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ABSTRACT

Metabolic syndrome, syndrome X, which is reaching epidemic proportions in
population, is a cluster of insulin resistance and/or type-I1 diabetes mellitus with two
or more of hypertension, dyslipidemia, central obesity and albuminuria in an
individual patient. Genetic predisposition for metabolic syndrome was, to large
extent, believed to be an important aspect in its pathogenesis. The renin-angiotensin
system (RAS) genes are proposed as important genetic factors for diabetic
complications. Therefore, the angiotensin converting enzyme (ACE) gene
polymorphisms (I, ID or DD), which is an important component of RAS genes, might
be included in the pathogenesis of metabolic syndrome and is a candidate gene for
investigation in metabolic syndrome. We aimed to study the possible ACE genotyping-
plasma ACE activity-metabolic syndrome relationship, and to assess the possible role
of ACE genotyping in the pathogenesis of variable components of metabolic
syndrome. This study is also a trial to take the distribution of ACE-I/D genotype
among subjects as a possible risk marker for metabolic syndrome. ACE genotypes
were determined by PCR amplification, and plasma ACE activity was measured by
colorimetric method in 100 subjects (40 metabolic syndrome patients diagnosed
according to WHO criteria, 30 type-Il diabetic patients without any other criteria of
metabolic syndrome, and 30 healthy controls). Insulin resistance was judged by
homeostasis model assessment (HOMA) index after estimation of fasting blood
glucose and plasma insulin. Moreover, HbA,, plasma lipids including total
cholesterol, LDL-c, HDL-c, triglycerides and APO-A were assessed.
Microalbuminuria was determined by dipstick method. The indices body mass index
(BMI) and waist:hip ratio (WHR) were used to differentiate obese from non-obese
subjects. ACE-DD genotype and D-allele were found more frequent among metabolic
syndrome patients (Odds ratios werel.25 and 1.16 respectively) and among type-II
diabetics (Odds ratios werel.25 and 1.10 respectively) than among healthy controls;
and more frequent among metabolic syndrome patients than among type-11 diabetic
patients (Odds ratios were 1.10 and 1.32 respectively). The plasma ACE activity was
found significantly higher in patient's groups compared to healthy subjects and in
metabolic patients compared to diabetics. Also, it was significantly and positively
correlated to HOMA index in both metabolic syndrome and diabetic patients. The
plasma ACE also in overall studied subjects had direct significant correlation with
FBG, HbA;, plasma insulin, HOMA index, TC, LDL-c, and TG; and indirect
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significant correlation with HDL-c and APO-A. Moreover, in the three studied groups
DD genotype subgroups had a statistically significant increase in plasma ACE
activity, FBG, HbA., plasma insulin, HOMA, total cholesterol, LDL-c, and
triglycerides and a significant decrease in HDL-c and APO-A compared to Il
genotype subjects. Lastly, the ACE-DD genotype was associated with hypertension
and with microalbuminuria than any of Il genotype (Odds ratios were 3.50 and 6
respectively) and ID genotype (Odds ratios were 2.33 and 1.29 respectively); but not
associated with obesity.

In conclusion, ACE Deletion Polymorphism; DD genotype was associated with
metabolic syndrome and type-Il diabetes mellitus as well as with obvious increase in
plasma ACE activity. All components of metabolic syndrome, except obesity were
more aggressive when the ACE genotype was DD. Therefore, ACE may be a strong
genetic risk factor that is involved in the pathogenesis of metabolic syndrome with
type-11 diabetes. Moreover, by detection of DD genotype, we can predict the higher
possibility of occurrence of metabolic complications in type-Il diabetics in the future
and suggest early interventions to delay or prevent these complications.

INTRODUCTION obesity, high cholesterol, and arterial
hypertension?.

WHO® proposed a working Various  genetic factors in

definition of metabolic syndrome or combination with specific

insulin resistance syndrome as an environmental factors are believed to

association of impaired glucose attribute to metabolic syndrome.
tolerance, diabetes mellitus and/or Genes for [,- and Bs-adrenergic
insulin resistance with two or more of receptors, lipoprotein lipase, hormone
the following components: sensitive lipase, peroxisome
hypertension, dyslipidemia, central proliferator-activated receptor-y,

obesity, and microalbuminuria. Then,
the NCEP and ATP I modified
the WHO cut-off values and definition
(required the presence of 3 of 5 of:
abdominal obesity, hyper-
triglycedidemia, low HDL-c,
hypertension, and impaired glucose
tolerance based on measuring FBG).
IDF® again proposed that abdominal
obesity is diagnostic of metabolic
syndrome if associated with 2 or more
of ATP III criteria.

Metabolic syndrome is a cluster
of metabolic abnormalities including
the most dangerous risk factors for
cardiovascular  diseases:  glucose
intolerance and diabetes, abdominal

insulin receptor substrate-1, and
glycogen synthase are among several
candidate genes involved in the
metabolic syndrome®.

Important genes that, by genetic
studies, were proposed to be important
factors for diabetic complications are
those of renin-angiotensin system
(RAS), the system that has been
documented as an important regulator
of Dblood pressure and renal
homeostasis. Of these RAS genes, is
the gene coding for the dipeptidyl
carboxypeptidase (a zine
metallopeptidase) termed angiotensin-
I-converting enzyme (ACE); or
kininase II. This enzyme act to
hydrolyze angiotensin-I to the potent




Bull. Egypt. Soc. Physiol. Sci. 31 (2) 2011

Fawzy et al.

vasopressor and aldosterone-
stimulating angiotensin-II, as well as
to  inactivate the  vasodilator
bradykinine”.

The ACE gene has 26 exons and
span 21kb on chromosome 17, with
polymorphism consisting of either the
presence (insertion; I allele) or
absence (deletion; D allele) of 287 bp
base pair DNA fragment within the
intron 16, giving three ACE
genotypes: DD genotype, II genotype,
and the ID genotype”.

As regard the ACE genotyping, it
was found that the D allele is
associated with higher serum ACE
activity®; and I/D polymorphism is
associated with: diabetes?,
hypertension®”,  coronary  heart
disease™  and  with  diabetic
nephropathy"'?,  Therefore, ~ACE
might be a candidate gene for
metabolic syndrome.

So, by comparing ACE
genotyping and activity among
healthy subjects, type-II diabetics, and
those with the cluster of the metabolic
syndrome, we tried to demonstrate if
there is an association between
metabolic syndrome and the ACE
genotyping and activity, whether the
ACE polymorphism participate in the
pathogenesis of various metabolic
syndrome's components, and to show
the distribution of ACE genotypes
among the studied groups.

SUBJECTS & METHODS

One hundred subjects, with the
same social and economic levels, were
enrolled in this study. They were
termed as the following:

1. Control group (Group I):
including 30, completely healthy,

subjects (14 males and 16

females). Their ages ranged

between 42 and 63 years with

mean value + SD of 52.03 + 6.40.
2. Type-II diabetic group (Group

II): comprising 30 patients with

type-11 diabetes mellitus,

according to ADA criteria®®
without any other criteria of
metabolic syndrome. The patients
were 17 males and 13 with age
ranging from 42 to 65 years and

with a mean value + SD of 52.20

+6.69.

3. Metabolic syndrome group
(Group [III): enrolling 40
patients (20 males and 20
females) between 47 and 63 years
with a mean value + SD of 52.97
+ 5.46. These patients were
selected from endocrinology
outpatient clinic according to
WHO criteria of metabolic
syndrome®.

4. Patients with renal or hepatic
disease, patients on ACE inhibitor
medication and/or smoker were
excluded from this study.

After full history was taken,
complete clinical examination was
performed and routine laboratory
investigations were done. Fasting (12
- 14 hrs) blood samples were collected
and divided into three tubes; EDTA
tubes (whole blood for ACE
genotyping and HbAc assay, and
EDTA plasma for insulin
determination), fluoride/oxalate tubes
(plasma for glucose estimation) and
plain  tubes (sera  for  other
investigations). Morning urine
samples were collected for
microalbumin assessment. Plasma,
serum and urine and samples were
stored at -20°C** until analysis.
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1- ACE genotyping”:

DNA was extracted from whole
blood samples using E.Z.N.A. blood
DNA kit (supplied by Omega Bio-
Tek) according to the protocol
provided by the manufacturer.

The ACE I/D gene polymorphism
from DNA samples was determined
by polymerase chain reaction (PCR)
according to the method described by
Lee and Tsai"™®. The primers
sequences were (F:5’-CTG GAG
ACC ACT CCC ATC CTT TCT-3")
and (R:5’-GAT GTG GCC ATC ACA
TTC GTC AGA T-3°).

The reactions were transferred to
the thermal cycler PTC-100 machine
(M1J Research, Inc., Watertown, Mass.
USA) and subjected to an initial
denaturation at 94° C for 10 minutes
followed by 35 cycles of (94° C for 1
minute, 60° C for 1 minute, 72° C for
1 minute) then final extension step at
72° C for 5 minutes.

After PCR, the samples were
separated by 2% agarose gel
electrophoresis, stained with ethidium
bromide and photographed for the
amplification study. The agarose gel
showed an amplification band of 190
bp in samples with the homozygous
DD genotype, a band of 490 bp in
samples with the homozygous II
genotype and two bands of 490 and
190 bp in samples with the
heterozygous ID genotype.

2- ACE activity assay: It was
assessed by colorimetric method
according to Hurst and Lovell-
Smith™® using Spectronic 3000
Array, Milton-Roy, USA. The
kits ~were purchased from
Buhlamann laboratories AG,
Switzerland.

3-

4-

Lipid profile assay: Enzymatic

method  was  applied  for

determination of triglycerides”,
total cholesterol"™® and high
density lipoprotein cholesterol

(HDL-¢)™.  According  to

Friedwald et al.?”, low density

lipoprotein cholesterol (LDL-c)

was calculated by the equation

that [LDL-c = total cholesterol —

(HDL-c + TG/5)]. Apolipoprotien

A-1, as an index of dyslipidemia,

was also measured by

immunoturbidometric assay®".

Detection of microalbumiuria:

This was done by Micral test, a

test strip for immunochemical,

semiquantitative  determination
for microalbuminuria® using
strips, kit supplied by Roche

Diagnostics Ltd.

Glycemic indices:

a- Fasting plasma glucose was
determined by enzymatic
oxidase method®.

b- Glycosylated  hemoglobin
(HbA () was assayed
according to Bisse and
Abraham®?,

c- Fasting plasma insulin was
measured by ELISA using
monoclonal antibodies
directed against  distinct
epitopes of insulin according
to Temple, et al. ™. The kits
are provided from
BISOURCE, Belgium.

d- Assessment of  insulin
resistance by homeostasis
model assessment (HOMA)
index that is calculated from
the following formula:

* HOMA index= fasting
insulin (uU/ml) x fasting
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plasma glucose
(mmol/1)/22.5.
= HOMA index >1.46 is an
indication  of  insulin
resistance®.
Statistical analysis:

Statistical analysis was performed
using the computer software statistical
package of social science (SPSS 10.0,
1999 SPSS Inc.); data were expressed
as mean =SD.

Comparison between data of
different groups was done using one-
way ANOVA followed by multiple
comparison for significance of
difference (Least significant
difference; LSD), whereas the non
parametric values were compared by

500 bp —s

200 bp ——»

the test Chi-square. Universal
correlations were performed using
Pearson correlation and p value <0.05
was considered statistically
significant.

To detect the likelihood of an
event between 2 groups the Odds ratio
was calculated by the dividing the
odds in the exposed group by the odds
in the control group.

RESULTS

The ACE I/D genotyping was
demonstrated in figure (1). Our results
were shown in table (1) up to table (8)
and in figure (2).

Figure (1): The Angiotensin converting enzyme I/D genotyping. The figure shows a
2% agarose gel, stained with ethidium bromide, of I/D PCR genotyping reactions.
(Lane 1) DNA ladder. (Lanes 2,3 and 4) ID heterozygote, showing amplification of
two bands. (Lanes 5,6) DD homozygote showing amplification of only the 190-bp
band. (Lanes 7,8) I homozygote, identified by presence of 490-bp band and absence

of 190-bp band




Bull. Egypt. Soc. Physiol. Sci. 31 (2) 2011

Fawzy et al.

Table (1): Distribution of Angiotensin converting enzyme genotypes and allele

frequencies in overall studied groups (above) and between studied groups (be!ow)

Genotype | Allele
I ID DD
GO No | No | No | A w | I(0/) NoI()“/) N
%) | (%) | (%) ’ ’
All studied 38 43 19 o 81
subjects (38%) | (43%) | (19%) 9.62 | <0.05 | 119(59.5%) (40.5%) 7.22 | <0.05
Genotype Allele
I ID DD 1 D
No (%) No (%) No (%) No (%) | No (%)
Group I o 12 o 38 22
(control) 13M3:3%) 1 4000 | 2 AO79) | (633%) | (36.7%)
Group II (type o 11 o 37 23
2 diabetics) 13(43.3%) | (36 704y | ©CO0%) | 61 704y | (38.3%)
Group III 20 36
. 0 0, o
(metabolic 12 (30.0%) (50.0%) 8(20.0%) | 44 (55%) (45%)
syndrome)
X 0.53 3.39 0.73 0.72 4.51
P >0.05 >0.05 >0.05 >0.05 >0.05
*Insertion: I allele *Deletion: D allele
Table (2): Odds ratio (OR) of Angiotensin converting enzyme genotypes and allele
frequencies between studied groups _
Genotypes Allele
11 ID DD | D
G OR| CI |[OR| CI |[OR| CI (fOR | CI | OR Cl
roups
Group I vs. group II
0.32- 0.27- 0.28- 0.42- 0.48-
(C(‘)ntro‘l VvS. 1 315 0.87 279 1.25 590 0.93 208 1.10 2 40
diabetics)
Group I vs. group 034-
I 0.18- 0.52- 0.31- ‘ 0.67-
(Control vs. 0771 160 | 12 | 438 | 12| 547 [O70] L | 116] 597
. 48
metabolic pts.)
Group II vs. group
11 0.18- 0.59- 0.45- 0.36- 0.63-
(Diabetics vs. 0.56 1.69 173 5.10 110 2.38 0.76 1.59 1.32 2.67
metabolic pts.)

*OR>1 means +Ve association or risk.
*CI: 95% confidence interval.

*OR: Odds ra;io.
*Insertion: I allele




Bull. Egypt. Soc. Physiol. Sci. 31 (2) 2011

Fawzy et al.

*Deletion: D allele
Table (3): Effect of Angiotensin converting enzyme genotype on components of
metabolic syndrome in the metabolic syndrome group

Obesit Hypertension Microalbuminuria
Genotype N N | N(%) N (%)
11 12 10 (83.3%) 8 (66.0%) 4 (30.0%)
1D 20 15 (75.0%) 15(75.0%) 14(70.0%)
DD 8 6 (75.0%) 7 (87.5%) 6 (75.0%)
Chi-square 0.58 1.18 6.93
P >(.05 <0.05 <0.05

*Insertion: I allele

*Deletion: D allele

Table (4): Association between nonparametric criteria of metabolic syndrome and the
three Angiotensin converting enzyme genotype subgroups in metabolic syndrome

group by Odds ratio (OR)
Criteria
Obesity Hypertension Microalbuminuria
Genotypes OR CI OR CI OR CI
DD vs. I1 0.64 | 0.05-8.6 | 3.56 | 0.25-63.3 7.88 0.82-16.1
DD vs. ID 1.0 015 14 229 | 0.17-63.8 1.35 0.15-13.4
ID vs. II 0.64 2.%61 1.56 | 0.24-10.4 | 5.85 0.97-39.7

*OR>1 means +ve association or risk.

*CI: 95% confidence interval.
*Deletion: D allele

*OR: Odds ratio.

*Insertion: I allele
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Table (5): Mean + SD of some studied parameters among the different groups

Group Statistical values
Group I Group 11 Group III
Parameter (mean£SD) mean+SD (mean+SD) F P
ACFle}/cl;lwty 14.43+3.96 31.93::8.20 40.4?:; 1.20 7731 <0.001
192.672378
FBG (mg/dl) | 87.90+8.91 3 192'53:38'17 110.92 | <0.001
a
HbA,. (%) 5.0840.69 10'19:1'86 9'75?'66 105.76 | <0.001
Fas:i}:lg/:llls)ulin 3 684067 13.48::3.96 14.65:5.38 68.33 <0.001
HOMA index | 1.06+1.29 6'07:2'1 ! 6'39:2'02 218 | <0.001
Total 204.03£18.8
cholesterol | 1 '6?1 1.8 2 240'8:i22'54 138.06 | <0.001
(mg/dl) a i
130.92+18.2
LDL-c (mg/dl) | 91.08+18.97 5 163 ‘7:1;21 29 11644 | <0.001
a 9
HDL-c (mg/dl) | 49.51+4.36 42'16:3'15 36'62122'91 118.15 | <0.001
o 164.73£29.6
Triglycerides 896041301 0 199.10+£32.90 139.66 | <0.001
(mg/dl) a a,b
APO-A (mg/dl) | 150.57+6.45 140'2?4'81 132'28;5 32 6836 | <0.001

*a,b : point to significant difference using LSD (P<0.01) where:

a: points to significant difference in comparison to control group (group I)

b: points to significant difference in comparison to type 2 diabetic group (group II)
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Table (6): Mean + SD of some parameters among the study groups in the

different genotype subgroups

Parameters of Group I Group II Group III F p

genotypes subgroups mean+SD mean+SD mean+SD

ACE activity 15.85+3.36 32.57+5.07° 37.84+5.52*" 77.07 | <0.001

FBG 87.85+7.50 196.15+38.92° 186.33+£36.95° 47.73 | <0.001

HbA,. 5.07+£0.68 10.01£1.83" 9.19+1.43° 46.34 | <0.001

Plasma insulin 3.45+0.68 10.95+£1.91° 11.274£3.20° 54.27 | <0.001

— HOMA index 0.70+0.14 4.55+0.83" 5.11£0.39*° 255.08 | <0.001

™ | Total cholesterol | 163.53+10.83 | 200.31+13.46" | 228.83+20.30*° | 57.92 | <0.001

LDL-c 86.29+8.61 126.39+14.8" 153.46x15.09*° | 77.82 | <0.001

HDL-c 51.87+2.38 43.03+£2.75° 38.11£1.79* 110.12 | <0.001

Triglycerides 83.00+5.94 149.69+21.78" | 181.58+27.77*" | 76.56 | <0.001

APO-A 151.62+4.93 142.854+2.76" 137.75+4.07*° 38.34 | <0.001

ACE activity 15.86+3.36 32.574£5.07° 37.85+5.52"" 77.07 | <0.001

FBG 90.00+9.04 199.18+40.36" 186.80+22.24° 67.47 | <0.001

HbA,. 5.21+0.69 9.91+1.96" 9.45+1.49° 39.37 | <0.001

Plasma insulin 4.17+0.52 13.65+0.86" 14.44+4.25% 49.19 | <0.001

- HOMA index 0.95+0.12 6.41+1.46° 6.40+0.80° 152.67 | <0.001

S | Total cholesterol | 162.75511.91 | 198.27+18.68" | 240.15+4.93" 64.79 | <0.001

LDL-c 87.25+25.41 123.36+19.80* | 161.52+21.19*" | 43.19 | <0.001

HDL-c 49.53+3.88 42.89+2.44° 36.80+2.62* 69.13 | <0.001

Triglycerides 89.33+14.09 | 165.82+£30.96" | 197.05£31.27*" | 57.81 | <0.001

APO-A 152.83+5.69 139.91+4.66" 132.25+3.96*° 73.02 | <0.001

ACE activity 19.10£2.18 39.45+4.45% 59.58+7.60" 78.44 | <0.001

FBG 83.00+11.79 173.1+28.72° 216.13+61.93° 13.91 | <0.001

HbA,, 4.82+0.77 11.10£1.73° 10.46+2.20° 20.38 | <0.001

Plasma insulin 4.22+0.36 18.63£5.66" 20.26+6.34° 15.86 | <0.001

o HOMA index 2.2943.08 8.77+2.21° 8.31+3.69° 7.24 | <0.001

O | Total cholesterol | 178.20+6.38 | 222.67+19.94" | 260.50+13.19% 49.87 | <0.001

LDL-¢ 110.14+6.79 | 150.05+12.53" | 184.99+15.47*" | 52.59 | <0.001

HDL-c 43.3.4£3.63 38.93+3.44 33.96+3.34° 11.62 | <0.01

Triglycerides 107.40+6.07 | 195.33+17.64" | 230.50+22.41*" | 72.44 | <0.001

APO-A 142.40+6.11 135.33£5.05% 127.63+£3.99 14.18 | <0.001

*a,b : point to significant difference using LSD (P<0.01) where:

a: points to significant difference in comparison to control group (group I)

b: points to significant difference in comparison to type 2 diabetic group (group II)

*Insertion: I allele
*Deletion: D allele
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Table (7): Mean = SD of some parameters among the genotype subgroups
in the different study groups

Parameters of Genotype I1 | Genotype ID Genotype DD
genotypes (meanSD) | (meanSD) (mean=SD) F P
subgroups
ACE activity | 1132210 | 15.86£3.36° 19.10£2.18°° ] 17.89 | <0.001
o FBG 87.85:7.50 | 90.0029.03 83.00£11.79 1.09 | >0.05
£ HbA,, 5.07£0.68 | 5.21£0.69° 4.8220.77 0.55 | >0.05
2 [ Plasmainsulin | 345£0.68 | 4.1740.52° 4220 36" 5.04 | <0.01
S [ HOMA index | 0.70:0.14 0.9520.12 2.2043.08 332 | >0.05
g Total 163.5410.83 | 162.75+11.91 178.20+638° | 4.08 | <0.05
= cholesterol
2 LDL-c 87.28+8.98 | 87.25:2541 110.14%6.79" 357 | <0.05
5 HDL-c 51.8752.38 | 49.53%3.88 433043.63° 1251 | <0.001
3 | Triglycerides | 83.0045.94 | 89.33+14.09 107.40£6.07° | 10.54 | <0.001
APO-A 151.62£4.93 | 152.83%5.69 142.4056.11° 6.94 | <0.01
ACE activity | 27.14£7.99 | 32.57£5.06" 30.45:4.45° 7.69 | <0.01
g FBG 196.15:38.92 | 199.18£4036 |  173.17£28.72 102 | >0.05
E HbA,, 10.01+1.83 | 9.91+1.96 1110173 091 | >0.05
= | Plasma insulin | 10.95:1.91 | 13.65:0.86° 18.6325.66" | 15.53 | <0.01
= [ HOMA index | 4558083 | 6.41:146" 8.7742.21°0 18.82 | <0.001
g Total 2003141346 | 198.27+18.68 |  222.67+19.94* | 4.64 | <0.05
iy cholesterol
= LDL-c 128.49213.07 | 123.36£19.80 | 150.05£12.53 | 5.79 | <0.01
g HDL-c 43.0322.75 | 42.89+2.44 38.9343 44° 5.03 | <0.05
& | Triglycerides | 149.69221.78 | 165.82430.96 |  19533%17.63° | 6.88 | <0.01
=~ APO-A 142.85:2.76 | 139.91%4.66 135.335.05° 724 | <0.01
ACE activity | 32.13£3.07 | 37.85:5.52° 59.58-7.60° | 6621 | <0.01
FBG 186.33436.95 | 186.80:22.24 | 216.13+61.93 201 | 005
S A, 9.19+1.43 9.45:1.49 10.4642.20 157 | >0.05
2 £ Plasma insulin | 1127320 | 14445425 20.26+634° 9.79 | <0.01
S =| HOMA index | 5112039 | 640:0.80° 8.31%3.69° 834 | <0.01
25 Total 228.83+2030 | 240.15:22.05 |  260.83:22.54 | 5.96 | <0.01
= | _cholesterol
75 LbL- 153.46215.00 | 161.52:21.19 | 184.99£1547° | 7.25 | <0.01
S HDL< 38112179 | 36.80£2.62 33.9643 34" 633 | <0.01
| Triglycerides | 181.58227.77 | 197.05:3127 | _ 230.50422.41° | 7.05 | <0.01
APO-A 137.7554.07 | 132.25£3.96" | 127.63£3.99°° | 16.04 | <0.001

*a ,b : point to significant difference using LSD (P<0.05) where:
a: points to significant difference in comparison to control group (group I)

b: points to significant difference in comparison to type 2 diabetic group (group II)
*Insertion: I allele

*Deletion: D allele

10
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Table (8): Correlation between plasma angiotensin converting enzyme activity and
different studied parameters among diseased subjects and overall studied subjects

Diseased subjects Overall subjects
Parameter R P R P
Fasting blood glucose (mg/g) 0.044 >0.05 0.635 <0.001
HbA . (%) 0.087 >0.05 0.641 <0.001
Fasting plasma insulin (uU/ml) 0.509 <0.001 0.785 <0.001
HOMA index 0.480 <0.001 0.774 <0.001
Total cholesterol (mg/g) 0.529 <0.001 0.784 <0.001
LDL-c (mg/g) 0.530 <0.001 0.779 <0.001
HDL-c¢ (mg/g) -0.537 <0.001 -0.778 <0.001
Triglycerides (mg/g) 0.560 <0.001 0.818 <0.001
APO-A (mg/g) -0.598 <0.001 -0.771 <0.001

DISEASED SUEU\ECTS OVERNI-L SUIEUECTS

ACE Activity
&
ACE Activity
&

=100 o ‘ 100 l_;m 300 400
Parameter Value

Parameter Value

Figure (2): Significant correlation between plasma angiotensin converting enzyme
activity and different studied parameters in the diseased and overall studied subjects

DISCUSSION a key enzyme in the RAS system that
play an important documented role in
Metabolic syndrome is defined as the regulation of body's internal
impaired glucose regulation or environment. The ACE gene is
diabetes mellitus and/or insulin characterized by insertion or deletion
resistance, associated with (I/D)  polymorphism  based on
hypertension, obesity, dyslipidemia presence or absence of 278-bp repeat
and/or albuminuria®®. sequence within the intron 16 located
RAS, by genetic studies, has been on ) c(}g)omosome 17923
proposed as an important genetic respectively ™.
factor for diabetic complications and The current study revealed that
metabolic syndrome®”. Among RAS ACE genotypes distribution among
genes, is the gene encoding for ACE, overall included subjects was 38%,

43% and 19 % for II, ID and DD

11
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respectively, whereas allele
frequencies were 59.5 and 40.5 for I
and D alleles respectively, with
significant differences between these
percentages. The distribution of each
ACE genotype and each allele did not
differed significantly between the
three groups of study.

Moreover we revealed that one
carrying DD genotype and D allele
among the type-II diabetes group were
1.2 and 1.1 times more than subjects
carrying DD genotype and D allele
among control subjects respectively.
As regard the metabolic syndrome it
was found that the presence of DD
genotype and D allele in metabolic
syndrome subjects was 1.3 and 1.4
times more than in control subjects
respectively; and 1.1 and 1.3 times
more than in type-II diabetic subjects
respectively.

These observations suggest a
significant association between ACE
DD genotype and both type-II
diabetes mellitus and metabolic
syndrome as well as suggesting D
allele as a more risk factor, than I
allele, for both morbidities.

The results of the current study
agreed with those reported by
Stephens and his coworkers® who
have found an association between
ACE DD genotype and type-II
Caucasian  diabetics with  study
included non diabetic controls. This
association was, also, reported by
(l;‘le;ng et al. ®@ and by Daimon et al.

Opening a field of controversy,
Lee and Tsai"® carried out a study on
Chinese and reported that although the
ACE I/D polymorphism was not
associated with type-II diabetes, it was
associated with metabolic syndrome.

In contrast to the results of the
present study, Costa et al.®?
concluded that, in Brazilians, there
was no an effect of ACE genotyping
on metabolic syndrome with type-II
diabetes. They attributed these
controversies to different ethnic
factors. Also, Sinorita et al.®® stated
that there was no association between
metabolic  syndrome  and  the
component of metabolic syndrome
and variants of the ACE gene among
the type-II diabetes patients.

The results of present study
revealed significant differences in
plasma ACE activity levels between
the three studied groups and also
between  the  three  genotype
subgroups. The levels  were
significantly higher among patient's
groups compared to controls and also
in patient’s genotype subgroups
compared to the corresponding control
genotype subgroups. Also, plasma
ACE activity levels were significantly
higher among metabolic groups and
its genotype subgroups than among
type-Il  diabetic groups and its
corresponding genotype subgroups.
Furthermore, in all studied groups
there was a significant increase in
plasma ACE level in subjects with DD
genotype (highest levels) than in
subjects with ID or II genotypes; and
in subjects with ID genotype
(intermediate levels) than in subjects
with II genotype (lowest levels).

These observations suggested that
increased plasma ACE activity levels
among metabolic syndrome and type-
Il diabetes patients is possibly the
high prevalence of D-allele containing
ACE genotypes. The pathogenetic
effect of increased ACE activity
results from increased conversion of
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angiotensin I to angiotensin II with
subsequent elevation of  blood
pressure, stimulation of  renal
mesangial cell proliferation, activation
of synthesis and inhibition of
breakdown of collagen, inhibition of
fibrinolysis, and stimulation of both
cytokines and  growth  factor
secretion®. So, D-allele can predict
who  person  will pass to
complications.

In agreement with the current
results, Rigat et al.® reported a
progressive increase in plasma ACE
activity levels in patients with DD, ID
and II genotypes; whereas Tsutaya et
al.®¥ reported increased plasma and
tissue ACE levels among DD
genotype subjects. Positive
association between D-allele and
plasma ACE levels was also reported
by Agerholm-Larsen et al.®.

Degirmenci et al®? in
agreement with the results of this
study, found that Turkish type-II
diabetics with ACE DD genotype had
a higher ACE activity levels than
those with ID and II genotypes.

The present study's results
disagree with those reported by Nagi
et al.®” who stated that plasma ACE
concentrations were not significantly
different between diabetic and non-
diabetic subjects.

In this study, the indices of
insulin  resistance and  glucose
metabolism were significantly higher
in patient's groups and subgroups
compared to the control group and
corresponding  subgroups, but no
significant differences in these indices
between metabolic group and diabetic
groups and their corresponding
genotype subgroups.

As regard the differences between
the three ACE genotypes, it was found
that, in the patient’s groups, subject
with DD genotype have a statistically
significant  increase in  insulin
resistance  indices compared to
subjects with ID and II genotypes;
although no significant differences
were found between the three ACE
genotype subgroups in fasting blood
glucose and HbA . among all studied
groups.

Moreover, there was a significant
direct correlation between plasma
ACE activity (which was found to be
highest among DD  genotype
subgroups) and FBG, HbA,., plasma
insulin, and HOMA index in overall
studied subjects. In diseased subjects
plasma ACE activity was found to be
directly and significantly correlated to
both plasma insulin and HOMA
index. In type 2 diabetics and in
metabolic syndrome subjects, the
contribution of increased plasma ACE
activity to insulin resistance was
suggested by significant direct
correlation between plasma ACE level
and both fasting plasma insulin and
HOMA index.

The above mentioned results
suggest that ACE gene DD genotype
and D-allele contribute, possibly via
increasing plasma ACE activity, to the
pathogenesis of insulin resistance in
type 2 diabetes mellitus and in
metabolic syndrome®.

The mechanism of contribution of
RAS in insulin resistance could be
explained by the fact that RAS and
insulin  signaling shared signal
transduction pathways. Thus
activation of RAS may inhibit
metabolic action of insulin via
phosphatidylinositol 3-kinase (PI3-K).
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Anigiotensin II has been suggested to
upregulate TNF-a that may mediate
insulin resistance via interfering with
phosphorylation of insulin receptors,
inhibition of action of glucose
transporter protein GLUT-4,
inhibition of glucose stimulating
insulin release from pancreatic p-cells
and inhibition of action of lipoprotein
lipase®**,

In agreement to our results, the
significant association between insulin
resistance and ACE DD genotype was
reported by Viitanen et al.“” and, in
hypertensives, by Perticone et al.“";
whereas the absence of significant
difference in HbA . and blood glucose
between ACE genotypes was reported
by Hsieh et al.”’ and by Lee and
Tsai'?. In contrast, Zingone et al.*?
found a significant increase in fasting
blood glucose levels among subjects
with DD polymorphism than among
those with II polymorphism.

Moreover, our results disagreed
with those of Ryan et al.“Y who
concluded a higher plasma insulin and
insulin resistance with ACE 1I
genotype than with DD genotype in
healthy overweight. Paolisso et al.“?
also reported higher insulin resistance
in aged healthy Italians with II ACE
genotype than in those with ID and
DD genotypes. On the other hand,
absence of association between insulin
levels and/or insulin resistance and
ACE genotyping has been reported in
studies of Huang et al.“ in control
and type-II diabetic subjects.

The results of present study
represent significant differences in all
studied parameters of lipid profile
(total cholesterol, LDL-c, HDL-c,
triglycerides and APO-A) between the
three groups of the study. The levels

of total cholesterol, LDL-¢c and
triglycerides were significantly higher,
whereas the levels of HDL-c and
APO-A were significantly lower in
patient’s groups compared to control
group and in metabolic syndrome
group compared to diabetic group.
Also, when the corresponding
genotype subgroups in each studied
group were compared to each other
the differences were the same as when
the whole groups were compared.

Moreover, with focusing on
different ACE genotypes, the study
revealed that, in the three studied
groups, subjects with DD genotype
have a significant increase in plasma
total  cholesterol, LDL-¢c  and
triglycerides levels; and a significant
decrease in plasma HDL-c and APO-
A levels compared to subjects with ID
or II genotype.

The correlation study revealed
that plasma ACE activity has a
significant direct correlation with total
cholesterol, LDL-c and triglycerides
levels and a significant inverse
correlation with HDL-c and APO-A
levels among overall subjects,
diseased subjects and metabolic
syndrome subjects. In diabetic
subjects plasma ACE was
significantly and inversely correlated
to HDL-c and APO-A, whereas in
controls ACE directly correlated to
LDL-c and indirectly to HDL-c
significantly.

These results would suggest that
ACE gene deletion polymorphism and
increased ACE activity are obvious
risk  factors for  dyslipidemia
particularly the patterns of
dyslipidemia observed in metabolic

syndrome and in type-II diabetes.
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As regard the differences in
plasma lipids between diabetics and
non-diabetics, the results of Hsieh et
al.® and Lee and Tsai"® were in
agreement with our results. They
revealed significantly higher plasma
total cholesterol and triglycerides in
diabetics than in non diabetics. Also,
studies of Frenais et al“? and
Dionyssiou-Asteriou et al.®”
reported significantly lower APO-A
among diabetics than among non-
diabetics.

As regard differences in plasma
lipids with different ACE genotypes
Lee and Tsai"® similar to our results,
reported a higher prevalence of
dyslipidemia and higher serum
triglycerides in diabetic patients with
DD genotype than in those with II
genotype. Also, Oren et al.“? stated
that the mean LDL-c level was highest
in DD genotype subjects and lowest in
II subjects.

Controversial to our results Nagi
et al.®” did not find an association
between these lipid parameters and
ACE genotyping in Pima Indians. But
with respect to the effect of ACE
activity on lipid profile, they revealed
a significant direct correlation
between the plasma ACE levels and
both total cholesterol and triglycerides
levels in diabetics and non-diabetics.

Our study concluded a higher
incidence of microalbuminuria among
metabolic syndrome patients with
ACE D-allele containing genotypes
than those with insertion
polymorphism. By application of
Odds ratio, it was found that the
occurrence of  microalbuminuria
among DD genotype patients was 6
and 1.29 times higher than its
occurrence among II and ID

genotypes respectively. Also, the
incidence of microalbuminuria with
ID genotype was 4.66 times more than
with Il genotype. These results
showed that ACE gene deletion may
be associated with  increased
susceptibility to albuminuria in
metabolic syndrome and in type 2
diabetic patients. Therefore, ACE
gene deletion may play a role in the
development and progression of
nephropathy in these patients,
predicting who will develop these
complications.

The contribution of ACE DD
genotype to this albuminuria may be
attributed to our results that ACE DD
genotype was  associated  with
increased plasma ACE activity; with
subsequent increase in activation of
angiotensin 1 to angiotensin II
Angiotensin Il then may promote
glomerular measngial and renal
tubular cell growth as well as
enhancement of collagen
accumulation with subsequent
development and progression of
albuminuria®,

Current study's results agree with
those revealed by Ohno et al.®” who
stated that, in type 2 diabetic patients,
the D allele of the ACE gene was
more frequent in micro- and macro-
albuminuric groups than in
normoalbuminuric group. As well,
our results are in accordance that of
Hashimoto et al.’? who viewed an
association between ACE DD
genotype and proteinuria in Japanese
overweight men.

There was a discrepancy between
our results and those of Nakajima et
al.®" who found that the distribution
of ACE genotypes did not differed
significantly between normo-, micro-,
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and macro- albuminuric patients,
although the distribution of D allele
was slightly higher in protinuric than
in non-protinuric males but not
females.

The results of Odds ratio revealed
that the occurrence of hypertension in
metabolic syndrome patients carrying
DD genotype was 3.50 and 2.33 times
more than its occurrence in those
carrying I or ID  genotypes
respectively. Thereafter, ID
hypertensive subjects were 1.50 times
increased than II  hypertensive
subjects. These results would suggest
the ACE DD genotype to be
associated with increased
susceptibility to hypertension in
metabolic syndrome patients with
type-II diabetes. The predisposition of
ACE DD genotype to hypertension
could be explained by presence of
high ACE activity, as showed in our
results, with subsequent elevation in
arterial blood pressure via well
documented mechanisms of
angiotensin converting enzyme™”.

Several studies focused on the
relation  between @ ACE  gene
polymorphism and hypertension with
variable subject selection and with
controversial results. Of these, many
agreed with our results including
studies of Fornage et al.’” and
O'Donnell et al.®? who found the
association in hypertensive males;
studies of Duru et al.®® and Barley
et al.5¥ who revealed the association
in hypertensive individuals; as well as
studies of Morise et al.®® and Maeda
et al.®® who reported the association
in Japanese hypertensives. In all these
studies the association was detected
between DD genotype or D allele and
hypertension.

On the other hand, lack of
association between ACE genotyping
and hypertension was reported by Lee
in type-1I diabetics and
by Hsieh et al.”) who detected no
differences in blood pressure between
ACE I, ID and DD genotypes.

With the respect of obesity, the
current study denies presence of
association between ACE genotyping
and obesity in metabolic syndrome
patients.  Our results detected
increased distribution of ACE 1I
genotype among obese metabolic
syndrome patients, meanwhile it was
not significant. The lack of association
between ACE genotypes and obesity
seems to be obscure.

In close to our results Ryan et
al.“? reported an association between
IT genotype of ACE and obesity. Lee
and Tsai’® and Nagi et al.®” found
no differences in obesity markers
(BMI and WHR) between the three
ACE genotypes. Also, close to our
results,

In contrast to the present study,
Strazullo et al.®” revealed a higher
prevalence of obesity in Italian males
with D/D allele compared to those
with I/D or I/l allele, although the
differences was not statistically
significant.

Genotype II which was relatively
abundant in obese subjects may be
responsible for production of different
ACE phenotype that responsible for
ACE activity in adipose tissue.

From these results we can
conclude that the ACE gene, one of
RAS genes, DD polymorphism was
more abundant among metabolic
syndrome and type-II  diabetic
patients; the result that provide an
evidence of genetic susceptibility to
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