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ABSTRACT

Background: This study aimed to examine the impact of aerobic exercise
and combined exercise (aerobic-resistance) on p53-dependent apoptosis
and on reducing colon tumor microvascularization via VEGFR-2 in a rat
model of colon cancer.

Methods: This in vivo experimental study involved 50 rats. Following the
induction of colon cancer using 1,2-dimethylhydrazine (DMH), the rats
were randomly assigned to five groups: Healthy Control (HC), Sham (SH),
Sedentary Diseased (DS), Diseasedt+Aerobic Exercise (DA), and
Diseased+Combined Exercise (DC). The exercise interventions were
conducted over 10 weeks. Post-training, the gene expression levels of p53
and VEGFR-2 were evaluated using Real-time PCR. Statistical analysis
was performed using one-way ANOVA with a significance threshold of
p<0.05.

Results: Induction of colon cancer in the DS group led to a significant
downregulation of p53 expression (p<0.001) and a significant upregulation
of VEGFR-2 (p<0.001) compared to the HC group. Both exercise
interventions exhibited significant modulatory effects. Specifically, the DA
group showed a significant increase in p53 (p=0.044) and a significant
decrease in VEGFR-2 (p<0.001) compared with the DS group. The DC
group, however, showed a more pronounced effect, with significant
increases in p53 (p<0.001) and decreases in VEGFR-2 (p<0.001) compared
to the DS group. Additionally, a significant difference in the improvement
of both indices was observed between the DC and DA groups (p<0.01).
Conclusion: The findings suggest that regular physical exercise,
particularly the combined approach, serves as an effective therapeutic
strategy for modulating tumor survival pathways in colon cancer by
enhancing the apoptotic pathway (p53) and inhibiting angiogenesis
(VEGFR-2), thereby exerting antineoplastic effects.
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Extended Abstract

Background: Colon cancer progression is not
solely driven by uncontrolled cellular
proliferation but is strongly dependent on
complex biological adaptations that support
tumor survival, including suppression of
programmed cell death and enhancement of
tumor angiogenesis. Two critical pathways
underlying these processes are the p53-
mediated apoptotic pathway and the VEGFR-2-
dependent angiogenic signaling axis. The tumor
suppressor gene p353 plays a pivotal role in
regulating cell cycle arrest and apoptosis in
response to genomic damage, and its
downregulation is associated with increased
tumor cell survival. Conversely, VEGFR-2 is a
key mediator of endothelial cell proliferation
and neovascularization, facilitating tumor
growth through enhanced oxygen and nutrient
supply. Emerging evidence suggests that
physical exercise may exert antineoplastic
effects by modulating both apoptotic and
angiogenic pathways. However, most previous
studies have investigated these mechanisms
independently, and limited evidence exists
regarding the simultaneous effects of different
exercise modalities on these critical tumor
survival  pathways. In  particular, the
comparative and integrative effects of aerobic
versus combined (aerobic-resistance) exercise
on both apoptosis and tumor
microvascularization remain insufficiently
explored. Therefore, the present study aimed to
investigate the effects of aerobic and combined
exercise on the expression of p53 and VEGFR-2
genes in a rat model of colon cancer, with a
focus on elucidating their potential role in
modulating tumor survival mechanisms.

Methods: This study was designed as a
randomized controlled experimental laboratory
investigation with a quantitative approach. The
study population consisted of 50 male Wistar
rats aged 10-12 weeks and weighing 250-300
grams, maintained under standard laboratory
conditions including controlled temperature
(22+2°C), a 12-hour light/dark cycle, and free
access to food and water. After one-week
acclimatization period, colon cancer was
induced using subcutaneous injections of 1,2-
dimethylhydrazine (DMH) at a dose of 40
mg/kg body weight, administered weekly for

six consecutive weeks. The animals were then
randomly assigned into five groups (n=10 per
group): Healthy Control (HC), Sham (SH),
Sedentary Diseased (DS), Diseased+Aerobic
Exercise (DA), and Diseased+Combined
Exercise (DC).

The aerobic exercise protocol consisted of
continuous treadmill running at 60% of
maximal running speed, performed five
sessions per week for 10 weeks, with each
session lasting 60 minutes. The combined
exercise protocol included both aerobic
(swimming in water at 31£2°C, progressively
increased from 10 to 30 minutes) and resistance
training (ladder climbing with loads
progressively increased from 10% to 50% of
body weight), conducted on alternating days
over the same 10-week period.

Following the intervention period, colon tissue
samples were collected and immediately frozen
in liquid nitrogen. Total RNA was extracted
using TRIzol reagent, and cDNA synthesis was
performed using a standard reverse
transcription kit. Gene expression levels of p53
and VEGFR-2 were quantified using Real-time
PCR with SYBR Green, and B-actin was used
as an internal control. Relative gene expression
was calculated using the AACt method.
Statistical analysis was performed using SPSS
version 27. Data normality was assessed using
the Shapiro—Wilk test, and homogeneity of
variances was examined using Levene’s test.
One-way ANOVA was used to compare group
differences, followed by Tukey’s post-hoc test
for pairwise comparisons. The level of
statistical significance was set at p<0.05.
Results: Descriptive findings indicated distinct
patterns of change in apoptotic and angiogenic
markers across the study groups. In the
sedentary diseased group (DS), induction of
colon cancer resulted in a marked decrease in
p33 expression (0.60+£0.29) and a substantial
increase in VEGFR-2 expression (1.85+0.38)
compared to the healthy control group (p53:
1.00+0.16; VEGFR-2: 1.00+0.14), reflecting
suppression of apoptosis and activation of
tumor angiogenesis.

One-way ANOVA revealed statistically
significant differences among the groups for
both p53 (F=8.52, p=0.0003) and VEGFR-2
(F=31.84, p<0.0001), indicating that the
observed changes were influenced by both
disease status and exercise interventions.
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Post-hoc Tukey analysis demonstrated that the
DS group had significantly lower p353
expression and higher VEGFR-2 levels
compared to the healthy control group
(p<0.001), confirming the effectiveness of
cancer induction. Both exercise interventions
significantly modulated these alterations. In the
aerobic exercise group (DA), p53 expression
increased significantly (mean difference=
+0.32, p=0.044), while VEGFR-2 expression
decreased significantly (mean difference=
—0.55, p<0.001) compared to the DS group.
More pronounced effects were observed in the
combined exercise group (DC), where p53
expression showed a greater increase (mean
difference= +0.58, p=0.0004) and VEGFR-2
exhibited a greater reduction (mean difference=
—0.90, p<0.001) relative to the DS group.
Furthermore, direct comparison between DC
and DA groups revealed significant differences
in both p53 (p<0.001) and VEGFR-2 (p=0.012),
indicating the superior efficacy of combined
exercise.

These findings suggest that both aerobic and
combined exercise can partially reverse tumor-
induced molecular alterations, but the combined
modality exerts a stronger regulatory effect on
both apoptotic and angiogenic pathways. The
concurrent  upregulation of p53 and
downregulation of VEGFR-2 in the DC group
indicates a dual mechanism involving enhanced
apoptotic signaling and suppression of tumor
vascularization.

Conclusion: The present study demonstrates
that regular physical exercise, particularly
combined aerobic-resistance training, can
simultaneously modulate two critical biological

pathways involved in colon tumor survival. The
upregulation of p53 suggests enhanced
activation of apoptotic signaling, while the
downregulation  of  VEGFR-2  reflects
suppression of tumor angiogenesis. These dual
effects contribute to destabilizing the tumor
microenvironment and  limiting  tumor
progression.

The superior efficacy of combined exercise
compared to aerobic exercise alone highlights
the importance of multi-component training
interventions that target diverse physiological
and molecular mechanisms. From a
translational perspective, these findings support
the potential role of structured exercise
programs as non-pharmacological adjunct
therapies in colon cancer management.
Incorporating combined exercise regimens may
enhance the effectiveness of conventional
treatments by increasing tumor sensitivity to
apoptosis and reducing vascular support for
tumor growth.

Despite these promising results, the study is
limited by its use of an animal model and the
focus on a limited number of molecular
markers. Future research should investigate
additional signaling pathways, immune and
inflammatory responses, and clinical outcomes
in human populations. Overall, this study
provides evidence that exercise, particularly in
its combined form, represents a multifaceted
and effective strategy for modulating tumor
biology and improving  cancer-related
outcomes.
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