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Abstract. The present study aimed to observe the growth of 
transplanted tumors in mice with colorectal cancer (CRC) 
under hyperglycemic conditions and to detect the expres-
sion of vascular endothelial growth factor (VEGF) in these 
tumors. The study also aimed to observe the changes in serum 
insulin-like growth factor-1 (IGF-1) levels and to determine 
whether type 2 diabetes mellitus (T2DM) was a risk factor for 
the progression and development of CRC. A mouse model of 
a transplanted colorectal tumor with T2DM was established 
to observe the changes in volume and size of the transplanted 
tumor. Mice were sacrificed at the end of the 5th week to deter-
mine the serum IGF-1 level and VEGF expression in the tumor 
tissues. The tumor volume (1628.5±882 mm3) in the CRC-DM 
group was larger than that in the CRC group (1950.2±726 mm3; 
P<0.05). The serum IGF-1 level (105.33±32.32 ng/ml) was 
higher than that in the normal (69.83±25.57 ng/ml) and CRC 
groups (70.17±25.27 ng/ml; P<0.05). The VEGF expression 
in the tumor tissues of the CRC-DM group(70.0±11.5%) was 
higher than that in the CRC group (42.9±7.5%; P<0.05). T2DM 
may be one of the causes for the promotion of CRC growth 
and its mechanism may be correlated with the increased 
IGF-1 action observed in the blood that induces VEGF gene 
transcription, upregulates VEGF expression, causes tumor 
angiogenesis and thus leads to the occurrence and metastasis 
of tumors.

Introduction

Colorectal cancer (CRC) is the joint name for colon and rectal 
cancer, one of the most common malignant tumors. Numerous 
scholars have observed that the occurrence and development 
of CRC is closely correlated with diabetes mellitus (DM) (1-4). 
The studies observed that the mechanism of DM-induced 
CRC may include the following: i) hyperglycemia, ii) the role 
of hyperinsulinemia and insulin resistance, iii) the role of 
insulin-like growth factor-1 (IGF-1), iv) the role of metabolic 
syndrome-related inflammatory factors (including adipo-
kines) (5) for cell proliferation, v) the role of the immune system 
and vi) the increase of plasma endothelin level in diabetics, as 
well as the abnormalities of various trace elements, including 
chrome, zinc, manganese, selenium, magnesium and ferrum. 
The incidence of colorectal tumors caused by the increased 
insulin secretion from certain hypoglycemic agents may also 
be involved. In the present study, in order to further demon-
strate the correlation between these factors, a type 2 DM 
(T2DM) model was established based on a mouse model of 
a transplanted colorectal tumor. The changes in the mouse 
serum IGF-1 levels and the vascular endothelial growth factor 
(VEGF) expression were observed in the tumor in order to 
discuss whether type 2 diabetes was a significant risk factor 
for promoting the development and progression of CRC and to 
explain the possible mechanism behind this. The present study 
was conducted in the hope of providing a research basis for the 
prevention of CRC.

Materials and methods

Experimental groups. ICR mice were purchased from the 
Shanghai SLAC Laboratory Animal Center (Shanghai, China). 
The mice were 4-6 weeks old, weighed 22±2.0 g and were half 
males and half females. The mice were fed in a clean animal 
room [Certification Number SCXK (Shanghai) 2008‑0005], at 
a room temperature of 22-25˚C. The bedding, drinking water 
and food were all sterilized. The mice were randomly divided 
into four groups; 8 mice comprising group A were the blank 
control group, 8 mice in group B were the DM group, 12 mice 
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in group C were the CRC group and 12 mice in group D were 
the CRC-DM group. Groups B and D were provided a high-fat 
and high-sugar diet for four weeks and the other groups were 
provided a normal diet for four weeks. The present study was 
carried out in strict accordance with the recommendations in 
the Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health. The animal use protocol was 
reviewed and approved by the Institutional Animal Care and 
Use Committee (IACUC) of the Third Affiliated Hospital of 
Nantong University, Wuxi, Jiangsu, China.

Animal model. CT26 cells were suspended in 20% new-born 
calf serum and cell culture medium (RPMl-1640 nutrient 
solution containing 100 IU/ml penicillin and 100 µg/ml strep-
tomycin), then cultivated with 5% CO2 at 37˚C. The cells with 
adherent growth were removed following mechanical blowing 
and prepared to the desired cell suspension concentration with 
an appropriate amount of physiological saline. A 0.2 ml suspen-
sion of 2x106 cancer cells was subcutaneously inoculated into 
the right axillary of the ICR mice. The cells were passaged 
twice in the mice and the tumor body was peeled off in 1 mm3 
sections. These cells were then subcutaneously inoculated 
with a surgical trocar into the right axillary of the mice in 
groups C and D. After 7 days, the mice with a tumor diameter 
of ~0.5 cm were selected to establish the transplanted tumor 
model. Following the successful transplant of the tumors into 
groups C and D, the mice in groups B and D were adminis-
tered an intraperitoneal injection of 100 mg/kg streptozotocin 
(STZ) sodium citrate buffer (Sigma, St. Louis, MO, USA) and 
the normal control group was administered an intraperitoneal 
injection of pH 4.4 sodium citrate buffer. A T2DM model 
was established when the blood sugar measured >11.0 mmol/l 
following two consecutive tail amputations. Groups B and D 
continued to be provided with high-fat and high-sugar diets 
and the other groups were provided with normal diets.

Experiment detection. On the 3rd day subsequent to the estab-
lishment of the transferred tumor model, the long and short 
diameters of the subcutaneous tumor were measured with a 
vernier caliper to calculate the tumor volume and draw the 
tumor growth curves. The animals were sacrificed following 
28 days of tumor growth and the subcutaneous tumor was 
peeled off and weighed with an electronic scale. The serum 
IGF-1 level was measured using a kit (Boster Biological 
Engineering Company, Wuhan, China), following the manu-
facturer's instructions. The values in each well were read at 
the 450 nm wavelength following all the surgical procedures. 
The standard curve was drawn on logarithmic coordinate 
paper according to the measured A-values of each standard 
substance and the test results of the serum specimens in all 
the laboratory mice were compared with the standard curve 
to obtain their serum IGF-1 levels. The VEGF expression in 
the tumor tissues was detected by immunohistochemistry 
(SP method). Claybank particles that appeared in the normal 
mucosa epithelial cells or in the cytoplasm of tumor cells were 
considered as evidence of positive expression. Positive expres-
sion was judged according to the standard of Volm: i) The 
uniformly colored tumor area was selected and the colored 
cells were counted using x400 magnification. The percentage 
of colored cells was calculated and represented the total 

number of cells in the respective field of vision. The means 
were taken and graded from 0-3 according to the percentage of 
the colored cells accounting for the total number of cells in the 
field of vision. Grade 0, 0%; grade 1, <25%; grade 2, 25-56%; 
and grade 3, >56%. ii) The cells were graded according to 
the degree of coloration: Grade 0, no color; grade 1, weakly 
colored; grade 2, moderately colored; and grade 3, strongly 
colored. The results were judged according to the sum of the 
i) and ii) values: negative, 0; weakly positive, 1-2; moderately 
positive, 3-4; and strongly positive, 5-6.

Statistical analysis. The measurement data were presented as 
the mean ± SD and all the indicator analyses were performed 
by SPSS 13.0 software. The inter-group comparison used 
LSD (least significant difference; homogeneity of variance) 
or Tamhane (heterogeneity of variance) tests for statistical 
analysis. P<0.05 was considered to indicate a statistically 
significant difference.

Results

General observation. The mice in groups B and D developed 
a significant increase in weight subsequent to being fed with a 
high-fat and high-sugar diet for 4 weeks. The mice in groups C 
and D developed tumors, mostly elliptical in shape, following 
the inoculation with CRC cells and tumors were left to grow for 
1 week, and two weeks later, an irregular and uneven surface 
gradually appeared. The tumors of the two groups continued 
to grow, but were more evident in the CRC-DM group. There 
were no significant differences in diet or activity between each 
group. No deaths occurred as a result of the experiment, with 
the exception of two mice that escaped from the blank control 
group.

Comparison of the change in tumor volume and weight 
between the CRC and CRC‑DM groups. On the 7th day subse-
quent to the inoculation of the tumor cells in the CRC and the 
CRC-DM groups, the tumor tissues had grown and the tumor 
volumes had increased, although this was more evident in the 
CRC-DM group (Fig. 4). Subsequent to the experiment, the 
average weight of the transplanted tumors in the CRC-DM 
group was 2.30±0.43 g, which was higher than that in the CRC 
group (1.19±0.25 g), with a statistically significant difference 
between the two groups. This indicated that the tumors based 
on type 2 diabetes were able to grow larger and more rapidly 
(Fig. 1 and Table I).

Comparison of serum IGF‑1 values in each group. Compared 
with the control group, the serum IGF-1 levels in the CRC 
group were slightly higher, but with no statistically signifi-
cant difference, while the serum IGF-1 levels in the DM and 
CRC‑DM groups were increased with a statistically significant 
difference (P<0.05). Compared with the CRC group, the serum 
IGF-1 levels in the DM-CRC group were increased, with a 
statistically significant difference between the two groups 
(P<0.05). This indicated that the serum IGF-1 levels in the DM 
group were higher than those in the non-DM groups and that 
there were no significant changes in the serum IGF‑1 levels 
subsequent to the transplantation of tumor cells when based 
on DM (Table II).
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Comparison of VEGF expression in the tumor tissues between 
the CRC and CRC‑DM groups. As shown in Table III, VEGF 
was primarily expressed in the cytoplasm of the tumor cells. 
There were varying levels of expression in the two groups, but 
a more evident expression was present in the CRC-DM group 
than in the CRC group (P<0.05; Table III, Figs. 2 and 3).

Discussion

In previous studies, the T2DM mouse models were estab-
lished by the transplantation of tumor cells into normal and 
nude mice or by inducing insulin resistance with a high-fat 

Table I. Comparison of transplanted tumor weight in mice 
between the two groups.

Groups Number of mice Tumor weight (g)

CRC 12 1.19±0.25
DM-CRC 12 2.30±0.43a

aCompared with the colorectal cancer group, P<0.05. CRC, colorectal 
cancer; DM, diabetes mellitus.

Figure 1. Tumor growth curves. CRC, colorectal cancer; DM, diabetes  
mellitus.

Table II. Serum levels of IGF-1.

Groups Number of mice IGF-1 value (ng/ml)

Blank control   6 69.83±25.57
CRC 12 70.17±25.27
DM   8 103.63±31.67a

DM-CRC 12 105.33±32.32a,b

aCompared with the control group, P<0.05; bCompared with the 
colorectal cancer group, P<0.05. IGF-1, insulin-like growth factor-1; 
CRC, colorectal cancer; DM, diabetes mellitus.

Table III. Comparison of VEGF expression in the transplanted 
mouse tumors.

Groups Number of mice VEGF expression (%)

CRC 12 42.9±7.5
DM-CRC 12 70.0±11.5a

aCompared with the colorectal cancer group, P<0.05. VEGF, vascular 
endothelial growth factor; CRC, colorectal cancer; DM, diabetes 
mellitus.

Figure 3. VEGF expression in a transplanted tumor in the CRC-DM group. 
VEGF, vascular endothelial growth factor; CRC, colorectal cancer.

Figure 4. Mice in the colorectal cancer with diabetes (CRC-DM) group.

Figure 2. VEGF expression in a transplanted tumor of the CRC group. VEGF, 
vascular endothelial growth factor; CRC, colorectal cancer.
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diet (6), however, there were few studies on the concurrent 
establishment of a T2DM and colorectal transplanted tumor 
model. In the present study, the results of the concurrent 
establishment of the two models was shown. The colorectal 
transplanted tumors were passaged for only two generations, 
in line with the requirement of <15 generations for passaging 
in vivo, effectively preventing the repeated passages in the 
tumor body from causing a reduction in dissimilar types of 
cell phenotypes and changes in biological characteristics. 
Inoculation and passaging should be strictly performed under 
aseptic conditions. In the CRC-DM group, the tumor cells were 
transplanted after the mice were fattened. Subsequent to the 
growth of the tumor cells into a group of a certain size, STZ 
was injected again and the blood sugar level was measured 
until it was >11.0 mmol/l. At the same time, the transplanted 
tumor continued to grow; the tumor exhibited rapid growth 
during the overall study, with no growth failures or extinction 
phenomena, indicating that the mouse colorectal transplanted 
tumor had not been excluded for histoincompatibility, there-
fore providing a tumor specimen for the study.

IGF-1, also known as somatomedin C, is mainly synthe-
sized and secreted by the liver. In the blood, IGF-1 and 
IGF-binding protein (IGFBP) exist in a complex form, but 
have no activity, and only combined with its specific recep-
tors, IGF-1 was able to cause a series of biochemical reactions. 
Subsequent to IGF-1 combining with its receptors, the receptor 
is phosphorylated itself and causes various types of signal 
activation reactions, including those of the tyrosine kinase 
and phosphatidylinositol (IP)‑3 kinase/protein kinase B (PKB) 
pathways. This may also activate the insulin receptor substrate 
(IRS) family proteins and cause certain biological effects 
using these pathways. It has been observed in previous studies 
that in the majority of patients with diabetes, the IGF-1 level 
was higher than in healthy individuals, while the IGFBP was 
lower (7). However, there have also been other studies that 
observed the blood IGF-1 and IGFBP levels in patients with 
T2DM and identified that the IGF-1 levels were increased only 
following the development complications. The present study 
observed that the mouse serum IGF-1 levels in the T2DM 
model were increased compared with the control group, which 
proved our previous assumptions that the IGF-1 level in T2DM 
patients was higher than in healthy individuals. Considering 
that the plasma insulin levels in T2DM show a delayed release 
with sugar stimulation, a previous study showed that the 
plasma insulin levels with hollow and sugar stimulation were 
often higher than the normal levels and that the plasma insulin 
levels were often able to show mitogenic characteristics and 
improve the IGF-1 level to achieve biological characteris-
tics (7). Since IGFBP may be combined with IGF-1 to inhibit 
the physiological role of IGF-1, insulin may reduce the secre-
tion of hepatogenic IGFBP and indirectly cause the increase in 
the IGF-1 level (8). IGF-1 may promote growth, development 
and metabolism, as well as the immunomodulatory effect. It 
has been demonstrated that IGF-1 is closely correlated with 
the growth and transfer of tumors. IGF-1 was observed with 
strong mitosis immunogenicity and anti-apoptotic activity and 
was able to be produced by the autocrine and paracrine func-
tion of tumor cells to promote the differentiation and growth 
of the cells (9). Exogenous IGF-1 as a growth factor may also 
promote the growth of the tumor cells. IGF-1 combines with 

its receptors to activate the PI3K/Akt and MAPK signaling 
pathways (10), inhibiting tumor cell apoptosis and promoting 
cell proliferation, respectively (11-14). In the present study, the 
results indicated that the growth of the transplanted colorectal 
tumor tissues from the mouse T2DM model was more rapid 
than that from the normal mice. The tumor volume and weight 
were also higher than in the normal mice, indicating that the 
high level of IGF‑1 caused by T2DM was a significant factor 
for CRC occurrence and development.

VEGF, also termed vascular permeable factor, is a highly 
specific vascular endothelial cell mitogen. Its main biological 
functions include the ability to i) selectively enhance vascular 
endothelial cell mitosis to stimulate the endothelial cells 
proliferation and promote angiogenesis; and ii) strengthen 
the permeability of blood vessels, particularly small blood 
vessels, to conduct the extravasation and deposition of plasma 
proteins and other macromolecules into the extravascular 
matrix, providing nutrition for the establishment of a new 
capillary network of blood vessels. The biological activity of 
VEGF is mainly mediated by the tyrosine kinase receptor, with 
high affinity, and combines with its specific VEGF receptor 
(VEGFR) to cause a series of signal transductions, release a 
variety of cytokines and growth factors, stimulate vascular 
endothelial cell proliferation and migration and promote 
angiogenesis. This is important in the growth and metastasis 
of tumors (15). Studies (16,17) have shown that VEGF expres-
sion is positively correlated with the infiltration depth, lymph 
node metastasis, distant metastasis and Dukes' staging of CRC, 
thereby affecting the growth and metastasis of tumors. The 
present study has shown that the growth of colorectal trans-
planted tumors from the mouse T2DM model was more evident 
than that from normal mice; the tumors volumes were larger 
and the VEGF expression of the tumor tissues was stronger, as 
observed by immunohistochemistry (P<0.05). Diabetes causes 
an increase in blood sugars and free fatty acids, providing 
energy for tumor growth. Long-term hyperglycemia would also 
cause the basement membrane of the capillary blood vessels to 
thicken and the permeability of the capillary blood vessels to 
decline. This would cause the enzyme system participating in 
the aerobic metabolism of cells to be damaged and also cause 
disorder in the aerobic metabolism process, with enhanced 
anaerobic glycolysis. It has been shown that the ability for 
glycolysis in normal cells is weaker than in tumor cells, there-
fore, the hyperglycemia state is more conducive to the growth 
of the tumor cells (18). This may be a reason for the more rapid 
growth of tumors based on diabetes. The present study has also 
indicated that the serum IGF-1 levels in the DM-CRC group 
were higher than those in the CRC group, while at the same 
time, the VEGF-positive expression rate in the tumor tissues 
was also stronger than that in the CRC group, indicating that 
they had a certain synergy to CRC growth. IGF-1 is able to 
stimulate endothelial cell migration and morphological differ-
entiation to induce angiogenesis and may also be combined 
with the subendothelial extracellular matrix across vascular 
endothelial cells using the paracellular pathway. This may 
therefore play a role in endothelial cell subsistence and stabili-
zation (19) and enhance the VEGF expression in the CRC cells, 
potentially resulting in the promotion of tumor angiogenesis 
and tumor growth and transfer, indicating that diabetes may 
promote tumor growth and that there is a link between them.
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However, the present study was only aimed to actively 
utilize tumor cells based on the mouse T2DM model in order 
to observe tumor growth. The study confirmed that diabetes 
was able to promote tumor growth, but did not prove that 
diabetes was able to induce tumor generation. VEGF was one 
of the cell signaling molecules used to promote the growth 
of the tumors. Additionally, the mechanism of T2DM in the 
induction of intestinal tumor generation was investigated to 
discuss the numerous types of cell signaling pathways that 
cause tumor growth.
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