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ABSTRACT
Background

Patients with hypertension having diabetes mellitusbesity are more likely predisposed to targghn damage.
ENPP1is ubiquitously expressed, most importantljnsulin-sensitive tissues such as liver, skelgtakcle and adipose

tissue.
Method

A case-control study conducted to find the assimriabetween SNP rs1044498 in T2DM with and without
hypertension in AL-Najaf Governorate, Irag. Thedstincluded 188 T2DM patients with hypertensiondamly selected
based on World Health Organization (WHQO) guidelixi¢D 148 T2DM patients without hypertension as atomrgroup.
DNA was extracted from blood and genotyped by PGRIRby using (Avall) enzyme. Multinominal logistiegression
was applied to compare the proportions of genotypes alleles. The odds ratio for risk of developimgpertension in

T2DM was calculated with and without adjustmentdge, sex and BMI.
Results

ENPP1 K121Q gene rs1044498 polymorphism ( hetemzydcQ, and homozygous QQ genotype was found to
have a protective impact against the developmehipértension in type 2 diabetic patients, after dldjustment for age,

sex and BMI.
Conclusions

The SNP of ENPP1 (K121Q) rs10444989 gene have tegiive role against the occurrence of hypertengion
type 2 diabetic patients in Al-Najaf Governoratagr andchanges of the serum lipid concentratiowels as Rseistin
levels may be taken place independent on the typee investigated genotypes. BMI is seemed tmbependent on the
genotype of the investigated gene (ENPP1 K121(Q4#4989).

KEYWORDS: Diabetes Mellitus (T2DM), World Health OrganizatiqvHO), Multinomial Logistic Regression,
VLDL Cholesterol and TG

INTRODUCTION
Background

Hypertension is a chronic medical condition in whibe blood pressure is elevated (Anthea M.et 8B1Type

2 diabetes mellitus (T2DM) and hypertension areombgalth problems worldwide, associated with iasesl prevalence

| Impact Factor(JCC): 2.7341 - This article can be denloaded from www.impactjournals.us |




| 46 Qasim Mohammed Taher & Mahdi Mohammed Ridha |

of obesity and excess morbidity and mortality. Rerimore, patients with hypertension having diabateBitus or obesity
are more likely predisposed to target organ dani@pebanian AV.et al 2003, Whiteworth JA. et al. 200Isen MH.et al
2010 and Ogihara T. et al 2009).

Ectonucleotide pyrophosphatase/phosphodiesteratsd Known as plasma cell-RC-1) is a 25-exon long gene
located on chromosome 6g22-23 (Buckéewl. 1990, Leaat al. 2010). ENPP1is ubiquitously expressed, most impétlsta
in insulin-sensitive tissues such as liver, skéletascle and adipose tissue. The role of ENPPlitioa to insulin

resistance and T2DM has been widely investigated.

Several studies have reported that the genomiomeghere ENPP1was mapped is linked to insulin teste,
highlighting its disease risk-associated effectl@@oe I. D. et al. 2008). Thus, this study is important because tihé first
one that investigated this SNP in Irag Arabic t2pdiabetic patients with hypertension.

METHODS
Study Design

A case—control study of 336 individuals includedotwroups (188 type 2 diabetic patients T2DM with
hypertensionand 148type 2 diabetic patients T2Dkhauit hypertension ) randomly selected was conduitteassess the
association of SNP(rs1044498) of ENPP1 gene.

The study was performed on 336 type 2 diabeticepti (184 male and 152 female). The patients ieclugd/o
groups {188 type 2 diabetic patients with hyperieng98 male and 90 female), The patients agesechbgtween 34-65
years with mean = SD (48.25 * 6.31)}and {148 typeli@betic patients T2DM without hypertension (86lenand 62
female), the patients ages ranged between 38-G8 yeth mean + SD (48.58 + 6.38) } were includedaasontrol group.
The patient population who attended the diabetesecat AL-Sader Medical City, Najaf, Iraq from $&mber 2014 to
January 2015. All patients were diagnosed by sfisttiphysicians as having type 2 diabetes, and coase WHO

guidelines.
Phenotype Measurements

We collected clinical data, such as weight, heigimgl other data. The BMI was calculated as weighkg)
divided by the square of height (in m). Serum ckiia®, triglyceride, high-density lipoprotein cheterol and low- density
lipoprotein cholesterol were measured. Total seRewistin was estimated using an enzyme-linked inemaambent assay
(ELISA).

Genetic Analysis

Blood samples of T2DM with and without hypertensimare collected in EDTA-anticoagulant tubes, anehth
DNA was extracted from whole-blood samples usingfDéxtracted kit(Favorgen, Tawan). Then DNA concatidn and
purity were measured by UV absorption at 260 ar@r#8 (Bio Drop, U. K.).

Genotyping was performed by polymerase chain reactiestriction fragments length polymorphism (PCR-
RFLP) for ENPP1K121Q(rs1044498) gene using thermecyBiometra,Germany). The primer sequences wbtained
from (Simonetta Bacci et al 2005): forward 5GCAACTGTGTTCACTTTGGA3 and reverse
5'GAGCACCTGACCTTGACACA3'. Amplification was perfored in a total volume of 25 pl which contained 1gl%f
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GoTaq Hot start Green Master Mix,(promega corporatMadison, W1), 1.5 ul of each primer (1Mm ficahcentration)
(One Alpha, U.S.A), 3.5 ul Nuclease free waterd &nul of DNA template. Cycling condition were "%} for 2 min
followed by 30 cycles of 94 for 1 min, 55c¢ for 4Q, 72° ¢ for 40sand final extention of 7& for 10 min. Amplification
product of ENPP1 K121Q (rs1044498) gene was 208Thp. product was digested with 10 U of restrictenmzyme

(Avall)(Promega) and ran on 2% agarose gels.
Statistical Analysis

Student T test and ANOVA test were used to comphenotypic data between with and without hypertamsi
T2DM patients using SPSS windows software (spss,Ch@cago,IL). Genotype frequencies were tested Hardy-
Weinberg Equilibrium by Xtest using online software web-Assotest (www.ekst@om). Genetic power was calculated
using the online software OSSE (OSSE.bii.a-starsggu Genotype and allele frequencies in with anithout
hypertension in T2DM patients were tested by mattiral logistic regression analysis with and withadjustment for

age, sex and BMI using SPSS.
Results

Anthropometric andbiochemical characteristics ofigtindividuals are presented in table 1. Resultdigestion
with restriction enzyme (Avall) for ENPP1 K121Q gers1044498 included 208bp band for wild type (Ki€hotype, for
heterozygous genotype (KQ) three bands 208,1555artp and for homozygous genotype(QQ) two bandstieb53bp
as shown in figure 1. Genotype and allele frequenof ENPP1 K121Q gene are shown in table 2.

Genotype frequencies of ENPP1 (K121Q) (rs1044439)egpolymorphisms were consistent with Hardy—
Weinberg equilibrium (HWE) in T2DM without hypertsion (P=0.317). The power of this study to detestgmificant

difference at level of 0.05 was 100%.

The heterozygous genotype (KQ) was found to hapeotective impact (OR=0.176, CI95%=0.108-0.287, P=

0.001) against the development of hypertensiogpe £ diabetic patients, after the adjustment @, #ex and BMI. Also
no significant variation was obtained when the gsialwas carried out without adjustment. Similattg homozygous
genotype (QQ) was evident to have a somewhat ledeqive effect (OR= 0.295, Cl 95% 0.101-0.864,0P82) against
the occurrence of hypertension in the investiggtetients with respect to those with wild type. Rertanalysis of the
genotype distribution with use of the dominant aeckssive models pointed out a protective roldefrs1044498 SNP of
the ENPP1 gene against the development of hypéstems T2DM. The assessment of the minor allele f@juency
indicated significant (P=0.0001) elevation in typeliabetic patients without hypertension with respge those without
hypertension, strongly suggested the protectiveaohpf the analyzed genotype.

Biochemical characteristics of T2DM with hypertemsiindividuals according to ENPP1 gene polymorphism
(rs1044498) genotypes co-dominant and dominant marde shown in table 3 and 4. It demonstrated mB@ant

association of changes of the investigated parameti¢h respect to the co-dominant and dominantetsod
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Table 1: Anthropometric Andbiochemical Characteristics of Study Individuals

T2DM T2DM Without
Withhypertension Hypertension P- Value
Subjects N=188 Subjects

No (M/F) 188 (98/90) 148 (86/62) 0.275
Age (y) 48.25 +6.31 48.58 + 6.38 0.727
BMI (kg/m?) 30.29 + 5.53 29.76 + 4.92 0.352
Cholesterol (mg/dl) 233.65 £ 36.20 232.82 £33.80 .88
Triglycerides(mg/dl) 229.84 + 41.00 227.32 +38.70 0.565
VLDL (mg/dl) 45.96 + 8.218 45.46 + 7.74 0.565
LDL(mg/dl) 140.12 + 37.40 138.84 + 35.12 0.744
HDL(mg/dl) 47.56 £+ 6.71 48.51 + 6.58 0.195
Resistin (ng/ml) 10.45+2.16 8.20 + 2.09 0.020
SBP(mmHg) 126.27 £17.25 123.54 +£11.74 0.086
DBP(mmHg) 80.95 + 9.65 79.12 + 8.85 0.071

phenotypic data expressed as mean * standard idaviat

2 3 4 5 6 7 8 9

10 11 12

13 14

15 16 17 18

Figure 1: Genotyping Result for ENPP1 K121Q Gene §1044498). line 1: Marker Line: For individuals
have the Wild Type (KK) of 208bp Fragment (Lines 24,6,9-13 and 14): For Individuals have the Heterogyous
(KQ)Genotype that Showed Three Fragments with Sizef 208 bp, 155 bp, and 53 bp.( Lines 3,5,15-16 af#):For

Individuals have the Homozygous (QQ) Genotype Exhited Two Fragments of 155 bp and 53bp Size

Table 2: Genotype and Allele Frequencies of Rs1049& Polymorphism of ENPP1 K121Q Gene and Associatiaf
This Variant In T2DM With and Without Hypertension in the Study Individuals

rs1044498 T2DM With .TZDM Unadjusted or P- Adjusted or
(KIQ) U WAL 7T (Cl 95%) value | (Closw) | P-value
n=188 (%) n=148 (%)
Co-dominant
KK(Ref) 133(70.74) 47(31.75)
0.182 0.176
KQ 48(25.53) 93(62.83) 0.113-0.295 0.001 0.108-0.287 0.001
0.309 0.295
QQ 7(3.72) 8(5.40) 0.106-0.899 0.031 0.101-0.864 0.026
Dominant
0.192 0.186
QQ+KQ 55 101 0.121-0307 | 9991 | 51160208 | 0001
Recessive
KK+KQ(Ref) 181 140
0.677 0.671
QQ 7 8 0.240-1.911 0.461 0.237-1.896 0.451
Frequency of Q 0.176
allele 62 109 0.109-0.283 0.0001

*HT: hypertension
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Table 3: Biochemical Characteristics of T2DM with Hypertension Individuals According to ENPP1 (K121Q)Gene
Polymorphism (Rs1044498) Genotype (Co-Dominant Mode

. . KK KG QQ
Biochemical P-
L€ (n =133) (n =48) (n=7)
Characteristics Mean = SD Mean = SD Mean = SD value
BMI (kg/m°) 30.21 +5.83 29.99 +4.28 33.87 £ 6.04 0.216

Cholesterol (mg/dl) | 235.88 £37.86  228.46 + 31.81 26.94 +26.49| 0.425
Triglycerides(mg/dl)| 225.84 £40.20  239.08 + 40.46242.57 + 48.47| 0.114

VLDL (mg/dl) 45.16 £ 8.04 47.81 + 8.09 48.51+£9.69 0.114
LDL(mg/dl) 143.20 + 37.68 133.35 +35.16 127.908:3 0.202
HDL(mg/dI) 47.50 £ 6.32 47.29+7.42 50.52+7.88 .489
Resistin (ng/ml) 8.31+2.14 7.96 +2.02 7.81481.0] 0.547

Table 4: Biochemical Characteristics of T2DM with Hypertension Individuals According to ENPP1 (K121Q)Gene
Polymorphism (rs1044498) Genotype (Dominant Model)

KK KG +QQ

Biochemical P-
L (n =133) (n =55)
Characteristics Mean + SD Mean + SD value
BMI (kg/m°) 30.21 +5.83 30.49+4.73 0.759

Cholesterol (mg/dl) 235.88 + 37.86 228.27 £31.19 .19
Triglycerides(mg/dl) 225.84 + 40.20Q 239.52 + 41.58 0.078

VLDL (mg/dl) 45.16 + 8.04 47.90 +8.31 0.063

LDL(mg/dl) 143.20 + 37.68 132.65 + 35.62 0.079
HDL(mg/dl) 47.50 +6.32 47.70 + 7.56 0.854
Resistin (ng/ml) 8.31+2.14 7.94 +1.93 0.27[7

DISCUSSIONS

The associations of common variants in ENPP1 (14498) with BMI were examined in this study and ¢her
were insignificance differences were observed amomgparison of the three groups of genotypes. Hewew the
current study, rs1044498 minor K121 allele seenmebté associated with high BMI values among theetlgmoups of

genotypes in T2DM with hypertension.

Several authors have investigated the impact of EINBolymorphism on obesity. However, conflictindgadhave
been reported; Barrosb al. 2003, Meyreet al. 2005, Bottcheet al. 2006 and Santoro Kt al. 2009 have reported that the
Q121 genotype is associated with higher BMI andl fiiniding is similar to our results. Other authdvatsuokaet al. 2006
and Prudentet al. 2007 have shown that the Q121 genotype is assdcwith lower BMI in non-diabetic populations of
European and African American populations. In casttrGrarup Net al. 2006, Lyon HNet al. 2006, Weedon MNt al.
2006 Keshavarz B al. 2006, Kubaszek At al. 2003 and Chen MEt al. 2006 found no effect of ENPP1 gene variants,
including minor K121Q allele, on body weight.

Discordant results in genotype-phenotype associatiodies are common in the evaluation of complearders
(Lyon HN et al. 2006). Having established the association betviE¢RP1 K121Q and hyperglycemia, we explored the
interaction between K121Q and BMI because of piiebmy evidence that the effect of the Q allele tycgmic traits is
mediated by an increase in adiposity (Abatetdl. 2005, Meyreet al. 2005, Bochenski ét al. 2006, McAteer JBt al.
2008, Bacci %t al. 2007, Cauchi &t al. 2008, Stolerman E& al. 2008 and Meyret al. 2007).

The question here is how ENPP1/PC1 influence BMi2 Techanisms by which it might modulate BMI are

unkown (Prudente $t al. 2006). It is possible that Q121 allele carrieseali@p insulin resistance via hypothalamic
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neurons, where insulin has potent anorectic ac(iBhsn Let al. 2005)

The genetic powers of SNP (rs1044498) was calalildtke genetic power obtained seemed to be higlaerthe
optimal level (80%).

Genotype frequencies of ENPP1 (rs1044498) gene wensistent with HWE in type 2 diabetic patients.
Thesefindings were also reported by Michaedtldl. 2006 and Roberto Bt al. 2008.

The understanding of common genetic variants inftieg T2DM and of the genetic/non-genetic factorthw
which they interact is a major focus of researcpdcceive the mechanisms underlying the pathogemndéshe disease as
well as related pathological consequences. Compitliese genetic variations with new developmentthéanfields of
bioinformatics, genomics, and proteomics will leachew information on diagnostics, treatment aneintwal prevention
of the disease of Iraqi society. Advances suchhasdevelopment of genome-wide association studB&AS) have
enabled the identification of a number of genesd@ased with T2DM risk. In this scenario, commomegc variant in
ENPP1 (K121Q) has been associated with insulirste@ste and its related comorbidities including T2Byvimany studies
(Lyon et al., 2006; Stolerman E. & al., 2008; Mussig Ket al., 2010

The results of genetic frequency of ENPP1 (rs108%48ne for KK, KQ and QQ were 133(70.74%), 48(3%6%
and 7(3.72%) respectively in T2DM with hypertensiatereas in T2DM without hypertension were 47(8),.93(62.83)
and 8(5.40) were observed respectively. The derete frequency for K allele of K121Q polymorpmof ENPP1 gene
was 83.51%, 63.17% in T2DM with and without hypesien respectively, whereas the derived alleleueagy for Q
allele of K121Q polymorphism of ENPP1 gene was 8%436.82% in T2DM with and without hypertensiospectively.
Results of ENPP1 gene polymorphism demonstratadtagiive impact against the occurrence of hypsitenin T2DM
after adjustment for age, sex and BMI. Also, ingigant variation was obtained when the analysis sarried out without
adjustment. Similarly the KQ genotype highlited g@rable protective influence against the occurreride/pertension in
T2DM.

Previous studies dealt with the association ofithestigated polymorphisms with T2DM have revegbeditive
results for such association. A study on Chineseuladion by Chen et al 2006, on German Caucasiapsilgtion by
Gouni et al 2006, on Caucasian populations in Swedal Denmark (Gu HF et al 2000, Rasmussen SK 20G0), on
North Indian Sikh populations (Bhatti JS et al 20Xih British population (Weedcei al., 2006), African- and European-
Americans, on Polish (Lyomt al., 2006) and Tunisian Arabs (Ezzidi al., 2009) have demonstrated insignificant
relationships. Moreover, a cohort study in Spais Baown that the ENPP1 K121Q polymorphism is irificantly
associated with T2D (Gonzalez-Sanchez et al 2003).

Converslly, some reports have indicated significaantation. A report on South Asian population (Aleaal
2005) and some studies suggested a significantciatiem of ENPP1 (rs1044498) with T2DM in different ethnic
population groups in European (McAteer et al 2008jnese population (Let al., 2012). Moroccan population (El
Achhabet al., 2009) and Italy (Bacci et al 2005).

One of the very important observations is the mtdte effect of the investigated polymorphism agaithe
occurrence of hypertension in T2DM. Under the coiiamt model, the KQ allele was found to have aificant impact.

Simillarly, the QQ genotype was evident to havedhme effect. The overall results indicated thatélele K was found
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at a high frequency in T2DM with hypertension thlhose without hypertension, whereas allele Q wasgnt at a slightly

high frequency in T2DM without hypertension tharDI with hypertension.

In our study, the minor allele frequency (MAF) &f10644498 in T2DM with hypertension is slightly lawe
(16.48%) than MAF in Malaysian study (17.27%) by. (Rasudevan et al 2009) while MAF in T2DM without
hypertension in our study is higher (36.82%) th&DbWM without hypertension in Malaysian study (22.00%he higher
MAF in our population than in Malaysian populationight be due to large sample size of our study (44Bjects)
compared with (50 subjects) in Malaysian study aw. finding is similar to Malaysian study in thaiutant allele was
found in higher frequency in T2DM without hypertemsthan T2DM with hypertension that suggest ondifig that Q
allele is productive role

Furthermore, MAF in our study is lower than Q al&lequency in Central Indian population (18.94#6jliabetic
group (Tripathie et al 2013) and in Indian studs MAF was found to be higher in diabetic subjehtmtthe control group
(15.71%). Also in our study, the K allele frequenegs higher in T2DM with hypertension, reverse Itssin Indian
population were found in which K allele frequensyhigher in control group (84.29%) than in diabefioup (81.05%)

that suggest a protective role of K allele in Calnitndian population

MAF in our study is slightly lower than Q alleleeffuency in Moroccan population (37.6%) by El Achbgal.,
2009 who evaluated the association of the mutaatl€de with T2DM and with obesity and found the MAg-higher in

diabetic and obese group than normoglycemic anebh@se group suggest a causative role of Q allele.

The dyslipidaemia that is often present in indigiduwith T2DM is characterized by hypertriglyceedaia,
raised LDL-cholesterol and a low HDL cholesterabfije (Krauss RM et al 2004). The overstimulatidnipogenesis at
the liver due to hyperinsulinaemic conditions iught to be a critical component of the overproiuciof VLDL
particles seen in T2DM (Adeli K et al 2001). Adipasssue can influence glucose homeostasis byselebmetabolites
(FFA), hormones (leptin, adiponectin, resistinfafiz) and proinflammatory cytokines (IL-1, TMNFMCP-1).( Klein S et
al 2011). Our findings are consistent with manydsts that showed abnormal lipid profile associatgth T2DM
likeAnne Sofie Andreasen et al. 2010

It is reasonable to speculate on the changes afehen lipid concentrations with the variationgshed genotypes
in diabetics with hypertension. Unfortunatlly, suchanges seemed to be taken place independenteogetiotypes.
Really, such phenomenon seemed to be surprisicg #ire SNPwas evident to have a protective impathe occurrence

of hypertension in type 2 diabetics. The situat®oto complex and further studies are essentiatimification.

The resistin measurement pointed out significaevation in the group of T2DM with hypertension whéey
were compared with those without hypertension. Timsling is consistent with some studies that foundreased
circulating resistin levels and its mRNA expressionadipose tissue in patients with obesity and WR[Degawa-
Yamauchi et al., 2003) Again levels of resistin @amtration in type 2 diabetics with hypertensioarmsed to be changed
independently on the types of genotypes and fughaties are critical to achieve the exact mechaiig which resistin is

involved in the pathogenesis of hypertension iret@miabetes mellitus.
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CONCLUSIONS

The SNP of ENPP1 (K121Q) rs10444989 gene have tegiiee role against the occurrence of hypertensgion

type 2 diabetic patients in Al-Najaf Governorataglr andchanges of the serum lipid concentratiowels as Rseistin

levels may be taken place independent on the typ® investigated genotypes. BMI is seemed tmmtependent on the
genotype of the investigated gene (ENPP1 K121(Q4#4989).

REFERENCES

1.

Anthea M, Hopkins J, McLaughlin CW, Johnson S, WarMQ, LaHart D, Wright JDHuman Biology and
Health. Prentice hall, englewood cliffs, New Jersey, U3893.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Gréd\, Izzo JL, Jones DW, Materson BJ, Oparil S,
Wright JT, Roccella EJ. Joint national committeepmevention, detection, ecaluation, treatment ghhblood
pressure. National heart, lung, and blood instjtatgional high blood pressure education progranrdinating
committee. Seventh report of the joint national outtee on prevention, detection, evaluation, aedtment of
high blood pressure. Hypertension. 2003; 42(6): 1228B2.

Whiteworth JA. World health organization, interoaal society of hypertension writing group (2008R2
World Health Organization (WHO)/International Sdgief Hypertension (ISH) statement on management of
hypertension. J. Hypertens. 2003; 21(11):1983-1992.

Olsen MH, Mallion JM, Rahn KM, Erdine S, Viigimae, Maurent S, Agabiti-Rosei E, Mancia G, SchmiedEr R
Citkova R, Dominiczak A, Kjeldsen SE, Redon J, Zwatti A, Nilsson P, Narkiewicz K. ESH Council.
Agreement within Europe about antihypertensivettneat and education: results from the europearesoof

hypertension questionnaire. J. Hypertens. 2010)2893-1594.

Ogihara T, Kikuchi K, Matsuoka H, Fujita T, Higaki Horiuchi M, Imai Y, Imaizumi T, Ito S, lwao H,dfio K,
Kawano Y, Matsuyama S, Kimura G, Matsubara H, MataH, Naruse M, Saito I, Shimada K, Shimamoto K,
Suzuki H, Takishita S, Tanahashi N, Tsuchihashidhiyama M, Ueda S, Ueshima H, Umemura S, Ishimitsu
Rakugi H. The Japanese society of hypertensionefings for the management of hypertension (JSH 2009
Hypertens. Res.2009; 32(1):3-107.

Buckley MF, Loveland KA, McKinstry WJ, Garson OMp@ing JW. Plasma cell membrane glycoprotein PC-1:
cDNA cloning of the human molecule, amino acid ssoe, and chromosomal locatiod. Biol
Chem.1990;265:17506-17511

Lee J-E, Choi Y.-K, Seo H-A, Jeon J-H, Jeong J-YoM S-S, Kim B.-W, Kim S-W, Yoo M, Kim J-Y, Lee I-K
Impact of ENPP1 and MMP3 Gene Polymorphisms onié@alcification in Patients with Type 2 Diabetasai
Korean Population. Diabetes Reasearch and CliRicadtice. 2010; 88:87-96.

Goldfine I. D, Maddux B. A, Youngren J. F, ReavenAgcili D, Trischitta V, Vigneri R, Frittita L. Té role of
membrane glycoprotein plasma cell antigen 1/ecteatide pyrophosphatase phosphodiesterase 1 in the

pathogenesis of insulin resistance and relatedratmadities. Endocrine Review. 2008; 29(1):62—-75.

Index Copernicus Value: 3.0 - Articles can be serb editor@impactjournals.us




| The ENPP1 K121Q Polymorphism Protective Impact Agaist Hypertension in Iragi Type 2 Diabetic Patients 53 |

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Simonetta Bacci, Ornella Ludovico, Sabrina Prudeligan-Yuan Zhang, Rosa Di Paola, Davide Mangiacott
Anna Rauseo, David Nolan, Jill Duffy, Grazia Fihiucia Salvemini, Cesare Amico, Carlo Vigna, Fabio
Pellegrini, Claudia Menzaghi, Alessandro Doria, afidcenzo Trischitta. Brief genetics report the K{®
polymorphism of the ENPP1/PC-1 gene is associai#itl imsulin resistance/atherogenic phenotypes uifiolg

earlier onset of type 2 diabetes and myocardiaration. Diabetes. 2005; 54,0ct.

Barroso |, Luan Middelberg RP et al. Candidate gassociation study in type 2 diabetes indicatesla for

genes involved in beta-cell function as well asllimsaction. PLoS Biol.2003; 1:E20.

Meyre D, Bouatia-Naji N, Tounian A et al. Variart6 ENPP1 are associated with childhood and aduity
and increase the risk of glucose intolerance apd Bdiabetes. Nat Genet.2005; 37: 863-7.

Bottcher Y, Korner A, Reinehr T, Enigk B, Kiess \Stumvoll M, Kovacs P. ENPP1 variants and haplotypes
predispose to early onset obesity and impairedogli@nd insulin metabolism in German obese childreglin
Endocrinol Metab. Dec. 2006; 91:4948-52.

Santoro N, Cirillo G, Lepore MG, et al. Effect diet rs997509 polymorphism on the association between
ectonucleotide pyrophosphatase phosphodiesterase inetabolic syndrome and impaired glucose toberam
childhood obesity. J Clin Endocrinol Metab. 2004194300—-305.

Matsuoka, N. Patki A, Tiwari HK et al. Associatio K§121Q polymorphism in ENPP1 (PC-1) with BMI in
Caucasian and African-American adults. Int J Ohesd).2006; 30:233-7.

Prudente S, Chandalia M, Morini E et al. The Q12PDgenotype of ENPP1/PC-1 is associated with |dtér
in non-diabetic whites. Obesity (Silver Spring).Z0Q5:1-4.

Grarup N, Urhammer SA, Ek J et al. Studies of #lationship between the ENPP1 K121Q polymorphisch an
type 2 diabetes, insulin resistance and obesify3A3 Danish white subjects. Diabetologia.2006;d972104.

Lyon HN, Florez JC, Bersaglieri T, Saxena R, WiecklV, Aimgren P, Lindblad U, Tuomi T, Gaudet D, ZXu
Cooper R, Ardlie KG, Daly MJ, Altshuler D, Groop Hjrschhorn JN. Common variants in the ENPP1 geae a
not reproducibly associated with diabetes or opeBiabetes. 2006; 55:3180-3184.

Weedon MN, S B, Hitman G, Walker M, McCarthy M, titasley AT, Frayling TM. No evidence of associatio
of ENPP1 variants with type 2 diabetes or obesitg study of 8,089 U. K. Caucasians. Diabetes. 2086; 55:
3175-9.

Keshavarz P, | H, Sakamoto Y, Kunika K, TanahashNakamura N, Yoshikawa T, Yasui N, Shiota H, Itaku
M. No evidence for association of the ENPP1 (P®&121Q variant with risk of type 2 diabetes in a akagse
population. J Hum Genet.2006; 51:559-66.

Kubaszek A, Pihlajamaki J, Karhapaa P, Vauhkonémaakso M. The K121Q polymorphism of the PC-1 gsne
associated with insulin resistance but not withligidemia. Diabetes Care.2003; 26:464—467.

Impact Factor(JCC): 2.7341 - This article can be denloaded from www.impactjournals.us




Qasim Mohammed Taher & Mahdi Mohammed Ridha |

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Chen MP, Chung FM, Chang DM, Tsai JC, Huang HFn & et al. ENPP1 K121Q polymorphism is not related
to type 2 diabetes mellitus, features of metal®fitdrome, and diabetic cardiovascular comlicatiares Chinese
population. Rev Diabet Stud.2006; 3:21-30.

Abate N, Chandalia M, Satija P, Adams-Huet B, Gsui8l M, Sandeep S, Radha V, Deepa R, Mohan V.
ENPP1/PC-1 K121Q polymorphism and genetic susdéptito type 2 diabetes. Diabetes. 2005; 54:12@723L

Bochenski J, Placha G, Wanic K, Malecki M, SieradvkWarram JH, Krowleski AS. New polymorphism of
ENPP1 (PC-1) is associated with increased riskypé t2 diabetes among obese individuals. Diabet@86;2
55:2626 —2630.

McAteer JB, Prudente S, Bacci S, Lyon HN, HirscimhdN, Trischitta V, Florez JC. The ENPP1 K121Q
polymorphism is associated with type 2diabetesuropean populations: evidence from an updated mehgsis
in 42,042 subjects. Diabetes.2008; 57:1125-1130.

Bacci S, De Cosmo S, Prudente S, Trischitta V. EN&&he, insulin resistance and related outcomes. @uin
Clin Nutr Metab Care. 2007; 10:403- 409.

Cauchi S, Nead K T, Choquet H, Horber F, Potoczn®8alkau B et al. The genetic susceptibility toeayp
diabetes may be modulated by obesity status: imtjpdios for association studies. BMC Med Genet. 20065.

Stolerman E S, Manning A K, McAteer J B, DupuisFdx C S, Cupples L A, Meigs J B, and Florez J C.
Haplotype structure of the ENPP1 gene and nomisabaation of the K121Q missense single nucleotide

polymorphism with glycemic traits in the framinghdmmart study. Diabetes.2008; 57(7):1971-7.

Meyre D, Bouatia-Naji N, Vatin V, Veslot J, SamdonTichet J et al. ENPP1 K121Q Polymorphism andsitye
hyperglycaemia and type 2 diabetes in the prospeftlESIR Study. Diabetologia. 2007; 50:2090-2096.

Prudente, S & Trischitta, V Editorial. The pleiqgtio effect of the ENPP1 (PC-1) gene on insulin gtasice,
obesity, and type 2 diabetes. J Clin Endocrinola¥i62006; 91:4767-8.

Plum L, Schubert M, Bruning JC. The role of insulieceptor signaling in the brain. Trend Endocrinol
Metab.2005; 16:59-65.

Michael N. Weedon, Beverley Shields, Graham HitnMark Walker, Mark |. McCarthy, Andrew T. Hattergle
and Timothy M. Frayling. No evidence of associattdfENPP1 variants with type 2 diabetes or obesity study
of 8,089 U. K. Caucasians. Diabetes. 2006; 55:33739.

Roberto Baratta, Paola Rossetti, Sabrina Prudé&atasizio Barbetti,Dora Sudano, Angela Nigro, Ma@eazia
Farina, Fabio Pellegrini, Vincenzo Trischitta, dndtia Frittitta. Role of the ENPP1 K121Q polymorgi in
glucose homeostasis. Diabetes.2008; 57: 3360—3364.

Missig K, Heni M, Thamer C, Kantartzis K, Machickp Stefan N, Fritsche A, Héaring H. U, Staiger H.eTh
ENPP1 K121Q polymorphism determines individual spsibility to the insulin-sensitising effect of diftyle
intervention. Diabetologia. 2010; 53(3):504-9.

Gouni, B., E. Giannakidou, M. Faust, H. K. Berthaldd W. Kronel. The K121Q polymorphism of the plasm

Index Copernicus Value: 3.0 - Articles can be serb editor@impactjournals.us |




| The ENPP1 K121Q Polymorphism Protective Impact Agaist Hypertension in Iragi Type 2 Diabetic Patients 55 |

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

cell glycoprotein-1 gene is not associated withbdtas mellitus type 2 in German Caucasians HorrtabMe
Res.2006; 38:524-529.

Gu HF, Almgren P, Lindholm E, et al. Associationvieen the human glycoprotein PC-1 gene and elevated
glucose and insulin levels in a paired-sibling gesl Diabetes. 2000;49(9):1601-1603.

Rasmussen SK, Urhammer SA, Pizzuti A, et al. Th@1K1 variant of the human PC-1 gene is not assatiate
with insulin resistance or type 2 diabetes amongiffaCaucasian®iabetes. 2000;49(9):1608-1611.

Bhatti JS, Bhatti GK, Mastana SS, Ralhan S, Joshiewari R. ENPP1/PC-1 K121Q polymorphism and genet
susceptibility to type 2 diabetes in North Indiakial Cell Biochem. 2010;345(1-2):249-257.

Weedon MN, S B, Hitman G, Walker M, McCarthy M, titasley AT, Frayling TM. No evidence of associatio
of ENPP1 variants with type 2 diabetes or obesitg study of 8,089 U. K. Caucasians. Diabetes. 2006; 55:
3175-9.

Ezzidi I, Mtiraoui N, Cauchi S, et al. 2009. Cohtriion of Type 2 Diabetes Associated loci in thealic
Population from Tunisia: A Case-Control Study. Bied Genet, Vol.10: 33.

Gonzéalez-Sanchez JL, Martinez-Larrad MT, Fernamtaez C, Kubaszek A, Laakso M, Serrano-Rios M.
K121Q PC-1 gene polymorphism is not associated wishilin resistance in a Spanish population. Obes. R
2003; 11(5): 603-605.

Li H., Kilpeldinen T. O., Liu C., et al.. Associati of Genetic Variation in FTO with Risk of Obesi#pd Type 2
Diabetes with Data from 96,551 East and South AsiBiabetologia. 2012; 55(4): 981-995.

Y. El Achhab, D. Meyre, N. Bouatia-Naji, M. Berrghidl. Deweirder, V. Vatin, J. Delplanque, Z. SerhiBt
Lyoussi, C. Nejjari, P. Froguel, M. Chikri. Assoim of ENPP1 K121Q polymorphism with type 2 diadseand
obesity in the Moroccan population. diabetes anthb@dism. 2009; 35, 37-42.

R. Vasudevan, Patimah Ismail, Aisyah Ali, and MBairaya Mansor. No association of TCF7L2 and ENPRd.ge
polymorphism in Malaysian type 2 diabetes mellitwgh or without hypertention. Res. J. of Biological
Sciences.2009; 4(6):703-709.

Arvind Kumar Tripathi Smriti Shukla, Mrigendra Kum®wivedi, Jitendra Kumar Tripathi, Ugam Kumari
Chauhan, Manoj Indurkar, Shivam Singh. Type 2 diben a central Indian population: associationhwit
PPARG2 P121A allelebut not ENPP1 K12X&gnomics and Genetics.2013;3 :1-9.

Krauss RM. Lipids and lipoproteins in patients wighe 2 diabetes. Diabetes Care. 2004;27:1496-504.

Adeli K, Taghibiglou C, Van lIderstine SC, Lewis GMechanisms of hepatic very low-density lipoprotein

overproduction in insulin resistance. Trends indBarascular Medicine. 2001; 11:170-6.
Klein S, Fabbrini E, Ro

mijn JA. Obesity. In: Melmed S, Polonsky KS, LarseR, Kronenberg HM, editors. Williams Textbook of
Endocrinology. 12 ed. Philadelphia, PA, USA: Else\Baunders; 2011. p. 1605-32

Impact Factor(JCC): 2.7341 - This article can be denloaded from www.impactjournals.us




[ 56 Qasim Mohammed Taher & Mahdi Mohammed Ridha |

49. Anne Sofie Andreasen,Theis Pedersen-SkovsgaardiRdhaG. Berg, Kira Dynnes Svendsen, Bo Feldt-

Rasmussen, Bente K. Pedersen, Kirsten Mgller, Dypkabetes mellitus is associated with impairedkiyie

response and adhesion molecule expression in hendoioxemia. Intensive Care Med.13 march 2010.

50. Degawa-Yamauchi, M., Bovenkerk, J. E., Juliar, B.\Batson, W., Kerr, K., Jones, R., Zhu, Q. & Cdig, R.

V. serum resistin (fizz3) protein is increased liese humans. j clin endocrinol metab, 2003 ; 8825

Index Copernicus Value: 3.0 - Articles can be serb editor@impactjournals.us




