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Abstract

Background: Resistance exercise is recommended as a useful therapeutic tool for the treatment of type 2 diabetes (T2D); however,
the frequency of studies is inadequate to establish the precise mechanisms of any association between them.
Objectives: In this study, we aimed to assess the effect of three months of resistance training on TCF7L2 expression in pancreatic
tissues, serum insulin and glucose.
Materials and Methods: For this purpose, type 2 diabetes (T2D) was induced by intraperitoneal streptozotocin-nicotinamide in
eighteen male Wistar rats aged 10 weeks (220 ± 30 g). Then, the rats were randomly divided into exercise and control groups. The
exercise rats completed a three-month resistance training intervention that included climbing on a stepladder for 5 days weekly. The
control group did not participate in exercise intervention. Fasting glucose and insulin were measured before and after injection (7
days) and after intervention. TCF7L2 gene expression of pancreatic tissues was measured in both groups after the exercise treatment,
and the ratio between the two groups was calculated.
Results: Fasting glucose increased and serum insulin decreased significantly by T2D induction in the two groups at baseline. Re-
sistance training resulted in a decrease in fasting glucose and an increase in insulin in exercise rats. Data also showed that TCF7L2
gene expression decreased after resistance training compared with the control group.
Conclusions: Based on these data, increased serum insulin can be attributed to a decrease in TCF7L2 gene expression of pancreatic
cells by resistance training in T2D rats.
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1. Background

Diabetes mellitus type 2 (T2D) is the most common
metabolic disorder of the present century (1). It is well
known that in addition to reduced insulin sensitivity, im-
paired beta cell function has a key role in the pathogene-
sis of T2D, which is expected to affect more than 300 mil-
lion people by 2025 (2). However, the exact mechanisms by
which beta cell function is reduced in these patients are
still not fully understood. Among the factors contribut-
ing to this disorder, the role of insulin receptors in the
regulation of beta cell function (3) and beta cell mass (4)
can be mentioned. Thus, longitudinal studies have always
emphasized the importance of the damage progression of
beta cell function in the prevalence and severity of T2D.

Although T2D is a multifactorial disease, obesity is one
of the leading risk factors for its incidence. The crucial
role of obesity in T2D is supported by many recent and
past studies (5). On the other hand, the question arises
why all obese people do not develop T2D or why some T2D
patients have normal weight. Hence, it seems that apart

from obesity, other important factors play major roles in
this disease, which has recently been the focus of many
researchers. In this context, recent genetic studies, par-
ticularly from 2007 onward, on diabetics or pre-diabetics
indicated that some recently discovered genes (CDKAL1,
CDKN2A/B, IGF2BP2, HHEX, HNF1B, KCNJ11, PPARG, TCF7L2,
SLC30A8, WFS1, ADAMTS9, CDC123, CAMK1D, JAZF1, NOTCH2,
THADA, TSPAN8, and LGR5) set the stage for T2D, even in the
absence of obesity (6). Interestingly, some of these genes
do not affect body weight or obesity but alter beta cell func-
tion and insulin secretion (7-10).

In the meantime, it has been recently shown that Tran-
scription Factor 7-Like 2 (TCF7L2) polymorphisms are asso-
ciated with diabetes (11), and its increased expression in-
creases the risk of developing T2D by 1.46 times (12). TCF7L2
is a T cell transcription factor that plays an important role
in cellular signaling pathways of Wnt as the main compo-
nents of the regulation of cell proliferation and differenti-
ation (13). Although Kovacs et al. (2008) reported no signif-
icant difference in TCF7L2 gene expression in visceral and
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subcutaneous adipose tissue between diabetics and non-
diabetics as well as between obese and non-obese people
(14), some recent studies reported a 5-fold increase in its ex-
pression in pancreatic cells of T2D patients compared with
healthy people, which was also associated with decreased
insulin secretion (9). Recent clinical studies have indicated
that the decreased TCF7L2 expression in beta cells results
not only in reduced blood glucose levels, but also in im-
proved glucose tolerance (15).

Given the role of TCF7L2 and its variants on the preva-
lence of T2D reported in recent studies on the Iranian pop-
ulation (16, 17), it is of utmost importance to answer the
question whether changes in the expression of this gene
or its variants due to extrinsic interventions is associated
with changes in insulin and blood glucose levels as the de-
terminants of T2D. In this context, some studies have exam-
ined the combined effect of exercise training and diet on
TCF7L2 expression. It was found in a recent study that in
response to changes in lifestyle (exercise + diet), changes
in rs7903146 of the TCF7L2 gene has a negative correlation
with insulin secretion and insulin sensitivity (18). However,
in the meantime, no study was found regarding the direct
effect of resistance exercises on TCF7L2 expression in pan-
creatic cells of T2D.

2. Objectives

Hence, the present study was carried out to evaluate
the effect of 12 weeks of resistance exercises on pancreas
TCF7L2 expression and insulin and glucose fasting levels in
male Wistar rats with T2D.

3. Materials andMethods

3.1. Experimental Animals

Eighteen 10-week-old male Wistar rats (220 ± 30 g),
procured from the institutional animal house facility, were
used for all the experiments. Animals were provided with
a standard pellet diet and water ad libitum, and they
were maintained under standardized conditions (12-hours
light/dark cycle, 25± 2˚C and humidity 45% - 55%). The rats
were left for 1 week for acclimatization prior to the com-
mencement of the experiment. The study was approved
by the department of exercise physiology at Tehran uni-
versity, Iran, and carried out in accordance with guidelines
from the committee for the purpose of control and super-
vision of experiments on animals (CPCSEA).

3.2. Induction of Type 2 Diabetes

After 1 week of acclimation, the Wistar rats were ran-
domized and divided into two groups: the exercise di-
abetes group (ED) and the control diabetes group (CD).
T2D was induced by a single intraperitoneal (i.p.) injec-
tion of 60 mg/kg streptozotocin (dissolved in citrate buffer,
pH 4.5), 15 min after the i.p. administration of 95 mg/kg
of nicotinamide (dissolved in normal saline) (19). Hyper-
glycemia was confirmed by elevated blood glucose levels
on day 7 after injection, and only animals with fasting
blood glucose levels between 150 and 400 mg/dL were se-
lected to serve as T2D rats and used in the study. The ani-
mal experimental protocols were approved by the animal
ethics committee of Tehran university.

3.3. Training Protocol

At this phase, 7 days after the induction of diabetes, the
rats in the exercise group climbed on a stepladder without
any resistance for 6 times in 3 training sessions in order to
learn how to exercise. Then, they participated in a 12-week
course of resistance training for 5 days per week in the for-
mat of climbing a 26-step, 1 meter vertical ladder with a
gradient of 80%. Each session of resistance training was
performed in the form of 3 courses with 6 repetitions on
each course, and resistance was increased through attach-
ing a weight to each rat’s tail. The attached weights were
proportional to the body weight of the rats during exer-
cise. Breaks between courses and between repetitions were
3 minutes and 45 seconds, respectively. The only method
used to stimulate the rats to climb the ladder was touch-
ing and rubbing the tail. To warm up and cool down before
and after the workout, the rats climbed and descended the
ladder 2 times without any resistance.

The resistance was increased gradually during exercise
as follows; repetitions with 10% of body weight in the first
week, 20% of body weight in the second week, 40% of body
weight in the fourth and fifth weeks, 60% of body weight
in the sixth and seventh weeks, 80% of body weight in the
eighth and ninth weeks, and 100% of body weight in the
tenth, eleventh, and twelfth weeks ((20, 21): justified). Fi-
nally, all rats were dissected 48 hours after the last train-
ing session following 10 to 12 hours of overnight fasting. It
should be noted that the diabetic control rats were not in-
cluded in the training program during this period.

3.4. Sample Collection and Biochemical Assays

Finally, 48 hours after the last training session, the fast-
ing rats in both groups (with 10 to 12 hours of no food
overnight) were anesthetized through intraperitoneal in-
jection of 10% ketamine at a dose of 50 mg/kg along with
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2% xylosine at a dose of 10 mg/kg, after which they were un-
derwent dissection. After the rats were anesthetized, blood
samples were collected through cardiac puncture. Then,
pancreatic tissue was removed and immersed in RNA un-
til biochemical analysis was performed later to determine
TCF7L2 expression. The blood samples were used to analyze
blood glucose and serum insulin levels. The serum was sep-
arated by centrifugation (5 minutes, 3,000 rpm) and was
analyzed for glucose using a Cobas 6000 analyzer (Roche,
Germany). Glucose was determined by the oxidase method
(Pars Azmoon kit, Tehran). The remaining serum samples
were then stored at -20˚C until the insulin determination
was made by the ELISA method (Demeditec, Germany). The
intra-assay and inter-assay coefficients of variation of the
method were 2.6% and 2.88, respectively.

3.5. RNA Extraction/Real-Time PCR

To purify RNA, 20 milligrams of tissue were ground
using a mortar and pestle, and extraction was then per-
formed employing the RNeasy Protect Mini Kit (manufac-
tured by Qiagen Inc. in Germany) according to the manu-
facturer’s protocol.

In this stage, the One Step SYBR Prime Script RT-PCR Kit
(manufactured by the Takara Bio, Inc., in Japan) was em-
ployed according to the manufacturer’s protocol to pre-
pare the reaction product. The thermal cycle program used
for the Rotor-Gene Q instrument was as follows: 42˚C for 20
minutes, 95˚C for two minutes, and 40 cycles at 94˚C for 10
seconds and 60˚C for 40 seconds. Temperatures from 50 to
99˚C were used for the melting curve after the PCR to study
the characteristics of the primers. The comparative∆∆CT
method was used to quantify the TCF mRNA expression. We
used RNA polymerase II as a normalizer.

3.6. Statistical Analysis

All the data are expressed as mean ± SD. Data were an-
alyzed by computer using the statistical package for so-
cial sciences (SPSS) for Windows, version 15.0. At base-
line, comparisons of parameters between the two groups
were made by unpaired student’s t-test. Student’s t-tests
for paired samples were performed to determine whether
there were significant within-group changes in the out-
comes. Differences were considered to be statistically sig-
nificant when P < 0.05.

4. Results

Based on statistical data, no significant differences
were observed in fasting insulin between groups (P >
0.05). In control and exercise diabetes groups, fasting

glucose increased significantly after the streptozotocin-
nicotinamide injection (P < 0.05). Fasting glucose de-
creased by resistance training in exercise diabetes subjects
(P = 0.000) while no significant change was observed in the
control diabetes group (Table 2).

Table 3 shows the changes in serum insulin in the 2
groups. Similar to fasting glucose, there were no statisti-
cally significant differences between exercise and control
diabetic rats with regard to serum insulin at baseline (P >
0.05). Compared to baseline, fasting insulin concentration
decreased significantly by streptozotocin-nicotinamide in-
jection in both diabetes groups (P < 0.05). Insulin lev-
els were significantly increased in exercise rats when com-
pared with pre-training values (P < 0.05).

All changes in TCF7L2 expression in the exercise group
with respect to the control group are standard. TCF7L2 ex-
pression decreased significantly with exercise training. On
the other hand, 3 months of resistance training for 5 ses-
sions per week led to a significant decrease in TCF7L2 ex-
pression in exercise diabetic rats compared to control dia-
betic rats. TCF7L2 expression in pancreas tissue decreased
72% in the resistance training group compared to the con-
trol group (Figure 1).

Figure 1. The Changes in TCF7L2 Expression of Pancreas Tissue by Resistance Train-
ing in T2D Rats
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5. Discussion

The major finding of the present study was the de-
creased TCF7L2 expression in response to 3 months of resis-
tance training in T2D rats. The training course, on the other
hand, decreased fasting blood glucose levels and increased
serum insulin in diabetic rats with resistance training
compared to those without resistance training. However,
the answer to the question whether the increase in serum
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Table 1. Genes

Genes Primer Sequence Product Size, bp Tm Gene Bank

TCF7L2 159 60 NM_001191052.1

For: CGTCCATGGTCCCTTCCTC

Rev: ACTTCAATCAAGCAGGGGCAC

RNA Polymerase II

For: ACTTTGATGACGTGGAGGAGGAC 164 60 XM_008759265.1

Rev: GTTGGCCTGCGGTCGTTC

Table 2. Mean and Standard Deviation of Fasting Glucose in Studied Groups

Group Baseline After Injectiona After Intervention

Control diabetic 88 ± 13 358 ± 112 371 ± 112

Exercise diabetic 80 ± 11 363 ± 99 251 ± 71b

aSignificant difference compared to baseline level (P < 0.05).
bSignificant difference compared to before intervention (P < 0.05).

Table 3. Mean and Standard Deviation of Serum Insulin in Studied Groups

Group Baseline After Injectiona After Intervention

Control diabetic 10.3 ± 4.3 6.3 ± 2.1 5.6 ± 2.4

Exercise diabetic 9.8 ± 2.7 5.9 ± 1.8 8.5 ± 2.1b

aSignificant difference compared to baseline level (P < 0.05).
bSignificant difference compared to before intervention (P < 0.05).

insulin levels occurred in response to reduced TCF7L2 ex-
pression seems a little difficult. Type 2 diabetes is a re-
sult of complex interactions between genetic and environ-
mental factors playing a role in the metabolism of fat and
glucose, such as malfunctioning of hepatic and muscu-
lar insulin and defects in insulin secretion, adipose tissue
metabolism, whole body lipolysis, and possibly metabolic
defects in other organs of the body; nevertheless, the main
cause of the disease, especially in its severe form, is the
lack of sufficient insulin secretion from pancreatic beta
cells to compensate for insulin resistance (21). In fact, al-
though an increase in insulin resistance results in an in-
creased mass of beta cells to secrete more insulin to com-
pensate for insulin resistance (22-24), severe long-lasting
insulin resistance is associated with reduced proliferation
of beta cells. As a result, in response to long-term insulin
resistance, levels of beta cell mass are not maintained for
adequate secretion of insulin (25). If the capacity of in-
sulin secretion is sufficient to compensate for insulin re-
sistance, people with insulin resistance will not develop
diabetes (22). Previous studies have noted that increased
expression of TCF7L2 is associated with decreased insulin

secretion from pancreatic beta cells. Common genetic
variations in TCF7L2 reveal the strongest association with
type 2 diabetes known to date (26). The importance of ge-
netic variations in TCF7L2 for type 2 diabetes has been re-
ported in numerous studies in populations of diverse ethi-
cal backgrounds, although the physiopathological mecha-
nisms underlying these associations are largely unknown.
On the other hand, the exact location of the genetic varia-
tions associated with the disease is different in cohorts of
Asian descent (27).

Some studies on Asian populations have revealed that
during increased insulin resistance after high-calorie or
high-fat diets, secretion of insulin is insufficient to com-
pensate for insulin resistance (28-30). In addition, a Ko-
rean study showed that a significant proportion of pa-
tients with type 2 diabetes are not obese and their insulin
levels are normal or below normal (30). These studies point
out in general that the non-obese Asians secrete insuffi-
cient amounts of insulin during insulin resistance, lead-
ing ultimately to type 2 diabetes (25, 28). In recent years,
researchers have found 70 genetic variants with the risk
for diabetes, but TCF7L2 is still identified as the most im-
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portant diabetes susceptibility gene, so that the gene has
carriers and variants with the greatest risk of type 2 dia-
betes (21, 29). TCF7L2 is a member of a transcription fac-
tors family and plays an important role in cellular signal-
ing pathways of Wnt through regulation of cell prolifera-
tion and differentiation (30). The TCF7L2 gene is located on
chromosome 10q25, where it has a strong linkage with di-
abetes type 2 (31, 32). It is known that Wnt signals affect se-
cretion of glucagon-like peptide-1 (GLP-1) through nuclear
receptors of TCF7L2 that trigger the release of insulin from
beta cells of the small intestine (13).

Phenotypic changes in TCF7L2 indicate that type 2 di-
abetes exacerbates through or due to malfunctioning of
beta cells (33-35). Changes in TCF7L2 expression and its vari-
ants are associated with impaired insulin secretion that
reduces the capacity of insulin secretion in response to
insulin sensitivity. Among variants of TCF7L2, rs7903146
T-allele is one of the most important genetic risk factors
for T2D (36) and has been reported to have a strong direct
relationship with T2D in different populations (12). This
relationship is associated with defects in insulin produc-
tion, and it is represented by reducing the release of in-
sulin from pancreatic beta cells (37, 38). Other studies have
reported the association between rs7903146 T-allele with
impaired glucose tolerance (34, 38, 39), increased birth
weight (40), and increased anthropometric indices which
show the role of the TCF7L2 phenotype in several tissues
(33). It seems that the diabetic effect of TCF7L2 rs7903146
or TCF7L2-related variants is presented as reduced insulin
secretion or defects in insulin function, reduced effect of
glucagon-like peptide-1 (GLP-1), and increased hepatic glu-
cose production (37, 41, 42). Wegner et al. (2008) have re-
cently shown that the TCF7L2 rs7903146 T-allele is associ-
ated with impaired insulin secretion in elderly twins (43).
It is known that each TCF7L2 rs7903146 T-allele increases
the risk of type 2 diabetes, even in the presence of a weight
loss of 1.37-fold (11, 33, 34, 44). Several studies have also in-
dicated that rs7903146 affects insulin production in type 2
diabetes through reducing the conversion of proinsulin to
insulin. These studies in fact support the close relationship
between rs7903146 and damaged conversion of proinsulin
to insulin (37, 45). Genetic variations of rs7903146 are lo-
cated in the non-coding region, and similar to other type 2
diabetes-related variants, it seems that their impact on the
disease occurs through changes in gene expression.

Although one cannot be certain about the mechanisms
of resistance training leading to reduced fasting blood
glucose levels in diabetic rats in this study, according to
previous evidence, it seems that reduced TCF7L2 expres-
sion following exercise is of great importance in improve-
ment of blood glucose. Most previous studies in this area
have introduced increased TCF7L2 expression in pancre-

atic cells as the most important genetic factor contribut-
ing to decreased insulin secretion. Thus, it appears that
the mentioned resistance training protocol has led to in-
creased secretion of insulin from beta cells through reduc-
ing the expression of TCF7L2 in the pancreas. In this con-
text, some studies have noted that both diet and physical
activity increase insulin secretion, while functional mech-
anisms are independent of each other. Diet increases beta
cell mass through hypertrophy to overcome insulin re-
sistance, while exercise training increases beta cell mass
through hyperplasia, which is displayed as increased beta
cell proliferation and reduced apoptosis (25). In addition,
some studies have reported that exercise reduces symp-
toms of hepatic insulin through reducing hepatic glucose
release in hyperinsulinemic conditions (46, 47). Neverthe-
less, some studies have shown that exercise training im-
proves the mass and function of beta cells in type 2 diabetic
patients.

The existing evidence supports increased expression of
the TCF7L2 gene in the presence of type 2 diabetes, and
the decline in insulin secretion in these patients has, in
a way, been attributed to this higher gene expression. In
this research, three months of resistance training signifi-
cantly increased serum insulin levels accompanied by re-
duced fasting blood glucose levels in rats with type 2 dia-
betes that had been manipulated to develop defective in-
sulin secretion. Moreover, this training program was ac-
companied by reduced levels of TCF7L2 expression in pan-
creatic tissue. Based on this evidence, higher insulin secre-
tion in the studied rats probably can be attributed to lower
TCF7L2 gene expression resulting from resistance training.
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