemical profile
Blood pressure status

p–valueNt Htn
Creatinine (µmol/L)Ω 66.0 (27.0) 77.50(30.0) 0.032a

Fasting blood glucose (mmol/L)Φ 4.8 (0.5) 5.0(0.56) 0.043b

HbA1c (%)Φ 5.3 (0.3) 5.5(0.3) <0.001b

Total cholesterol (mmol/L)Φ 5.51 (0.92) 6.01(1.08) 0.002b

HDL–cholesterol (mmol/L)Ω 1.41 (0.43) 1.21(0.34) <0.001a

LDL–cholesterol (mmol/L)Ω 3.43 (1.28) 3.89(1.09) 0.002a

Triglycerides (mmol/L)Ω 0.95 (0.67) 1.68(1.04) <0.001a

TC/HDL ratioΩ 3.95 (1.4) 4.85(1.7) <0.001a

Cortisol (nmol/l)Ω 254.0 (177.0) 314.5(159.0) 0.014a

hsCRP (mg/l) Ω 0.9 (2.1) 2.6(4.8) <0.001a

Note Φmean (standard deviation). Ω median (IQR). aAnalysed using Wilcoxon-Mann-Whitney test, bAnalysed using 
student’s t-test. HbA1c glycated haemoglobin. HDL high density lipoprotein. LDL low density lipoprotein. TC/HDL ratio total 
cholesterol to HDL ratio, HsCRP high sensitivity C-reactive protein.



R E S U L T S |Association between ADD1 methylation and blood pressure
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p = 0.006, r = –0.240 p = 0.001, r = –0.291 p = 0.002, r = –0.270

SBP DBP MAP
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Error-bars indicate standard deviation. Difference in mean were analysed 
by student’s t-test. 
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Error-bars indicate standard deviation. Difference in mean were analysed 
by student’s t-test. 

P = 0.011

Hpt 🚹 < Nt 🚹

R E S U L T S |Association between ADD1 methylation and blood pressure
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Variable
Hypertensiona

p OR
95 % C.I. of OR
Lower Upper

ADD1 methylation 0.008 0.516 0.316 0.844
Age 0.006 1.110 1.031 1.194
BMI <0.001 1.207 1.094 1.331
Creatinine 0.730 1.006 0.970 1.044
FBG 0.799 1.174 0.383 3.596
LDLC 0.316 1.326 0.764 2.304
Femaleb 0.080 0.305 0.081 1.154
Non–smokerc 0.708 0.795 0.240 2.633

aCompared to normotension, bcompared to male, ccompared to current smoker. 
B = coefficient, S.E. = standard error, df = degree of freedom, p = significance, OR = odd ratio, CI = confidence interval. 
BMI = body mass index, FBG = fasting blood glucose, LDLC = low-density lipoprotein cholesterol. 
Classification table: 80.3% correct. Nagelkerke R square, p = 0.461, Cox & Snell p = 0.344. Hosmer lemeshow 0.165

R E S U L T S|Association between ADD1 methylation and blood pressure
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Variable
Female, hypertensiona Male, hypertensiona

p OR
95 % C.I. of OR

p OR
95 % C.I. of OR

Lower Upper Lower Upper
ADD1 methylation 0.803 0.866 0.280 2.683 0.024 0.509 0.282 0.916
Age 0.065 1.205 0.989 1.468 0.007 1.138 1.036 1.250
BMI 0.296 1.103 0.918 1.326 <0.001 1.317 1.131 1.533
Creatinine 0.846 1.102 0.899 1.138 0.570 1.012 0.971 1.054
FBG 0.641 1.960 0.118 32.280 0.546 0.650 0.160 2.632
LDLC 0.058 3.888 0.953 15.858 0.689 0.867 0.430 1.746

Non-smokerb 0.608 0.714 0.197 2.587

aCompared to normotension, bcompared to current smoker. 
B = coefficient, S.E. = standard error, df = degree of freedom, p = significance, OR = odd ratio, CI = confidence interval. 
BMI = body mass index, FBG = fasting blood glucose, LDLC = low-density lipoprotein cholesterol. 

R E S U L T S|Association between ADD1 methylation and blood pressure



R E S U L T S | Association between ADD1 methylation and gene expression

27

Graph was generated by CFX Manager ver 3.0 (BioRad, USA).  Error bar indicates 
standard deviation. 

2.0x, p=0.031Gene 
expression 
of ADD1 
normalised to ACTB
and GAPDH Hpt (n=10) Nt (n=10)
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Gene expression of ADD1 normalised to ACTB
and GAPDH in low–methylated samples (n = 5)

Gene expression of ADD1 normalised to ACTB
and GAPDH in high–methylated samples (n = 5)

P=0.446 2.8x, p=0.013

Hpt Nt Hpt Nt

Expression normalised to normotension group (Nt). Graph was generated by CFX Manager ver 3.0 (BioRad, USA).  Error bar indicates
standard deviation. 

R E S U L T S | Association between ADD1 methylation and gene expression



D I S C U S S I O N

29

ADD1 
methylation in 
🚹 Hpt

ADD1 
expression in 
high-methylated
Hpt

ADD1 
hypomethylation ⬆ ADD1 expression

Altered 
Na/K/ATPase 

ac[vity
⬆Na reabsorp[onEstrogen (-) methylation 

changes

⬇ CV risk in 
premenopausal 

🚺

1st 
study

comparing ADD1 methyla[on in Hpt 
young adults

Findings are in 
agreement with 

previous studies among adults7,8

7Zhang et al (2013); 8Bayoumy et al (2017)
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L I M I T A T I O N  

Cross-sectional design
Cause & effect is not certain01 Longitudinal study

or experimental animal study
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