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ABSTRACT:  

The aim of this study was to investigate the association of polymorphism of telomerase reverse 

transcriptase (TERT) rs2853669 to the susceptibility of type2 diabetes mellitus in Iraqi patients. 

Forty five patients with  type 2 diabetes mellitus (20 males and 25 females) and 35 healthy 

controls (17 males and 18 females) were genotyped for telomerase reverse transcriptase (TERT) 

rs2853669 using  TaqMan custom SNP genotyping assay .In both patients and control groups , the 

distribution frequencies of genotypes and alleles of the rs2853669 A/G gene were in Hardy-

Weinberg equilibrium (p>0.05) . The most common genotype in both control and type2 diabetes 

mellitus patients was AG with a percentage of 91.12% and 74.28% respectively. The genotypes 

AG and AA were higher in type2 diabetes mellitus patients than healthy control 91.12% and 

8.88% in patients vs. 74.28% and 22.85% in controls . A allele was more predominate comparing 

to G allele with percentage of 60% and 54.44% for A, 40% and 45.56% for G in control and 

patients groups respectively with no significant differences .  

The association analysis of (TERT) rs2853669 with susceptibility to type2 diabetes mellitus 

showed that the individuals carrying the heterozygous AG genotype and homozygous AA 

genotypes were more likely to have a significantly increased risk of type2 diabetes mellitus with 

OR=3.5481 (CI95%0.9902 to 12.7128), and OR= 0.3293 (CI95% 0.0902 to 1.2020 (respectively, 

p= 0.0518 and 0.0927 for each genotype respectively. The GG genotype decreases the association 

with type2 diabetes mellitus OR=0.2527 (CI95%0.0100 to 6.3964), p =0.4041. These results 

suggested that G allele might play a protective role against type2 diabetes mellitus whereas the A 

allele might consider a risk factor in type2 diabetes mellitus . The subgroup analysis revealed that  

the type2 diabetes mellitus risk of females with (TERT) gene AG genotype was 2.6250 times 

higher than that in controls OR= 2.6250 (CI 95% 0.6155 to 11.1954), p= 0.1922 .  GG genotype 

decreases the probability of contracting the disease significantly with OR = 0.2288 (CI 95% 

0.0088 to 5.9470), p = 0.3749. AA genotype decreases also the association with type 2 diabetes 

mellitus with OR= 0.4952 (CI95% 0.1121 to 2.1879), p = 0.3539 . Among males, the AG genotype 

increased type2 diabetes mellitus  risk among patients OR=9.8966 (CI95%0.4741 to 206.6018) 

p=0.1393. The homozygous AA genotype decreases the association with the disease OR=0.1010 

(CI95%0.0048 to 2.1094) p=0.1393. There were no males with the homozygous genotype GG in 

patients and controls. 

 

Introduction  

Type 2 diabetes (T2DM) is a multifactorial disorder that 

affects multi-organ and can alter telomerase (encoded by 

hTERT gene) activity and thus, may affect telomere length 

(Huda and Yasmin and Nabi ,2021) . Telomerase, a 

ribonucleoprotein complex containing a template RNA 

subunit, a telomerase-associated protein, and a telomerase 

reverse transcriptase (TERT), extends telomeres length by 

adding telomeric repeats to the chromosome ends (Lewis 

and Wuttke ,2012). In most cells, TERT is the critical rate-

limiting component responsible for the catalytic activity of 

telomerase (Seol et al.,2008).  

Numerous evidence suggests that telomeres and 

telomerase have important roles in senescence in vitro and 

in vivo (Chen et al.,2013) . The production of high levels 

of reactive oxygen species results in a disturbance of the 

redox balance and shifts cells into a state of oxidative 

stress, which subsequently leads to premature senescence 
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with the shortening of telomeres (Concetti et al.,2013). 

Therefore, diabetes may be associated with the loss of 

function of telomerase activity. Telomerase activity may 

decrease upon having diabetes (Huda and Yasmin and 

Nabi ,2021) . 

Single nucleotide polymorphisms (SNPs) in the TERT 

region have been linked to telomer biology disorders , 

including, but not limited to, bone marrow failure 

(Vulliamy et al.,2005 ; Yamaguchi et al.,2005) , aplastic 

anemia (Yamaguchi et al.,2005) , myeloid dysplastic 

syndrome (a type of haematopoietic stem cell deficiency 

disorder) (Rollison et al.,2011) , combined pulmonary 

fibrosis and emphysema (George et al.,2015) , and cancers 

of hematopoietic or epithelial origins (Kachuri et al.,2016 

; Zhang et al.,2014 ; Donaires et al.,2017) . Recently, two 

TERT gene SNPs, namely rs2736100 and rs2853669, 

previously associated with myeloproliferative neoplasms 

(Trifa et al.,2018 ; Trifa et al.,2016) . However, there are 

rare data on the relationship between type2 diabetes 

mellitus and TERT gene polymorphism . 

The present study was designed to analysis the 

polymorphism of  telomerase reverse transcriptase(TERT) 

rs2853669 and to determine whether there is an 

association between this polymorphism and type2 diabetes 

mellitus  phenotype in an Iraqi population from Wasit 

province.  

 

Materials and Methods 

 This is a case –control study, The participants included 45 

of type2 diabetes mellitus  patient (20 males and 25 

females) their age 40 to 70 years (mean ± standard 

deviation: 57.95 ± 52.04 years, median= 53 years). The 

control group comprised of 35 healthy individuals (17 

males and 18 females), their age 40-70 years (mean ± 

standard deviation: 51.88 ± 46.38 years, median=45 

years). Data collection encompassed a range of factors, 

including demographic details, medical history, and 

sample collection date, gathered from participants who 

met global diagnostic criteria. samples were collected 

from Al-Azizia General Hospital and blood bank in Al-

Azizia , Wasit province , Iraq . For blood sample 

collection, 3 ml of blood was obtained via vein puncture 

from each participant, with the collected blood then 

transferred to sterile ethylenediaminetetraacetic acid –k3 

(EDTA) tubes, labelled, and stored at -20°C for 

subsequent DNA extraction and genotyping.  

 

 

Genomic DNA Extraction:  

Genomic DNA was extracted from whole blood utilizing 

the Quick-DNA™ Blood MiniPrep kit (Zymo, USA) 

Catalogue Nos. D3024 & D3025. The quality of the 

extracted genomic DNA was assessed via Nanodrop, 

measuring the A260/A280 absorbance ratio within the 

range of 1.8 to 2.0, indicative of high quality.  

 

SNPs Genotyping:  

The TaqMan custom SNP genotyping assay from Thermo 

Fisher Scientific was utilized for genotyping the SNP 

rs2853669 in the telomerase reverse transcriptase(TERT) 

gene. Real-time PCR was employed for the allele-specific 

discriminating approach. The reference and alternative 

alleles for rs2853669 were referred to from NCBI.  

 

Statistical Analysis: 

The data analysis was carried out using SPSS 21.0 

software. The significance level (P-value) was categorized 

as follows: Sig. denoting Significant (P<0.05), and NS 

representing non-Significant. Analysis of variance 

(ANOVA) was employed to assess group differences.  

 

Results  

In both patients and control groups, the distribution 

frequencies of genotypes and alleles  of telomerase 

reverse transcriptase (TERT) rs2853669 A/G was not 

consistent with Hardy-Weinberg equilibrium (Chi sq. 

4.512< 3.84) (P<0.05) that the genetic and genotype 

frequency is  not constant from generation to generation . 

The allele and genotype frequencies of rs2853669 A/G 

gene polymorphisms were used to estimate the odds ratio 

(OR), confidence intervals (95% CIs) and p-value .  The 

results showed that the frequency of the heterozygous AG 

genotype was the main genotype in patients compared to 

the control group with a percentage of 91.12% in patients, 

while its percentage in control was 74.28% . The AA 

genotype displayed nonsignificant difference when 

comparing patients with control type2 patients (8.88 %) 

compared to control (22.85 %). While, the GG genotype 

was less frequent  with a percentage of (0.00%) in patients 

which means that this genotype did not appear in the 

sample under study and (2.87%) in control . The A and G 

allele frequencies in SNP rs2853669 A/G were not 

significantly different between the two groups (P>0.05). 

The G allele was the major one in studied groups with a 

percent of  60% and 54.44%  in control and patients 

groups respectively, whereas the A allele was the minor 
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one  with a percent of 40% and 45.56 % in these groups respectively . 

  

 

Table (1) Distribution of genotypes and allele frequencies of telomerase reverse transcriptase (TERT) rs2853669 in Type 2 

diabetes mellitus  patients and controls 

Allele frequency (%) Genotype (%) 

 

Groups 

G A GG AG AA 

28(40%) 42(60%) 1(2.87) 26(74.28) 8(22.85) Control 

41(45.56%) 49(54.44%) 0.00 41(91.12) 4(8.88) Patients 

4.512 

0.104 

Chi square 

P-value 

Ns. Significance 

Ns: non-significant P>0.05   

 

Susceptibility analysis of telomerase reverse 

transcriptase (TERT) rs2853669 polymorphism with 

type 2 diabetes mellitus  

Table (2) shows the association of each genotype of 

telomerase reverse transcriptase (TERT) rs2853669 with 

susceptibility to type 2 diabetes mellitus. This further 

analysis showed that the individuals carrying the 

homozygous AG genotype were more likely to have 

increased risk of type 2 diabetes mellitus significantly with 

OR= 3.5481 (CI95%  0.9902 to 12.7128) ,p=0.0518 . The 

genotypes GG and AA decreases the association with type 

2 diabetes mellitus with OR= 0.2527 (CI95% 0.0100 to 

6.3964), and p= 0.4041 and OR=0.3293 (CI95% 0.0902 to 

1.2020 ) and p= 0.0927 for each genotype respectively.

  

 

Table (2) Odds ratio of telomerase reverse transcriptase (TERT) rs2853669 in patients with Type 2 diabetes mellitus and 

controls 

Signific

ance 

P-value OR95%CI OR Patients Control Genotype

s 

Ns. 0.0927 0.0902 to 1.2020 0.3293 4(8.88) 8(22.85) 

 

AA 

Sig. * 0.0518 0.9902 to 12.7128 3.5481 41(91.12) 26(74.28) 

 

AG 

Ns. 0.4041 0.0100 to 6.3964 0.2527 0.00 1(2.87) 

 

GG 

Ns. 0.4818 0.6664 to 2.3638 1.2551   (54.44)% 49 

   

(45.56)% 41 

42A  

(60)%  

28G  

(40)%  

Allelic A 

vs G 

       *P< 0.05  ,Ns: non-significant P>0.05   

 

The odds ratio among females of telomerase reverse 

transcriptase (TERT) rs2853669 in studied groups  

Association analysis showed that the type 2 diabetes 

mellitus risk of females with telomerase reverse 

transcriptase (TERT) gene AG genotype was 2.6250 times 

higher than that in controls OR= 2.6250 (CI 95% 0.6155 

to 11.1954), p= 0.1922 . Table (3) . GG genotype 

decreases the probability of contracting the disease 

significantly with OR = 0.2288 (CI 95% 0.0088 to 

5.9470), P = 0.3749. AA genotype decreases also the 

association with type 2 diabetes mellitus with OR= 0.4952 

(CI95% 0.1121 to 2.1879), P = 0.3539. 
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Table (3) Odds ratio of telomerase reverse transcriptase (TERT) rs2853669 in females with type 2 diabetes mellitus patients 

and control 

Significance P value OR95%CI OR Patients Control Genotypes 

Ns. 0.3539 0.1121 to 2.1879 0.4952 4 5 

 

AA 

Ns. 0.1922 0.6155 to 11.1954 2.6250 21 12 AG 

Ns. 0.3749 0.0088 to 5.9470 0.2288 0.00 1 

 

GG 

      Ns: non-significant P>0.05 

 

The odds ratio among males of telomerase reverse 

transcriptase (TERT) rs2853669 in studied groups  

Type 2 diabetes mellitus  patients particularly with AG 

genotype increases the association about 9 times among 

males patients than that in controls OR= 9.8966 ( CI95% 

0.4741 to 206.6018), P = 0.1393 . Genotype AA reduce 

the likelihood of  type 2 diabetes mellitus with OR= 

0.1010 ( CI95% 0.0048 to 2.1094),P= 0.1393 . There were 

no males with the homozygous genotype GG in patients 

and controls. 

  

Table (4) Odds ratio of telomerase reverse transcriptase (TERT) rs2853669 among males with Type 2 diabetes mellitus 

patients and controls 

Significance P value OR95%CI OR Patients Control Genotypes 

Ns. 0.1393 2.1094 to 0.0048 0.1010 0.00 3 

 

AA 

Ns. 0.1393 206.6018 to 0.4741 9.8966 20 14 

 

AG 

 no no no 0.00 0.00 

 

GG 

       Ns: non-significant P>0.05 

 

Discussion  

The most important result of the present study is the 

association of type2 diabetes mellitus  and TERT gene 

polymorphism. The TERT gene is located on chromosome 

5p15.33 (Cong and Wen and Bacchetti ,1999) and encodes 

the catalytic subunit of telomerase (Kilian et al.,1997) . In 

the present study,  SNPs have investigated : rs2853669 in 

the TERT promoter located within intron 2 of TERT in 

patients with type2 diabetes mellitus and healthy controls. 

Although a growing body of evidence supports an 

association between short telomeres and type 2 diabetes 

mellitus (T2DM), most studies have been cross-sectional 

by nature, trying to answer whether the metabolic 

disturbances of T2DM cause telomere attrition or if the 

shorter telomeres lead to higher risk of T2DM. Biological 

hypotheses address both scenarios. Short telomeres may 

lead to premature cell senescence, resulting in the reduced 

cell mass and subsequently impaired insulin secretion and 

glucose tolerance (Elks and Scott ,2014) . Conversely, 

elevated blood glucose concentrations increase oxidative 

stress and potentially interfere with telomerase function 

leading to shorter telomeres. On the other hand, high 

concentration of blood glucose alone, as shown in cultured 

human fibroblasts, did not cause telomere shortening. 

However, it was significantly accelerated in cell cultures 

containing the pro-inflammatory cytokine, interleukin 1 

beta (Salpea et al.,2013) . 

In previous studies that have investigated the association 

of polymorphisms of several factors and other biomarkers 

among patients with type2 DM from Wasit province, Balal 

and Ghali,2021 revealed that IL-10 is a major contributor 

to the onset of type 2 diabetes mellitus and there may be a 

correlation between low levels of interleukin-10 and type 

two diabetes. Al-Sarray and Ahmed ,2021 found that may 

be a correlation between high levels of TNF-α and type 2 

diabetes mellitus. Shamkhi and Ahmed, 2021 displayed 

that levels of SIRT1 may be not associated with type2 

diabetes mellitus. Furthermore, the cell free mitochondrial 
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DNA increases significantly in patients with type2 

diabetes mellitus (Hussein and Ghali,2022). COX-1 is a 

major contributor to the onset of type 2 diabetes and there 

may be an association between low levels of 

cyclooxygenase-1and type 2 diabetes ( Jebil and 

Ghali2021). The association analysis of IL-17AG197A 

gene polymorphism with T2DM displayed that 

heterozygous AG genotype of IL-17AG197A showed a 

risk association among T2DM with OR=1.24 CI95% (0.31 

- 5.01) p-value =1.00 and the G allele was associated with 

an increased risk ofT2DM (Khadhum and Ahmed ,2022). 

Mahmood and Ghali,2022 a revealed that there was an 

association between the polymorphism of Osteoprotegerin 

(OPG) polymorphism and  susceptibility to type2 diabetes 

mellitus. Mahmood and Ghali,2022 b found also that  

there may be a correlation between high levels of OPG 

and T2DM.  

There are no studies that investigated the association  of    

telomerase reverse transcriptase (TERT) rs2853669 

variant A>G in type 2 diabetes mellitus patients, as most 

of the previous studies dealt with this gene in patients with 

different types of cancer or investigated the TERT 

rs2853669 variant T > C, in type 2 diabetes mellitus 

patients . Therefore, this work is the first study that 

investigates the genetic polymorphism of TERT A <G 

rs2853669 in patients with type 2 diabetes. 

 The polymorphism of TERT rs2853669  in the current 

study showed significant deviation from the Hardy-

Weinberg distribution, with higher proportion of 

heterozygotes in T2DM subjects. The association  analysis 

of each genotype TERT rs2853669 with susceptibility to 

Type 2 diabetes mellitus showed that the individuals 

carrying the homozygous AG genotype were more likely 

to have increased risk of type 2 diabetes mellitus .These 

results are in consistent with (Goswami et al.,2021) which 

their results suggested a possible role of telomere biology 

in T2DM. In a study with Polish T2DM cases and 

controls, the researchers did not find any association with 

the rs2853669 TC genotype and T2DM (Gutmajster et 

al.,2018) Several cancers have been associated with 

rs2853669 polymorphism, such as breast cancer and lung 

cancer  (Savage et al.,2007 ; Zhong et al.,2013) , though 

relevant results remain inconclusive. Significant 

association has also been detected between rs2853669 

polymorphism and AML susceptibility in a Swedish 

population (Mosrati et al.,2015) , but no significant 

association was detected in Chinese Han population. 

Vinothkumar  etal., 2020 (Vinothkumar et al.,2020) 

displayed that significantly high frequency (41%) of 

homozygous variant allele rs2853669 (GG) in patients 

with cervical cancer compared with control samples 

[Recessive allele model odds ratio (OR)=1.71; 95% 

CI=1.20‑2.43; P=0.003]and the variant allele ‘G’ showed a 

significantly increased association with cancer risk in the 

dominant model. These results were consistent with 

previous studies reported from other human cancer types  

(Spiegl-Kreinecker et al.,2015 ; Yoo et al.,2015 ; Shadrina 

et al.,2015 ;  Helbig et al.,2017) . The difference might be 

caused by different genetic backgrounds. rs2853669 is 

located upstream of the hTERT transcription starting site 

and within a specificbinding site for Ets2 (Cawthon ,2002) 

. This variant has been suggested to be a positive regulator 

of the hTERT gene that is required for telomerase 

activation. A transition mutation from ancestral T to 

mutant C of rs2853669 results in the damage of Ets2 core 

binding sequence ‘GGAA/T’, which may affect the 

binding ability of Ets2 and therefore, the transcriptional 

efficiency and expression level of the hTERT gene. It is 

interesting to note that whether wild type T allele or 

mutant C allele containing hTERT promoter sequence will 

be considered as a better choice because Ets2 interacts 

with c-Myc and together they binds to hTERT promoter 

that ultimately leads to proliferation of breast cancer 

(Cheng et al.,2020) . The subgroup analysis by gender 

showed that the risk genotype AG of TERT rs2853669 was 

not found to be correlated with the gender in patients with 

T2DM that needs further exploration in larger sample size 

for conclusions. The subgroup analysis by gender showed 

interesting results.  

 

Conclusion  

The polymorphism of telomerase reverse transcriptase 

rs2853669 variant A>G are associated with the 

susceptibility of type2 diabetes mellitus. This effect is 

comparable in males and females. The polymorphism of 

(TERT) rs2853669 variant A>G suggest the importance of 

telomere maintenance pathway in T2DM susceptibility. 

The genotype AG of (TERT) rs2853669 variant A>G 

increases the risk of T2DM and the A allele is a risk factor 

in T2DM.  

 

References  

1. Al-Sarray, A.J. and Ahmed, I.H., 2021. Serum TNF-

Α Concentrations In Type Two Diabetes Mellitus. 

NVEO-NATURAL VOLATILES & ESSENTIAL 

OILS Journal| NVEO, pp.540-546. 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2023) 13(5), 83-90 | ISSN:2251-6727 

  

 

 
88 

2. Cawthon, R.M., 2002. Telomere measurement by 

quantitative PCR. Nucleic acids research, 30(10), 

pp.e47-e47. 

3. Chen, P., Zou, P., Yan, Q., Xu, H., Zhao, P. and Gu, 

A., 2013. The TERT MNS16A polymorphism 

contributes to cancer susceptibility: meta-analysis of 

the current studies. Gene, 519(2), pp.266-270. 

4. Cheng, F., Luk, A.O., Tam, C.H., Fan, B., Wu, H., 

Yang, A., Lau, E.S., Ng, A.C., Lim, C.K., Lee, H.M. 

and Chow, E., 2020. Shortened relative leukocyte 

telomere length is associated with prevalent and 

incident cardiovascular complications in type 2 

diabetes: analysis from the Hong Kong diabetes 

register. Diabetes Care, 43(9), pp.2257-2265 . 

5. Concetti, F., Lucarini, N., Carpi, F.M., Di Pietro, F., 

Dato, S., Capitani, M., Nabissi, M., Santoni, G., 

Mignini, F., Passarino, G. and Napolioni, V., 2013. 

The functional VNTR MNS16A of the TERT gene is 

associated with human longevity in a population of 

Central Italy. Experimental Gerontology, 48(6), 

pp.587-592. 

6. Cong, Y.S., Wen, J. and Bacchetti, S., 1999. The 

human telomerase catalytic subunit hTERT: 

organization of the gene and characterization of the 

promoter. Human molecular genetics, 8(1), pp.137-

142. 

7. Donaires, F.S., Scatena, N.F., Alves-Paiva, R.M., 

Podlevsky, J.D., Logeswaran, D., Santana, B.A., 

Teixeira, A.C., Chen, J.J.L., Calado, R.T. and 

Martinelli, A.L., 2017. Telomere biology and 

telomerase mutations in cirrhotic patients with 

hepatocellular carcinoma. PLoS One, 12(8), 

p.e0183287 . 

8. Elks, C.E. and Scott, R.A., 2014. The long and short 

of telomere length and diabetes. Diabetes, 63(1), 

pp.65-68 . 

9. George, G., Rosas, I.O., Cui, Y., McKane, C., 

Hunninghake, G.M., Camp, P.C., Raby, B.A., 

Goldberg, H.J. and El-Chemaly, S., 2015. Short 

telomeres, telomeropathy, and subclinical 

extrapulmonary organ damage in patients with 

interstitial lung disease. Chest, 147(6), pp.1549-1557. 

10. Ghali,Z.H.and JebilH.D., 2021. Evaluation Of Serum 

Levels Of Cyclooxygenase-1 (COX-1) Among 

Patients With Type Two Diabetes Mellitus (T2DM). 

NVEO-NATURAL VOLATILES & ESSENTIAL 

OILS Journal| NVEO, pp.511-515. 

11. Goswami, A., Huda, N., Yasmin, T., Hosen, M.I., 

Hasan, A.M. and Nabi, A.N., 2021. Association 

study of leukocyte telomere length and genetic 

polymorphism within hTERT promoter with type 2 

diabetes in Bangladeshi population. Molecular 

Biology Reports, 48, pp.285-295. 

12. Gutmajster, E., Chudek, J., Augusciak-Duma, A., 

Szwed, M., Szybalska, A., Mossakowska, M., 

Puzianowska-Kuznicka, M., Wiecek, A. and Sieron, 

A.L., 2018. Possible association of the TERT 

promoter polymorphisms rs2735940, rs7712562 and 

rs2853669 with diabetes mellitus in obese elderly 

Polish population: results from the national PolSenior 

study. Journal of applied genetics, 59, pp.291-299. 

13. Helbig, S., Wockner, L., Bouendeu, A., Hille-Betz, 

U., McCue, K., French, J.D., Edwards, S.L., Pickett, 

H.A., Reddel, R.R., Chenevix-Trench, G. and Dörk, 

T., 2017. Functional dissection of breast cancer risk-

associated TERT promoter variants. Oncotarget, 

8(40), p.67203-67217. 

14. Huda, N., Yasmin, T. and Nabi, A.N., 2021. 

MNS16A VNTR polymorphism of human 

telomerase gene: Elucidation of a gender specific 

potential allele associated with type 2 diabetes in 

Bangladeshi population. Journal of Diabetes and its 

Complications, 35(10), p.108018 . 

15. Hussein, A.R. and Ghali, Z.H., 2022. Analysis Of 

Cell Free DNA And Cf-Mt DNA As Molecular 

Markers In Patients With Type-2 Diabetes Mellitus. 

NVEO-NATURAL VOLATILES & ESSENTIAL 

OILS Journal| NVEO, pp.444-449. 

16. Kachuri, L., Amos, C.I., McKay, J.D., Johansson, 

M., Vineis, P., Bueno-de-Mesquita, H.B., Boutron-

Ruault, M.C., Johansson, M., Quirós, J.R., Sieri, S. 

and Travis, R.C., 2016. Fine mapping of 

chromosome 5p15. 33 based on a targeted deep 

sequencing and high density genotyping identifies 

novel lung cancer susceptibility loci. Carcinogenesis, 

37(1), pp.96-105. 

17. Kadhum, M.S. and Ahmed, I.H., 2022. THE 

INFLUENCE OF IL-17A GENETIC 

POLYMORPHISM ON THE SUSCEPTIBILITY OF 

TYPE 2 DIABETES MELLITUS IN IRAQI 

PATIENTS, Pages No: 288-291 . 

18. Kilian, A., Bowtell, D.D., Abud, H.E., Hime, G.R., 

Venter, D.J., Keese, P.K., Duncan, E.L., Reddel, 

R.R. and Jefferson, R.A., 1997. Isolation of a 

candidate human telomerase catalytic subunit gene, 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2023) 13(5), 83-90 | ISSN:2251-6727 

  

 

 
89 

which reveals complex splicing patterns in different 

cell types. Human molecular genetics, 6(12), 

pp.2011-2019 . 

19. Lewis, K.A. and Wuttke, D.S., 2012. Telomerase and 

telomere-associated proteins: structural insights into 

mechanism and evolution. Structure, 20(1), pp.28-39. 

20. Mahmood, D.Q. and Ghali, Z.H., 2022. 

ASSOCIATION OF OSTEOPROTEGERIN OPG 

T950C POLYMORPHISM TO SUSCEPTIBILITY 

OF TYPE 2 DIABETES MELLITUS, Pages No. 

280-283 . 

21. Mahmood, D.Q. and Ghali, Z.H., 2022. Evaluation of 

Osteoprotegerin (OPG) levels among Iraqi type2 

diabetic patients, 6(S7), 517–521.  

22. Mosrati, M.A., Malmström, A., Lysiak, M., 

Krysztofiak, A., Hallbeck, M., Milos, P., Hallbeck, 

A.L., Bratthäll, C., Strandéus, M., Stenmark-

Askmalm, M. and Söderkvist, P., 2015. TERT 

promoter mutations and polymorphisms as 

prognostic factors in primary glioblastoma. 

Oncotarget, 6(18), p.16663. 

23. Rollison, D.E., Epling-Burnette, P.K., Park, J.Y., 

Lee, J.H., Park, H., Jonathan, K., Cole, A.L., Painter, 

J.S., Guerrier, M., MelÉndez-Santiago, J. and Fulp, 

W., 2011. Telomere length in myelodysplastic 

syndromes. Leukemia & lymphoma, 52(8), pp.1528-

1536. 

24. Salpea, K.D., Maubaret, C.G., Kathagen, A., Ken-

Dror, G., Gilroy, D.W. and Humphries, S.E., 2013. 

The effect of pro-inflammatory conditioning and/or 

high glucose on telomere shortening of aging 

fibroblasts. PloS one, 8(9), p.e73756. 

25. Savage, S.A., Chanock, S.J., Lissowska, J., Brinton, 

L.A., Richesson, D., Peplonska, B., Bardin-

Mikolajczak, A., Zatonski, W., Szeszenia-

Dąbrowska, N. and Garcia-Closas, M., 2007. Genetic 

variation in five genes important in telomere biology 

and risk for breast cancer. British journal of cancer, 

97(6), pp.832-836. 

26. Seol, S.Y., Lee, S.Y., Kim, Y.D., Do, E.J., Kwon, 

J.A., Kim, S.I., Chu, I.S. and Leem, S.H., 2008. 

Minisatellite polymorphisms of the SLC6A19: 

susceptibility in hypertension. Biochemical and 

biophysical research communications, 374(4), 

pp.714-719. 

27. Shadrina, A.S., Boyarskikh, U.A., Oskina, N.A., 

Sinkina, T.V., Lazarev, A.F., Petrova, V.D. and 

Filipenko, M.L., 2015. TERT polymorphisms 

rs2853669 and rs7726159 influence on prostate 

cancer risk in Russian population. Tumor Biology, 

36, pp.841-847 . 

28. Shamkhi, R.J. and Ahmed, I.H., Association between 

Sirtuin1 levels and Type2-Diabetes Mellitus. Turkish 

Journal of Physiotherapy and Rehabilitation, 32, p.3. 

29. Spiegl-Kreinecker, S., Lötsch, D., Ghanim, B., 

Pirker, C., Mohr, T., Laaber, M., Weis, S., 

Olschowski, A., Webersinke, G., Pichler, J. and 

Berger, W., 2015. Prognostic quality of activating 

TERT promoter mutations in glioblastoma: 

interaction with the rs2853669 polymorphism and 

patient age at diagnosis. Neuro-oncology, 17(9), 

pp.1231-1240 . 

30. Trifa, A.P., Bănescu, C., Bojan, A.S., Voina, C.M., 

Popa, Ș., Vișan, S., Ciubean, A.D., Tripon, F., Dima, 

D., Popov, V.M. and Vesa, Ș.C., 2018. MECOM, 

HBS1L‐MYB, THRB‐RARB, JAK2, and TERT 

polymorphisms defining the genetic predisposition to 

myeloproliferative neoplasms: a study on 939 

patients. American Journal of Hematology, 93(1), 

pp.100-106 . 

31. Trifa, A.P., Bănescu, C., Tevet, M., Bojan, A., Dima, 

D., Urian, L., Török‐Vistai, T., Popov, V.M., 

Zdrenghea, M., Petrov, L. and Vasilache, A., 2016. 

TERT rs2736100 A> C SNP and JAK 2 46/1 

haplotype significantly contribute to the occurrence 

of JAK 2 V617F and CALR mutated 

myeloproliferative neoplasms–a multicentric study 

on 529 patients. British Journal of Haematology, 

174(2), pp.218-226 . 

32. Vinothkumar, V., Arun, K., Arunkumar, G., 

Revathidevi, S., Ramani, R., Bhaskar, L.V., 

Murugan, A.K. and Munirajan, A.K., 2020. 

Association between functional TERT promoter 

polymorphism rs2853669 and cervical cancer risk in 

South Indian women. Molecular and Clinical 

Oncology, 12(5), pp.485-494 . 

33. Vulliamy, T.J., Walne, A., Baskaradas, A., Mason, 

P.J., Marrone, A. and Dokal, I., 2005. Mutations in 

the reverse transcriptase component of telomerase 

(TERT) in patients with bone marrow failure. Blood 

Cells, Molecules, and Diseases, 34(3), pp.257-263. 

34. Yamaguchi, H., Calado, R.T., Ly, H., Kajigaya, S., 

Baerlocher, G.M., Chanock, S.J., Lansdorp, P.M. and 

Young, N.S., 2005. Mutations in TERT, the gene for 

telomerase reverse transcriptase, in aplastic anemia. 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2023) 13(5), 83-90 | ISSN:2251-6727 

  

 

 
90 

New England Journal of Medicine, 352(14), pp.1413-

1424. 

35. Yoo, S.S., Do, S.K., Choi, J.E., Lee, S.Y., Lee, J., 

Cha, S.I., Kim, C.H. and Park, J.Y., 2015. TERT 

polymorphism rs2853669 influences on lung cancer 

risk in the Korean population. Journal of Korean 

medical science, 30(10), pp.1423-1428 . 

36. Yousif, B.A. and Ghali, Z.H., 2021. Evaluation Of 

Serum Levels Of Interleukin-10 Among Patients 

With Type Two Diabetes Mellitus (T2DM). NVEO-

NATURAL VOLATILES & ESSENTIAL OILS 

Journal| NVEO, pp.496-499.  

37. Zhang, Y., Calado, R., Rao, M., Hong, J.A., Meeker, 

A.K., Dumitriu, B., Atay, S., McCormick, P.J., 

Garfield, S.H., Wangsa, D. and Padilla-Nash, H.M., 

2014. Telomerase variant A279T induces telomere 

dysfunction and inhibits non-canonical telomerase 

activity in esophageal carcinomas. PloS one, 9(7), 

p.e101010 . 

38. Zhong, R., Liu, L., Zou, L., Zhu, Y., Chen, W., Zhu, 

B., Shen, N., Rui, R., Long, L., Ke, J. and Lu, X., 

2013. Genetic variations in TERT‐CLPTM1L locus 

are associated with risk of lung cancer in Chinese 

population. Molecular carcinogenesis, 52(S1), 

pp.118-126 .

 

 

http://www.jchr.org/

