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Abstract

Background: Growth Differentiation Factor 15 (GDF15) and Telomerase Reverse Transcriptase (TERT)
may be involved in cardiovascular disease. We hypothesised altered expression of the genes for these
molecules in acute coronary artery disease (CAD).

Methods: Venous blood was obtained from 53 patients (27 with diabetes) presenting with an acute
coronary syndrome and subsequently shown to have CAD, and from 46 age and sex matched controls
free of cardiovascular disease and its risk factors. Relative expression of leukocyte transcriptome
GAPDH, GDF15 and TERT were determined by RT-PCR and quantified by quantitation-comparative
Ct (AC).

Results: Compared to controls, mean (95% CI) expression of GDF175 in the patients was 1.38 (1.13-1.49)
(p<0.001), and of TERT was 1.12 (1.04-1.20) p=0.003), with GDF75 being greater than that of TERT
(p<0.001). There was no difference in GDF75 expression in 26 patients free of diabetes (1.6 [1.42-1.78])
versus 27 with diabetes (1.6 [1.29-1.91]) (p=0.996), and no difference in the TERT expression in patients
free of diabetes (1.19 [1.06-1.33]) compared to those with diabetes (1.25 [0.98-1.50]) (p=0.739).
Conclusions: GDF15 and TERT expressions are both increased in CAD and in CAD+diabetes, with no
difference between the patient groups. These genes may have roles in the pathogenesis of acute CAD.

1. Introduction

The pathogenesis of coronary artery disease has long been linked to the four major risk factors of diabetes,
hypertension, hypercholesterolemia and smoking, but numerous genetic influences are emerging (1,2). Growth
differentiation factor 15 (GDF-15), also known as macrophage inhibitory cytokine-1, is a member of the
transforming growth factor-§ super family and has functions likely to have a role in numerous processes such as
angiogenesis and inflammation (3). Coded for by GDF75 at 19p13.11, increased serum levels have been reported
in many cardiovascular diseases such as atrial fibrillation and heart failure and are linked to increased all-cause
death and cardiovascular death in coronary artery disease and with death following an ischaemic stroke (4,5).
Several studies have indicated that levels of circulating GDF-15rise with age and are directly, perhaps causally,
linked to the etiology of these cardiovascular diseases (6,7). Data from the Framingham study points to effects of
risk factors as well as genetics on plasma concentrations of GDF-15 (8), and although variants of GDF75 are
linked to ischaemic stroke in a Chinese population (9), this has been countered in a meta-analysis (10).

Telomere length has long been associated with a variety of diseases, including atherogenesis and CAD
(11-13). Telomerase is a ribonucleoprotein enzyme with two catalytically essential subunits, the telomerase RNA,
and telomerase reverse transcriptase protein (TERT) that regulates telomere length (14,15).
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As this enzyme effectively reduces telomere length, several commentators have suggested it may be a new
therapeutic target (16,17). Over-expression of human TERT (h-TERT), coded for by TERT at 5p15.33, may be
important in cancer (18), whilst variants of TERT may be linked to outcome in stable CAD (19) and risk of
ischaemic stroke (20).

Thus, the literature points to potential roles for both GDF75 and TERT and their protein products in
coronary artery disease. However, the great majority of clinical data focuses on late-middle aged and elderly
patients, with little data on the young middle-aged. Our literature search failed to find any report of both genes or
molecules analysed together. In order to fill this gap in the knowledge, we therefore hypothesised altered
expression of both GDF75 and TERT in relatively young patients presenting to hospital with an acute coronary
syndrome subsequently shown to be a myocardial infarction.

2. Methods

We tested our hypothesis in consecutive patients with existing cardiovascular disease (myocardial
infarction, stroke, arterial surgery) aged up to 55 years old presenting to the Cardiac Catheter Unit, Cardiology
Department, Assuit University Hospital in an acute coronary syndrome subsequently shown by angiography to
have CAD precipitating a myocardial infarction. Data from patients was controlled by samples from healthy
hospital and laboratory staff free of cardiovascular disease or its risk factors. Exclusion criteria were age >55 years,
psychological disorders, cancer, autoimmune diseases, acute or chronic inflammatory diseases, and diabetic
patients treated with an inhibitor of dipeptidyl peptidase. The purpose and method of the study were explained to
each participant and informed consent was obtained. A predesigned case record form was used to record age and
clinical data of the consenting subjects. This study was approved by the ethical committee of the Faculty of
Medicine, Assiut University IRB no. 17200057).

Venous blood was collected from each patient on presentation, and from each control. Serum urea,
creatinine, creatine kinase, creatine kinase MB, Troponin-T (patients only), HbAlc, total cholesterol, triglycerides,
and high-density lipoprotein were performed by the routine hospital clinical chemistry service (which subscribes
to the national quality control service) by established methods. Low-density lipoprotein was calculated according
to the Freidwald formula.

Total RNA was extracted from EDTA-anticoagulated whole blood using Direct-zol™ RNA Miniprep Plus
(Zymo Reseatch, Irvine, CA, USA), followed by a SensiFAST™ SYBR® Hi-ROX One-Step Kit for cDNA by
RT-PCR (Meridian Bioscience, Memphis, TN, USA). The reactions were performed in a thermal cycler (M]
Research, Inc., Waltham, MA, USA) and the reaction products stored at -20°C until the subsequent step 2. The
thermal profile consisted of 20 minutes at 46°C for reverse transcription (RT) then at 95°C for 1 minute for RT
inactivation. Gene expression was standardized to that of GAPDH as a control and is registered as fold change.
We applied 1 pM of each forward and reverse primer specific for each target gene: TERT 5
GGAGCAAGTTGCAAAGCATTG3' 5' TCCCACGACGTAGTCCATGTT-3.GDF15 ,5
"TCAAGGTCGTGGGACGTGACA 35 5  GCCGTGCGGACGAAGATTICT 3and GAPDH, 5-
AGCCACATCGCTCAGACAC-3"and5-GCCCAATACGACCAAATCC-3". The products were hybridized to the
SYBR green dye. The mean expression levels of GDF75 and TERT mRNA relative to those of GAPDH were
analysed utilizing the quantitation-comparative Ct (AACt) method on a fluorescence quantitative PCR analyser
(ABI 7500, Applied Biosystems, Foster City, CA, USA).

We hypothesised a difference in relative expression of GDF75 or TERT of at least 12.5% compared to
expression in the controls. To achieve this at alpha <0.05 and 1-beta >80% calls for 40 per group, and for
additional assurance we recruited in excess of this requirement. A sample size of 80 provides the power to defend
a Pearson correlation coefficient of >0.31. In post-hoc analyses we noted the large number of diabetics and
considered their analysis in relation to non-diabetics. A sample size of 25 per group provides the power to
robustly defend a difference of 16% in a test statistic compared to a control group, and a sample size of 50
provides the power to defend a Pearson correlation coefficient of >0.39. Categorical data were analysed by the
chi-squared test, continuously variable data by student’s t test or the Mann-Whitney U test and correlated by
Pearson’s method. All analyses were performed on Minitab release 21.

3. Results

3.1: The larger case-control analysis

Clinical, demographic, and laboratory data of the controls and patients are shown in table 1.
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Table 1: Clinical, demographic and laboratory data on Cases and Controls

Controls Cases P value

(n=406) (n=53)
Age (years) 40.3 (11.1) 42.9 (9.6) 0.205
Sex (m/f)(n) 31/15 41/12 0.267
Urea (mg/dL) 4.2 (1.8) 4.2 (1.4 0.835
Creatinine (mg/dL) 0.88 (0.27) 1.15 (0.46) <0.001
CK (IU/L) 39 (13) 138 (46) <0.001
CK-MB (ng/mL) 0.8 (0.3) 7.5 (4.0) <0.001
Cholesterol (mg/dL) 135 (12) 211 (59) <0.001
Triglycerides (mg/dL) 93 (17) 111 (33) 0.001
HDL (mg/dL) 37.(7) 42 (10) 0.003
LDL (mg/dL) 79 (16) 147 (58) <0.001
HbAlc (%) 4.7 (0.4) 8.1 (3.6) <0.001
GADPH expression (units) 17.7 (5.5) 18.6 (5.7) 0.403
GDF15 expression (units) 19.9 (5.7) 26.8 (3.6) <0.001
TERT expression (units) 17.7 (5.4) 21.3 (6.3) 0.003

Data are mean (standard deviation) or number of subjects. CK = creatine kinase, CK-MB =
creatine kinase isotype MB. HDL = high density lipoprotein, LDL = low density lipoprotein.

The two groups were matched for age and sex. There was no difference in levels of serum urea between
the groups, but (as partially expected) creatinine, HbAlc, all cardiology metrics, and all lipid metrics were
increased in the patients. There was no difference in the expression of GAPDH between the groups, but the
expression of GDF75 and TERT were both increased. Compared to expression in controls, mean (95%
confidence interval) relative expression of GDF75 in the patients was 1.38 (1.13-1.49) (p<0.001), and of TERT
was 1.12 (1.04-1.20) (p=0.003), with relative expression of GDF75 being greater than that of TERT (p<<0.001).

Expression of GDF75 and TEKRT failed to correlate together significantly in the controls with r=0.22,
p=0.131, but in the patients the correlation was significant at p=0.55, p<0.01. Expression of GDF75 and TERT
failed to correlate significantly with age in the controls with r=0.15, p=0.327 and r=0.23, p=0.131 respectively, or
the patients with 1=0.08 p=0.576 and r= -0.02 p=0.879 respectively.

3.2: Analysis according to diabetes

Clinical, demographic, pharmacotherapy, and laboratory data of the two patient groups are shown in table
2. The two groups were matched for smoking, age, and sex. Serum creatinine and HbAlc were higher in the
diabetic group, but there was no difference in levels of serum urea, or in cardiology or lipid metrics. There was no
difference in the relative expression of GDI75 in the patients free of diabetes (1.6 [1.42-1.78]) compared to those
with diabetes (1.6 [1.29-1.91]) (p=0.996). Similarly, there was no difference in the expression of TERT in patients
free of diabetes (1.19 [1.06-1.33]) compared to those with diabetes (1.25 [0.98-1.50]) (p=0.739). GDF75 and
TERT correlated significantly in the patients with CAD (t=0.48, p=0.013) and also in patients with CAD and
diabetes (r=0.57, p=0.002).
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Table 2: Clinical, demographic, pharmacotherapy, and laboratory data on patient subgroups at
presentation

CAD CAD and diabetes | P value
(n=20) (n=27)

Age (years) 41.3 (11.6) 44.6 (1.2) 0.223
Sex (m/f) 23/3 18/7 0.138
Smoking (y/n) 16/10 12/15 0.213
Urea (mg/dL) 4.5 (1.2) 4.0 (1.5) 0.157
Creatinine (mg/dL) 1.0 (0.3) 1.3 (0.5) 0.032
CK (IU/L) 126 (45) 149 (45) 0.067
CK-MB (ng/mlL) 8.4 (3.9-10.9) 6.0 (3.5-8.30 0.118
Troponin T (ng/mL)* 0.12 (0.06-1.25) 0.08 (0.05-1.00) 0.676
Cholesterol (mg/dL) 203 (48) 219 (68) 0.306
Triglycerides (mg/dL) 115 (39) 107 (28) 0.394
HDL (mg/dL) 40 (8) 45 (11) 0.073
LDL (mg/dL) 140 (44) 153 (70) 0.404
HbAlc (%) 4.6 (0.4) 11.4 (1.6) <0.001
GAPDH expression (units) 18.6 (5.2) 18.7 (6.2) 0.901
GDF15 expression (units) 27.7 (2.4) 26.0 (4.4 0.104
TERT expression (units) 21.7 (6.0) 21.0 (6.6) 0.699
Aspirin 26 27 -
Beta-blocker 7 7 -
Insulin 0 12 -
Metformin 0 10 -
Sulphonylurea 0 5 -
Statin 21 8 -
Hzetimibe 6 8 -
ACEI 7 11 -

Data are mean (standard deviation), median (interquartile range) or number of subjects. CK = creatine
kinase, CK-MB = creatine kinase isotype MB. HDL = high density lipoprotein, LDL = low density lipoprotein.
CAD = coronary artery disease. ACEI = angiotensin converting enzyme inhibitor. *reference value <0.01 ng/mlL

4. Discussion

Although the four major risk factors for coronary artery disease can be addressed and possibly treated,
myocardial infarction and stroke still remain the leading global cause of death (21). In Egypt, ischaemic heart
disease is the leading cause of death in each 5-year age band from 20-24 years to 85-plus years (22).

Molecular genetics are providing other potential causes of cardiovascular disease (1,2,23), among which
are the genes GDF75 and TERT that code for molecules with markedly different physiological functions (3,14).
Under certain circumstances, increased circulating levels of their protein products are present in the blood, and as
such may be markers and/or targets of particular diseases that include cardiovascular disease and cancer (4,17,24-
27). These increased levels may be related to features that include age and/or genetic control (6,28).

The principal results of our study contribute to the literature in that we report (a) increased expression of
both GDF75 and TERT in relatively young patients with CAD, with the relative expression of GDF75 being
greater than that of TERT, (b) that this expression does not vary with the presence of diabetes, (c) that the co-
expressions of these two genes is unrelated in healthy controls but correlate significantly in the patients regardless
of their diabetes status, and (d) expression of either gene failed to correlate with age in patients or in controls. This
last point is in contrast to other data on this risk factor (14,29), although our population has a maximum age of 55
years, and so excludes the elderly who are more likely to carry a greater burden of disease. As both genes and their
products are altered in diabetics without cardiovascular disease (30-32), we note that this risk factor does not have
a modulating effect on gene expression on a platform of acute coronary artery disease, although some have
reported increases in those with more extensive disease (32-34). However, the precise clinical science of our data
is clouded by the use of metformin by over a third of our patients with diabetes, as this drug has a positive
influence on circulating GDF-15 (35). Furthermore, serum GDF-15 correlates with blood glucose and HbAlc
(36), although it is unknown if these, or the effect of metformin, are due to the direct promotion of the
transcription of GDF135, post-transcription changes, or other mechanisms. Although various SNPs in TERT have
been reported in diabetes, there is no comparable data on the quantitative expression of this gene (37-39).
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Our cross-sectional study is unable to answer the question of whether the increased expression of these
genes were present before the patients were admitted to hospital, or they are the product of the acute coronary
syndrome. We accept that it is entirely possible that either of these two processes could be present. However,
whatever the mechanism, it is notably that the relative expression of the two genes correlated strongly in the
patients but not in the controls for reasons that demand an explanation that at present we cannot supply. In this
pilot study we accept the limitations of a small sample size, and so can criticised for being at risk of false positive
or false negative, although the case/control and CAD with/without diabetes differences we found exceeded those
of our hypothesis, so we believe our findings are robust. This limited sample size also precludes more complex
multivariate analyses. We also acknowledge possible influences of other pathology we have not addressed, such as
ACS-derived inflammation, and that we lack a diabetes control group. Nevertheless, we submit that our data has
potential implications for the actiology and/or pathogenesis of coronaty artery disease.

5. Conclusions

Our pilot data provides evidence for alterations in the relative expression of GDF-75 and TERT in middle
aged patients suffering an acute myocardial infarction, with a firm correlation between the two indices. There was
no difference in the expression of these genes according to the presence of diabetes. We believe our data justifies
a larger study to determine the mechanisms and implications of these findings, which, we speculate, may
contribute further to our knowledge of the pathogenesis and management of cardiovascular disease.

Acknowledgements

We are deeply in debt for the grant office of the Faculty of Medicine, Assiut University which supported the
study, Medical Biochemistry Department, the Cardiovascular Department and the Faculty of Computers and
Information.

Ethics approval and consent to participate: Local Research Ethics Committee approval was obtained, and all
participants gave written informed consent to participate (IRB no. 17200057).

Consent for publication: All participants gave written informed consent to publication

Competing interests: None of the authors declare any conflicts of interest

Funding: The study was funded by the Faculty of Medicine, Assiut University, Egypt

Authors' contributions

Abdelsabour MA: Study conception, obtaining samples, design, consideration of the manuscript.
Idriss NK: Genetic analysis, acquisition and interpretation of data, drafting manuscript.

Blann AD: Performed final statistical analysis, interpretation of data, wrote final draft of the manuscript,
corresponding Author.

Mosa AA: Genetic analysis and drafting the manuscript

Fouad DA: Study design and writing the protocol, consideration of the manuscript.

Amal AM: Recruiting samples and data analysis, consideration of the manuscript

Ashry A: Recruiting samples and data analysis, consideration of the manuscript

Sayed SA: Recruiting samples and data analysis, consideration of the manusctipt

Nasreldin E: Study design and writing the protocol, consideration of the manuscript.
Hassan SA : Recruiting samples, and consideration of the manuscript.

Elnaggar MG: Contributed data and performed the analysis, consideration of the manuscript
Meki AA: Study design and writing the protocol, consideration of the manuscript.

Hassen HA: Study design and writing the protocol, consideration of the manuscript.

Gaber MA: Writing the protocol, Laboratory investigations, data interpretation, consideration of the manuscript.



88 International Journal of Health Sciences, Vol. 11, No. 2, December 2023

References

Lépez Rodriguez M, Arasu UT, Kaikkonen MU. Exploring the genetic basis of coronary disease using functional
genomics. Atherosclerosis 2023:374;87-98.

Butnariu LI, Florea L, Badescu MC, et al. Etiologic puzzle of coronary artery disease: How important is genetic
component. Life. 2022;12:865. doi: 10.3390/1ife12060865.

Wang J, Wei L, Yang X, Zhong J. Roles of Growth Differentiation Factor 15in Atherosclerosis
and Coronary Artery Disease. ] Am Heart Assoc. 2019;8:¢012826.

Zhang S, Hao P, Li J, et al. Prognostic value of growth differentiation factor 15 in patients with coronary artery
disease: A meta-analysis and systematic review. Front Cardiovasc Med. 2023;10:1054187.

Breniére C, Méloux A, Pédard M, et al. Growth differentiation factor-15 (GDF-15) is associated with mortality in
ischemic stroke patients treated with acute revascularization therapy. Frontiers Neurol, 2019:10,611-617.

Pence BD. Growth Differentiation Factor-15 in Immunity and Aging. Front Aging. 2022 Feb 9;3:837575.

Semba RD, Gonzalez-Freire M, Tanaka T, et al. Elevated plasma growth and differentiation factor 15 is associated
with slower gait speed and lower physical performance in healthy community-dwelling adults. |
Gerontol A Biol Sci Med Sci 2020:75;175-180.

Jiang J, Thalamuthu A, Ho JE,et al. A Meta-Analysis of Genome-Wide Association Studies of Growth
Differentiation Factor-15 Concentration in Blood. Front Genet. 2018;9:97.

doi: 10.3389/fgene.2018.00097

Xiang Y, Zhang T, Guo J, et alThe Association of Growth Differentiation Factor-15 Gene Polymorphisms
with Growth Differentiation Factor-15 Serum Levels and Risk of Ischemic Stroke.Stroke Cerebrovasc
Dis. 2017;26:2111-2119.

Wang Z, Yang F, Ma M, et al The impact of growth differentiation factor 150n the risk
of cardiovascular diseases: two-sample Mendelian randomization study.BMC Cardiovasc Disord.
2020;20:462.

Yin H, Pickering JG. Telomere Length: Implications for Atherogenesis. Curr Atheroscler Rep. 2023 Mar;25(3):95-
103.

Chen B, Yan Y, Wang H, Xu J. Association between genetically determined telomere length and health-related
outcomes: A systematic review and meta-analysis of Mendelian randomization studies. Aging Cell. 2023
May 26:¢13874.

Zimnitskaya OV, Petrova MM, Lareva NV, et al. Leukocyte Telomere Length as a Molecular Biomarker of
Coronary Heart Disease.Genes. 2022;13:1234. doi: 10.3390/ genes13071234.

Palamarchuk Al, Kovalenko EI, Streltsova MA. Multiple action of telomerase reverse transcriptase in cell death
regulation. Biomedicines. 2023;11:1091.

Zurek M, Altschmied ], Kohlgriiber S, et al. Role of Telomerase in the Cardiovascular System.Genes. 2016;7:29.
doi: 10.3390/ genes7060029.

Yeh JK, Wang CY. Telomeres and Telomerasein Cardiovascular Diseases.Genes. 2016;7(9):58. doi:
10.3390/genes7090058

Hoffmann ], Richardson G, Haendeler ], et al. Telomerase as a therapeutic target in cardiovascular disease.
Arterioscl Thromb Vasc Biol 2021:41;1047-1061

Sharma S, Chowdhury S. Emerging mechanisms of telomerase reactivation in cancer. Trends Cancer. 2022
Aug;8(8):632-641.

Opstad T, Solheim S, Pettersen A et al. TERT and TET2 Genetic Variants Affect Leukocyte Telomere Length
and Clinical Outcome in Coronary Artery Disease Patients—A Possible Link to Clonal Hematopoiesis.
Biomedicines 2022, 10, 2027. https://doi.org/10.3390/ biomedicines 10082027.

Zhang S, Ji G, Liang Y, et al. Polymorphisms in Telomere Length Associated TERC and TERT predispose for
Ischemic Stroke in a Chinese Han population. Sci Rep. 2017 Jan 6;7:40151. doi: 10.1038/step40151.

https://www.who.int/news-room/fact-sheets/detail / the-top-10-causes-of-death Accessed 11th October 2023.

https:/ /www.who.int/data/gho/data/themes/mortality-and-global-health-estimates /ghe-leading-causes-of-death
Accessed 11thOctober 2023

Tirdea C, Hostiuc S, Moldovan H, et al. Identification of Risk Genes Associated with Myocardial Infarction-Big
Data Analysis and Literature Review.Int ] Mol Sci. 2022 ;23:15008.

Mourouzis K, Siasos G, Bozini N, et al. Association of Growth Differentiation Factor 15 with Arterial Stiffness
and Endothelial Function in Subpopulations of Patients with Coronary Artery Disease: A Proof-of-
Concept Study.Recent Adv Inflamm Allergy Drug Discov. 2022;16:107-115.

Kroenke CH, Pletcher MJ, Lin |, et al. Telomerase, telomere length, and coronary artery calcium in black and
white men in the CARDIA study. Atherosclerosis. 2012;220:506-12.

Nopp S, Moik I, Kraler S, et al. Growth differentiation factor-15 and prediction of cancer-associated thrombosis
and mortality: a prospective cohort study. ] Thromb Haemost. 2023 May 14:51538-7836(23)00414-2.


https://pubmed.ncbi.nlm.nih.gov/31432727/
https://pubmed.ncbi.nlm.nih.gov/31432727/
https://pubmed.ncbi.nlm.nih.gov/35821815/
https://pubmed.ncbi.nlm.nih.gov/29628937/
https://pubmed.ncbi.nlm.nih.gov/29628937/
https://pubmed.ncbi.nlm.nih.gov/28526273/
https://pubmed.ncbi.nlm.nih.gov/28526273/
https://pubmed.ncbi.nlm.nih.gov/33115406/
https://pubmed.ncbi.nlm.nih.gov/33115406/
https://pubmed.ncbi.nlm.nih.gov/37232505/
https://pubmed.ncbi.nlm.nih.gov/37232505/
https://pubmed.ncbi.nlm.nih.gov/35886017/
https://pubmed.ncbi.nlm.nih.gov/35886017/
https://pubmed.ncbi.nlm.nih.gov/27322328/
https://pubmed.ncbi.nlm.nih.gov/27598203/
https://pubmed.ncbi.nlm.nih.gov/35568649/
https://doi.org/10.3390/
https://pubmed.ncbi.nlm.nih.gov/28057933/
https://pubmed.ncbi.nlm.nih.gov/28057933/
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death%20Accessed%2011th%20October%202023
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates/ghe-leading-causes-of-death
https://pubmed.ncbi.nlm.nih.gov/36499335/
https://pubmed.ncbi.nlm.nih.gov/36499335/
https://pubmed.ncbi.nlm.nih.gov/36336806/
https://pubmed.ncbi.nlm.nih.gov/36336806/
https://pubmed.ncbi.nlm.nih.gov/36336806/
https://pubmed.ncbi.nlm.nih.gov/22178426/
https://pubmed.ncbi.nlm.nih.gov/22178426/
https://pubmed.ncbi.nlm.nih.gov/37192696/
https://pubmed.ncbi.nlm.nih.gov/37192696/

Abdelsabour et al. 89

Holesova Z, Krasnicanova L, Saade R, et al. Telomere Length Changes in Cancer: Insights on Carcinogenesis and
Potential for Non-Invasive Diagnostic Strategies. Genes (Basel). 2023 Mar 14;14(3):715.

Perez-Rivera JA, Pabon-Osuna P, Cieza-Borrella C, et al. The role of the TERC-63G>A and TERT-1327C>T
telomerase polymorphisms in the study of men with acute coronary syndrome. Minerva Cardioangiol.
2015;63:467-74.

Pence BD. Growth differentiation factor-15 in immunity and aging. Front Aging 2022:3;837575.

Baltzis D, Meimeti E, Grammatikopoulou et al. Assessment of telomerase activity in leukocytes of type
2 diabetes mellitus patients having or not foot ulcer: Possible correlation with other clinical parameters.
Exp Ther Med. 2018 Apr;15(4):3420-3424.

Huda N, Yasmin T, Nabi AHMN. MNS16A VNTR polymorphism of human telomerase gene: Elucidation of a
gender specific potential allele associated with type 2 diabetes in Bangladeshi population. ] Diabetes
Complications. 2021 Oct;35(10):108018.

Zhu X, Zhang Y, Liang F, et al. Relationship Between plasma growth differentiation factor 15 Levels and
Complications of Type 2 Diabetes Mellitus: A Cross-sectional Study.Can | Diabetes. 2023
Mar;47(2):117-123.€7.

Sendur SN, Firlatan B, Baykal G, et al. Serum growth differentiation factor-15 levels are associated with the
severity of diabetic foot ulcer. Hormones 2022 Dec;21(4):719-728.

Al Dehaini DMB, Al-Bustan SA, Malalla ZHA, et al. The influence of TERC, TERT and ACYP2 genes
polymorphisms on  plasma telomerase concentration,  telomeres length and T2DM.Gene.
2021;766:145127.

Al-Kuraishy HM, Al-Gareeb Al, Alexiou A, et al. Metformin and growth differentiation factor 15 (GDF15) in
type 2 diabetes mellitus: A hidden treasure. ] Diabetes. 2022;14:806-814.

Adela R, Banerjee SK. GDF-15 as a Target and Biomarker for Diabetes and Cardiovascular Diseases: A
Translational Prospective.] Diabetes Res. 2015;2015:490842.

Sanchez M, Kannengiesser C, Hoang S, et al. Leukocyte telomere length, allelic variations in related genes and risk
of coronary heart disease in people with long-standing type 1 diabetes. Cardiovasc Diabetol. 2022 Oct
11;21(1):206.

Al-Dehaini DMB, Al-Bustan SA, Malalla ZHA, et al. Analogous telomeres shortening and different metabolic
profile: hypertension versus hypertension/type 2 diabetes mellitus comorbidity. Cardiovasc Endocrinol
Metab. 2020 Sep 3;10(2):106-112.

Goswami A, Huda N, Yasmin T, et al. Association study of leukocyte telomere length and genetic polymorphism
within hTERT promoter with type 2 diabetesin Bangladeshi population. Mol Biol Rep. 2021
Jan;48(1):285-295.


https://pubmed.ncbi.nlm.nih.gov/36980987/
https://pubmed.ncbi.nlm.nih.gov/36980987/
https://pubmed.ncbi.nlm.nih.gov/25516136/
https://pubmed.ncbi.nlm.nih.gov/25516136/
https://pubmed.ncbi.nlm.nih.gov/29616085/
https://pubmed.ncbi.nlm.nih.gov/29616085/
https://pubmed.ncbi.nlm.nih.gov/34404572/
https://pubmed.ncbi.nlm.nih.gov/34404572/
https://pubmed.ncbi.nlm.nih.gov/36526573/
https://pubmed.ncbi.nlm.nih.gov/36526573/
https://pubmed.ncbi.nlm.nih.gov/36280643/
https://pubmed.ncbi.nlm.nih.gov/36280643/
https://pubmed.ncbi.nlm.nih.gov/32937184/
https://pubmed.ncbi.nlm.nih.gov/32937184/
https://pubmed.ncbi.nlm.nih.gov/26273671/
https://pubmed.ncbi.nlm.nih.gov/26273671/
https://pubmed.ncbi.nlm.nih.gov/36221106/
https://pubmed.ncbi.nlm.nih.gov/36221106/
https://pubmed.ncbi.nlm.nih.gov/34113796/
https://pubmed.ncbi.nlm.nih.gov/34113796/
https://pubmed.ncbi.nlm.nih.gov/33389530/
https://pubmed.ncbi.nlm.nih.gov/33389530/

