
ORIGINAL ARTICLE 

 

IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 10, NUMBER 2, SUMMER 2018 73 

 

 

 

The Effect of 12 Weeks Aerobic Training on the Mafa Gene Expression 

of Pancreas in the Male Wistar Rats Type 2 Diabetes 

 
Saqqa Farajtabar Behrestaq

1
, Nader Shakeri

*2
, Farshad Ghazalian

2
, Hojatollah Nikbakht

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction
 

ype II diabetes is considered as the 

most common intravenous disease 

caused by glucose intolerance due to 

the balance between reserves and insulin 

demand and is one of the main causes of 

mortality and many chronic diseases (1,2). 

Among the factors that affect type 2 diabetes 

such as weight, age, gender, genetics, physical 

activity and ..., obesity is most important (3). 

Under these conditions, the response of insulin 

receptors in target tissues is disrupted that is 

accompanied with the phenomenon of insulin 
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Abstract 
Objective: MafA is one of the major factors in the family of MafA 

transcription factors. In pancreatic beta cells, MafA plays an 

important role in regulating the expression of glucose-dependent 

Insulin gene. On the other hand, Lipotocyticleads to negative 

expression of MafA expression when exposed to inflammatory 

cytokines. These statements in general emphasize the role that MafA 

plays as a key regulator of genes that are effective in maintaining the 

function of beta cells and glucose-dependent insulin synthesis. 

Materials and Methods: Considering the very important role of 

MafA transcription factor in the protection and function of beta cells 

and insulin secretion, In order to investigate the effect of exercise 

activities on expression of this gene, 16 male Wistar rats were 

divided into diabetic control and diabetic training groups. The two 

groups were diabetic with receiving nicotinamide and streptozotocin 

injection and the experimental group was trained for 12 weeks by 

aerobic exercise on a treadmill. 

Results: The results of the study showed a significant increase in the 

expression of the MafA gene after 12 weeks of aerobic training, 

which resulted in a significant decrease in blood glucose 

concentration and increased beta cell function. 

Conclusion: Based on the evidence of the mechanisms responsible 

for the synthesis and secretion of insulin in the pancreatic beta cells, 

it can be concluded that increased levels of insulin levels in aerobic 

intervention group rats in the present study it is rooted in increasing 

the expression of MafA compared to the control group. 

Keywords: Gene expression, Pancreatic beta Cells, Diabetes 

mellitus type 2, Aerobic exercise 
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resistance or decreased insulin sensitivity in 

the target tissue (4). Recent evidence strongly 

supports the assumption that the main problem 

with the spread or progression of type 2 

diabetes mellitus is not limited to insulin 

receptors in target tissues. Both environmental 

and genetic factors affect the incidence and 

severity of type 2 diabetes. One of the most 

effective genetic mechanisms in this disease is 

abnormal beta cell function, as genetic factors 

affect insulin secretion from beta cells in both 

types of diabetes (5,6). In addition to the 

presence of insulin resistance, the prevalence 

or progression of type 2 diabetes also appears 

to be rooted in other molecular cellular 

disorders, such as genetic disorders (7). As in 

the past decade, the potential role of 

transcription factors in the secretion of insulin 

from beta cells has been raised in diabetic or 

pre-diabetic individuals (8). In the meantime, 

genetic factors, in other words, numerous 

transcription factors that affect the mass or 

number of beta cells and some kind of insulin 

synthesis, are listed by laboratory studies that 

include TCF7L2, PDX-1, GLP-1, MTNR1B, 

GLUT2, MafA, NeruD1 and FoxO1 that is one 

of the most important. Disruption of the gene 

expression of each of them either alone or in 

collaboration with other genetic factors affects 

the process of insulin biosynthesis in the 

pancreatic tissue (9). MafA is an insulin-like 

gene transcription factor that is expressed in 

the onset of the secondary transfer process in 

beta cells (10,11). Similar to NeuroD, MafA 

levels also increase in response to H2O2 under 

oxidative stress conditions of beta cells. In 

terms of oxidative stress, FoxO1 binds to the 

MafA promoter. Probably MafA is one of the 

target genes of FoxO1 in beta cells of the 

pancreas (12). MafA regulates the 

transcription of insulin and other glucose-

sensitive genes in pancreatic beta cells (13-

15). Increasing glucose concentration 

increases temporarily the ability of MafA to 

bind and function through (RIPE3b1 / X1 

DNA element), which is known to be a key 

factor in the regulatory sequence of the 

promoter of genes that are effective in 

secretion of insulin (16-18). Recent studies 

have revealed that the creation of stress 

conditions in beta cells, resulting in decreased 

expression of some transcription factors such 

as PDX1, Mafa, and NKX6.1 in type 2 

diabetic rats and humans, may lead to 

decreased growth and function of beta cells 

(19-21). In humans, the expression of Mafa is 

strongly reduced in beta cells in type 2 

diabetic patients. This phenomenon has also 

been revealed in mice with type 2 diabetes. In 

addition, increased expression of Mafa is 

associated with a reduction in oxidative stress 

in beta cells and an increase in the expression 

of insulin, GLUT2 and Slc2a2 (22). The 

dysfunction of beta cells in type 2 diabetes 

status in related  to stressed  is probably due to 

the gradual reduction of Mafa, which results in 

decreased expression of PDX1 and NKX6.1 in 

pancreatic cells, such that Mafa-free mice have 

glucose intolerance and Reducing the 

expression of PDX1 and NKX6.1 will 

immediately lead to severe hyperglycemia (23-

26). It is known that increasing the expression 

of Mafa in conditions of oxidative stress 

associated with obesity and dyslipidemia in 

obese mice leads to an improvement in blood 

glucose levels. However, studies have shown 

that increasing insulin secretion and beta cells 

to glucose due to increased expression of Mafa 

in cells is also dependent on the variability of 

some other genetic factors, such as Slc2a2, and 

glucose transporters in beta cells such as 

GLUT2 (27). However, less studies have been 

conducted to investigate the response of these 

genetic factors, especially FoxOl and MafA, to 

the various exercise interventions and the 

effect of their alteration through exercise 

interventions on insulin and glucose levels in 

diabetic populations. Therefore, due to limited 

studies as well as some contradictory findings 

in other genetic factors, the present study was 

conducted to determine the effect of 3 months 

aerobic exercise on the expression of MafA in 

pancreatic tissue of type 2 diabetic rats.  
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Materials and Methods 
The statistical population was selected from all 

male rats of the animal's house of the Institute 

of Pasteur which of them16 male Wistar rats 

(at the age of ten weeks and weighing 220 ± 

20 gr) were randomly selected to participate in 

the study. Subsequently, Wistar rats, all of 

which have similar physical and age 

characteristics, were randomly assigned to two 

groups including the diabetic control group 

and the aerobic diabetic group. Rats in 

Animals' Laboratory of Parand Islamic Azad 

University in a 5-by-10-meter-wide room 

under controlled light conditions (12 hours of 

light and 12 hours of darkness, 6-evening 

lighting start and 6-morning darkness start) 

with temperature (22 ± 3°C) and moisture 

maintained at a range of 30 to 60. At first, the 

rats became acquainted with the environment 

for 2 weeks with the living conditions of the 

animal house and how to run on the treadmill. 

Then, after a fasting night (12 hours), 

nicotineamide and streptozotocin were used to 

induce type 2 diabetes. Initially, a solution of 

nicotinamide at a dose of 110 mg per kg of rat 

mice was injected peritoneally; after 15 

minutes, the freshly prepared STZ solution in 

the citrate buffer with PH = 4.5 was also 

injected intraperitoneally at a dose of 60 mg 

Grams per kilogram. One week after diabetes 

induction, fasting blood glucose and glucose 

levels above 150 mg / dL were considered as a 

measure to ensure that mice were diagnosed 

with type 2 diabetes (28). A training program 

for 12 weeks aerobic exercise of 5 sessions per 

week with gradual increase in speed (18-26 m 

/ min) and time (10 to 55 minutes) in the form 

of running on treadmill with the aim of 

determining its effect on the function of beta 

cells and expression The relative proportions 

of Mafa in the pancreatic tissue were 

compared to the control group that did not 

participate in the training program.48 hours 

after the last training session (10-12 hours 

fasting), The rats in each group were 

anesthetized by intraperitoneal injection of 

ketamine 10%, at a dose of 50 mg / kg blended 

with zylosin 2% at a dose of 10 mg / kg. After 

assuring anesthesia, the animal's chest was 

taken by a split surgical blade and blood 

samples were taken directly from the animal's 

heart. Blood samples were centrifuged at 1000 

× gr for 20 minutes to isolate the serum and 

stored at 80 ° C for glucose and insulin 

measurement. Then the chest of the animal 

was split and the pancreatic tissue of the rats 

was sampled and after washing in a 

physiologic serum in a 1.8 microtiter 

containing RNAlaterTM liquid, immersed in a 

ratio of 20% and transferred to the laboratory 

for genetic testing. Also, beta cell function was 

calculated from the insertion of fasting insulin 

and glucose in the software (HOMA2-

Calculator). All statistical analyzes were 

performed using SPSS software version 16. 

The Kolmogorov Smirnov test was used to 

ensure the normal distribution of data. Data 

analysis was performed using independent t-

test. Changes were less than 5% significant. 

 

Results 
Table 1 shows the pattern of body weight 

changes pre and post aerobic training in the 

aerobic diabetic group and the diabetic control 

group. (Based on the results of dependent T-

test). 

• In diabetic control group, rats' weight 

increased significantly compared to pre-test (P 

<0.001). 

• In the aerobic diabetic group, rats' weight 

increased significantly compared to the pre-

test (P <0.001). 

According to Table 2, Aerobic training 

significantly increased the relative expression 

of MafA in the pancreatic tissue of the aerobic 

diabetic group compared to the diabetic 

control group. 

According to Table 3, aerobic training caused 

a significant reduction in fasting glucose in the 

aerobic diabetic group compared to the 

diabetic control group. 

Table 4 shows that, aerobic training 

significantly increased serum insulin in 

aerobic diabetic group compared to diabetic 

control group.  
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Discussion 
A review of research evidence suggests that 

the findings of some studies on the response to 

diabetes determinants to exercise training are 

not consistent. so that In some studies, weight 

loss and body fat levels were reported along 

with the improvement of diabetes-induced 

indices (29). On the other hand, in some 

studies, there has been a significant 

improvement in the components of diabetes 

determination in the absence of changes in 

weight and other metabolic components 

(30,31). Some studies also reported 

improvements in blood glucose or insulin 

levels and other components such as beta cell 

function in changing or no changing of 

inflammatory mediators (31-33). The 

contradiction in the findings suggests in some 

way that changes in the determinants of 

diabetes in response to exercise or other 

internal or external stimuli are rooted in other 

factors. In this context, the genetic factor 

should not be ignored. Because recent studies 

have strongly supported the role of genetic and 

inheritance in the prevalence or severity of 

diabetes (22,23). In the present study, the 

effect of 12 weeks aerobic training on the 

expression of Mafa gene in pancreatic tissue of 

type 2 diabetic rats was measured as compared 

to the control group that did not participate in 

the training program.  Based on the available 

evidence, it is hypothesized that a change in 

the expression of this transcription factor in 

response to Continuous exercise training will 

improve the components of diabetes 

determination such as glucose levels and 

synthesis or serum insulin levels. so that Long-

term exposure to hyperglycemic laboratory 

mice results in decreased expression or 

activity of Mafa and other transcription factors 

such as PDX-1, which in turn leads to 

dysfunction of beta cells (34). The 

transcription factors of MafA, NeourD1, and 

PDX-1 in a consistent pattern in response to 

increased glucose entry to beta cells by 

GLUT2 stimulate the expression of insulin 

gene expression (35,36). On the other hand, 

both Mafa and NeourD1 are the target genes 

of FOXO1 in pancreatic cells (12). Laboratory 

studies have revealed that the expression of 

Mafa decreases in the presence of type 2 

diabetes (12). On the other hand, its reduction 

is associated with a decrease in the synthesis 

and secretion of insulin from beta cells of the 

pancreas (10,11). In one study, 6 weeks of 

optional running could reduce the genesis of 

impaired gene expression in beta cells such as 

MafA, to a non-significant extent (37). Also In 

this study, fatty diets aimed at inducing type 2 

diabetes resulted in decreased expression of 

certain target genes in pancreatic beta cells, 

such as GLP-1, GIP-R, MafA and also PDX-1 

receptors, which reduced the synthesis and 

secretion of insulin Leading to pancreatic 

cells. But performing exercise exercises in the 

form of optional running for 6 weeks, except 

for a significant increase in insulin expression, 

was not associated with a significant change in 

other transcription factors (37). However, in 

Table 1. Body weight changes (g) in pre and post training conditions (Standard deviation + average) 
Sig After training Before training Group 

<0.001 254 ±5.96 220   ± 3.34 Diabetic control 
<0.001 241 ±2.24 225   ± 2.61 Aerobic diabetic 

 
Table 2. Relative expression of MafA in Aerobic and Controlled Diabetic Groups 

Sig Aerobic diabetic group Diabetic control group Variable 

0.044* 1.21 ±1.45 1 Relative expression of MafA 

 

Table 3. Fasting glucose levels in aerobic and control Diabetic groups 
Sig Aerobic diabetic group Diabetic control group Variable 

0.000* 14±240 11  ±294 Glucose (mg / dL) 

 

Table 4. Serum insulin levels in aerobic and control groups 
Sig Aerobic diabetic group Diabetic control group Variable 

0.000* 0.25 ±5.11 0.21± 4.06 Insulin (µIU / ml) 
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another study, an 8-week aerobic training led 

to an increase in the expression of PDX-1 and 

beta-cell function in dawley Sprague female 

rats (38). In another study, the use of 8 weeks 

of aerobic training led to an increase in the 

expression of MafA in beta cells of the 

pancreas in rats fed with high-fat diets (4). In 

this regard, the findings of the present study 

suggest an increase in the expression of Mafa 

following 12 weeks of aerobic training in type 

2 diabetic rats. In other words, 12 weeks of 

aerobic training led to an increase in the 

relative expression of Mafa in the pancreatic 

tissue, with an increase in serum levels of 

insulin and a decrease in fasting glucose. It 

should be noted that in the pancreas, Mafa is 

expressed exclusively in beta cells (10,14). 

Hence, the increase in serum insulin can be 

attributed to the increased expression of Mafa 

in response to training intervention. In 

pancreatic beta cells, MafA plays the role of 

regulating the expression of insulin -dependent 

glucose gene. It also plays a role in controlling 

and regulating some proteins and other genes 

such as PDX-1 (39-41). The levels of MafA in 

pancreatic cells are regulated by post-

translational mechanisms such as serine 

phosphorylation of 14 and 65. High levels of 

expression of MafA in beta cells have a central 

role in regulating other genes that are effective 

in maintaining the function of beta cells in 

response to glucose (42). MafA-free mice can 

continue to live, but MafA's inactivity leads to 

the continuation and increased severity of 

diabetes as a result of lowering insulin 

secretion from beta cells in the pancreas (42-

44). Increasing MafA production at high 

concentrations of glucose can regulate insulin 

-dependent glucose gene transcription. While 

decreasing production or decreasing its 

expression is likely to rapidly lead to 

inhibiting insulin transcription. These results 

point to the fact that the process of 

transcription of insulin requires positive 

regulation or enhancement of the expression of 

MafA in beta cells (43). On the other hand, 

lipotocytes or exposure to inflammatory 

cayokins leads to negative regulation of MafA 

expression (42,45,46). These statements in 

general emphasize the role that MafA plays as 

a key regulator of genes that are effective in 

maintaining the function of beta cells 

andSynthesis of glucose-dependent insulin. 

The regulation of activity and expression of it 

as a key therapeutic goal in beta cell 

dysfunction are in response to injury (42). 

Increasing oxidative stress in the pancreas 

leads to a reduction in the binding of MafA to 

the insulin gene, which in turn leads to insulin 

gene deficiency and its synthesis and secretion 

from the pancreatic beta cells (47,48). It has 

been shown that this protein is expressed when 

the glucose concentration in the pancreatic 

beta cells reaches 0.8 mm, as well as when 

prolonged exposed  in the presence of high 

levels of glucose (11.1 mmol) (48). Apart from 

this, the levels of MafA protein are able to 

increase the expression of the insulin gene in 

the long-term presence of high levels of 

glucose (47,48).  

 

Conclusions 
Based on the evidence of the mechanisms 

responsible for the synthesis and secretion of 

insulin in the pancreatic beta cells and the 

findings of the present study, it can be 

concluded that increased levels of insulin 

levels in aerobic intervention group rats in the 

present study it is rooted in increasing the 

expression of MafA compared to the control 

group. In other words, a long-term aerobic 

intervention of 5 sessions per week has led to 

an increase in the expression of MafA to 

increase the synthesis and secretion of insulin 

from beta cells in the pancreas. In this regard, 

although a study that seeks to directly 

influence the aerobic exercise on the 

expression of MafA in the pancreatic tissue of 

diabetic rats, is not seen. 

 

Acknowledgments 
The authors would like to express their sincere 

thanks to the staff of Tehran Science and 

Research Branch, Islamic Azad University and 

Pasteur Institute that will help us to improve 

the quality of this research. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

do
.s

su
.a

c.
ir

 o
n 

20
26

-0
5-

14
 ]

 

                               5 / 7

https://ijdo.ssu.ac.ir/article-1-401-en.html


Aerobic training on the Mafa gene expression 

 

78 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 10, NUMBER 2, SUMMER 2018 

 

 

Funding This article was extracted from my Ph.D. 

thesis and all expenses were for myself. 

 

References
 

1. Harmon JS, Gleason CE, Tanaka Y, Poitout V, 

Robertson RP. Ante- cedent hyperglycemia, not 

hyperlipidemia, is associated with increased islet 

triacylglycerol content and decreased insulin gene 

mRNA level in Zucker diabetic fatty rats. Diabetes 

2001;50:2481-6. 

2. Hogan P, Dall T, Nikolov P. Economic costs of 

diabetes in the US in2002. Diabetes Care; 

2003;26:917-32. 

3. Lazar MA. How obesity causes diabetes: not a tall 

tale. Science 2005;307:373-5. 

4. Li Y, Xiao J, Tian H, Pei Y, Lu Y, Han X. The DPP-

4 inhibitor MK0626 and exercise protect islet 

function in early pre-diabetic kkay mice. Peptides 

2013;49:91-9. 

5. Fu Z, Gilbert ER, Liu D. Regulation of insulin 

synthesis and secretion and pancreatic Beta-cell 

dysfunction in diabetes.Curr Diabetes Rev 

2013;9(1):25-53. 

6. Karstoft K,Winding K, Knudsen SH, James NG, 

Scheel MM, Olesen J, et al. Mechanisms behind the 

superior effects of interval vs continuous training 

on glycaemic control in individuals with type 2 

diabetes: a randomised controlled trial 

2014;57(10):2081-93. 

7. Herrera Uribe J, Vitger AD, Ritz C, Fredholm M, 

Bjørnvad CR, Cirera S. Physical training and 

weight loss in dogs lead to transcriptional changes 

in genes involved in the glucose-transport pathway 

in muscle and adipose tissues. Vet J 2016;208:227. 

8. Chen Z, Meng C, Liu J, Zhang J, Kou Y, Zhang L, 

Wang Z. Effects of gastric bypass on FoxO1 

expression in the liver and pancreas of diabetic rats. 

Endocr Res 2016;41(1):57-63. 

9. Eizadi M, Ravasi AA, Soory R, Baesi K, Choobineh 

S. The Effect of Three Months of Resistance 

Training on TCF7L2 Expression in Pancreas 

Tissues of Type 2 Diabetic Rats. Avicenna J Med 

Biochem 2016;4(1):34014. 

10. Matsuoka TA, Artner I, Henderson E, Means A, 

Sander M, Stein R. The MafA transcription factor 

appears to be responsible for tissue-specific 

expression of insulin. Proc. Natl. Acad. Sci. USA. 

2004;101:2930-3. 

11. Olbrot M, Rud J, Moss LG, Sharma A. 

Identification of beta-cell-specific insulin gene 

transcription factor RIPE3b1 as mammalian MafA. 

Proc. Natl. Acad. Sci. USA. 2002;99:6737-2. 

12. Kitamura YI, Kitamura T, Kruse JP, Raum JC, Stein 

R, Gu W, et al. FoxO1 protects against pancreatic 

B-?cell failure through NeuroD and MafA 

induction. Cell Metab 2005;2(3):153-63. 

13. Kataoka K. MafA is a glucose-regulated and 

pancreatic beta-cell-specific transcriptional 

activator for the insulin gene. J Biol Chem 

2002;277:49903-10.  

14. Matsuoka TA. Members of the large Maf 

transcription family regulate insulin gene 

transcription in islet beta cells. Mol Cell Biol 

2003;23:6049-62. 

15. Shieh SY, Tsai MJ. Cell-specific and ubiquitous 

factors are responsible for the enhancer activity of 

the rat insulin II gene. J Biol Chem 

1991;266:16708-14. 

16. Raum JC. Islet beta-cell-specific MafA transcription 

requires the 5′-flanking conserved region 3 control 

domain. Mol Cell Biol 2010;30:4234-44. 

17. Sharma A, Stein R. Glucose-induced transcription 

of the insulin gene is mediated by factors required 

for beta-cell-type-specific expression. Mol Cell 

Biol 1994;14:871-9.  

18. Vanderford NL. Glucose induces MafA expression 

in pancreatic beta cell lines via the hexosamine 

biosynthetic pathway. J Biol Chem 2007;282:1577-

84. 

19. Guo S, Dai C, Guo M, Taylor B, Harmon JS, Sander 

M, et al. Inactivation of specific beta cell 

transcription factors in type 2 diabetes. J. Clin. 

Investig. 2013;123:3305-163. 

20. Mahadevan J, Parazzoli S, Oseid E, Hertzel AV, 

Bernlohr DA, Vallerie SN, et al. Ebselen treatment 

prevents islet apoptosis, maintains intranuclear 

Pdx-1 and MafA levels, and preserves beta-cell 

mass and function in ZDF rats. Diabetes 

2013;62:3582-8. 

21. Matsuoka TA, Kaneto H, Miyatsuka T, Yamamoto 

T, Yamamoto K, Kato K, et al. Regulation of MafA 

expression in pancreatic beta-cells in db/db mice 

with diabetes. Diabetes 2010;59:1709-20. 

22. Matsuoka TA, Kaneto H, Kawashima S, Miyatsuka 

T, Tochino Y, Yoshikawa A, et al. Preserving Mafa 

expression in diabetic islet β-cells improves 

glycemic control in vivo. J Biol Chem. 

2015;290(12):7647-57. 

23. Ahlgren U, Jonsson J, Jonsson L, Simu K, Edlund 

H. Beta- cell-specific inactivation of the mouse Ipf1 

/ Pdx1 gene results in loss of the beta-cell 

phenotype and maturity onset diabetes. Genes Dev. 

1998;12:1763-8. 

24. Gao T, McKenna B, Li C, Reichert M, Nguyen J, 

Singh T, et al. Pdx1 maintains beta cell identity and 

function by repressing an alpha cell program. Cell 

Metab. 2014;19:259-71.  

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

do
.s

su
.a

c.
ir

 o
n 

20
26

-0
5-

14
 ]

 

                               6 / 7

https://ijdo.ssu.ac.ir/article-1-401-en.html


S. Farajtabar Behrestaq et al. 

 

79 IRANIAN JOURNAL OF DIABETES AND OBESITY, VOLUME 10, NUMBER 2, SUMMER 2018 

 

 

25. Taylor BL, Liu FF, Sander M. Nkx6.1 is essential 

for maintain- ing the functional state of pancreatic 

beta cells. Cell Rep. 2013;4:1262-75. 

26. Zhang C, Moriguchi T, Kajihara M, Esaki R, 

Harada A, Shimohata H, et al. MafA is a key 

regulator of glu- cose-stimulated insulin secretion. 

Mol. Cell. Biol. 2005;25:4969-76. 

27. Ohtsubo K, Chen MZ, Olefsky JM, Marth JD. 

Pathway to diabetes through attenuation of 

pancreatic beta cell glycosylation and glucose 

transport. Nat. Med 2011;17:1067-75. 

28. American Diabetes Association. Standards of 

medical care in diabetes. Diabetes Care 2013Jan 

2013;36(1):11-66.  

29. Bai Y, Zhang J, Jiang S, Sun J, Zheng C, Wang K, 

et al. Effects of the body fat mass and blood sugar 

and plasma resistin to slim exercise prescription for 

overweight and obesity students. Wei Sheng Yan 

Jiu 2013;42(4):538-42. 

30. Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal 

RJ. Effects of exercise on glycemic control and 

body mass in type 2 diabetes mellitus: a meta-

analysis of controlled clinical trials. JAMA 

2001;286(10):1218-27. 

31. Kadoglou NP, Iliadis F, Angelopoulou N, Perrea D, 

Ampatzidis G, Liapis CD, et al. The anti-

inflammatory effects of exercise training in patients 

with type 2 diabetes mellitus. Eur J 

CardiovascPrevRehabil 2007;14(6):837-43. 

32. Abd El-Kader S, Gari A, Salah El-Den A. Impact of 

moderate versus mild aerobic exercise training on 

inflammatory cytokines in obese type 2 diabetic 

patients: a randomized clinical trial. Afr Health Sci. 

2013;13(4):857-63. 

33. Zoppini G, Targher G, Zamboni C, Venturi C, 

Cacciatori V, Moghetti P, et al. Effects of 

moderate-intensity exercise training on plasma 

biomarkers of inflammation and endothelial 

dysfunction in older patients with type 2 diabetes. 

NutrMetabCardiovasc Dis 2006;16(8):543-9. 

34. Kaneto H, Matsuoka TA. Role of pancreatic 

transcription factors in maintenance of mature β-

cell function.Int J Mol Sci 2015;16(3):6281-97. 

35. Matsuoka TA, Kaneto H, Stein R, Miyatsuka T, 

Kawamori D, Henderson E, et al. MafA regulates 

expression of genes important to islet β-cell 

function. Mol. Endocrinol. 2007;21:2764-74. 

36. Song YD, Lee EJ, Yashar P, Pfaff LE, Kim SY. 

Jameson JL. Islet cell differentiation in liver by 

combinatorial expression of transcription factors 

neurogenin-3, BETA2, and RIPE3b1. Biochem. 

Biophys. Res. Commun. 2007;354:334-9. 

37. Delghingaro-Augusto V1, Décary S, Peyot ML, 

Latour MG, Lamontagne J, Paradis-Isler N, et al. 

Voluntary running exercise prevents beta cell 

failure in susceptible islets of the Zucker diabetic 

fatty rat. Am J PhysiolEndocrinolMetab 

2012;302(2):254-64. 

38. Choi SB, Jang JS, Park S. Estrogen and exercise 

may enhance beta-cell function 504 and mass via 

insulin receptor substrate 2 induction in 

ovariectomized diabetic rats. Endocrinology 

2005;146:4786-94. 

39. Wang H, Brun T, Kataoka K, Sharma AJ, Wollheim 

CB. MAFA controls genes implicated in insulin 

biosynthesis and secretion. Diabetologia 

2007;50(2):348-58. 

40. Samaras SE, Zhao L, Means A, Henderson E, 

Matsuoka TA, Stein R. The islet � cell-enriched 

RIPE3b1/Maf transcription factor regulates pdx-1 

expression. Journal of Biological Chemistry 

2003;278(14):12263-70. 

41. Shao S, Fang Z, Yu X, Zhang M. Transcription 

factors involved in glucose-stimulated insulin 

secretion of pancreatic beta cells. Biochemical and 

Biophysical Research Communications 

2009;384(4):401-4. 

42. Kaneto H, Miyatsuka T, Kawamori D. PDX-1 and 

MafA play a crucial role in pancreatic B-cell 

differentiation and maintenance of mature B-cell 

function. Endocrine Journal 2008;55(2):235-52. 

43. Zhang C, Moriguchi T, Kajihara M. MafA is a key 

regulator of glucose-stimulated insulin secretion. 

Molecular and Cellular Biology 2005;25(12):4969-

76. 

44. Andrali SS, Smapley ML, Vanderford NL, Ozcan S. 

Glucose regulation of insulin gene expression in 

pancreatic B- cells. Biochemical Journal 

2008;415(1):1-10. 

45. Hagman DK, Hays LB, Parazzoli SD, Poitout V. 

Palmitate inhibits insulin gene expression by 

altering PDX-1 nuclear localization and reducing 

MafA expression in isolated rat islets of 

Langerhans. Journal of Biological Chemistry 

2005;280(37):32413-8. 

46. V.Poitout,D.Hagman, R. Stein, I.Artner, R. P. 

Robertson, andJ. S. Harmon, “Regulation of the 

insulin gene by glucose and fatty acids,” Journal of 

Nutrition, vol. 136, no. 4, pp. 873–876, 2006. 

47. Harmon, J.S., Stein, R., & Robertson, R. P. 

Oxidative stress-mediated, post-translational loss of 

MafA protein as a contributing mechanism to loss 

of insulin gene expression in glucotoxic beta cells. 

The Journal of Biological Chemistry, 280(12), 

11107-11113;2005.  

48. Robertson, R. P., & Harmon, J. S. Diabetes, glucose 

toxicity, and oxidative stress: A case of double 

jeopardy for the pancreatic islet beta cell. Free 

Radical Biology & Medicine, 41(2), 177-184;2006. 

 

 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

do
.s

su
.a

c.
ir

 o
n 

20
26

-0
5-

14
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               7 / 7

https://ijdo.ssu.ac.ir/article-1-401-en.html
http://www.tcpdf.org

