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Abstract: To observe the effects of Apigenin on the expressions of TGF-β1R II, NF-κB and VEGF genes in tumor tissues of
mice with H29 colon cancer. Fifty ICR mice with H29 colon cancer were randomly divided into five groups: normal saline group,
low-dose Apigenin group, middle-dose Apigenin group and high-dose Apigenin group and cyclophosphamide group. The mice
were killed on the next day of administration discontinuance, and subcutaneous tumor tissues were collected. Quantitative
fluorescence RT-PCR was used to detect the expression of TGF-β1R II, NF-κB and VEGF genes in tumor tissues of H29 colon
cancer mice. Apigenin raised the expression level of TGF-β1R II in H29 colon cancer tissues, which showed the most obvious
effect in the middle-dose group, with a significant difference compared with the normal saline group (P<0.01). The Apigenin
group of each dose could significantly lower the NF-κB expression level in H29 colon solid tumors, showing significant
differences compared with the normal saline group (P<0.01). The middle-dose and high-dose Apigenin groups could
significantly reduce the level of VEGF expression in tumor tissues of ICR mice with H29 colon cancer, and the high-dose group
had most obvious effect, and there were significant difference among the middle-dose group, high-dose group and the normal
saline group (P<0.01). The mechanism of anti-tumor effect of Apigenin might be the reason that Apigenin can raise the
expression level of TGF-β1R II by down-regulating the expression of NF–κB and VEGF in tumor tissues of tumor-bearing mice,
thereby inhibiting tumor angiogenesis and tumor cell proliferation, so as to achieve the anti-tumor effect.
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1. Background
The antitumor effect of Apigenin has many complicated
mechanisms [1]. Studies have shown that Apigenin can
selectively inhibit the activities of fatty acid synthase of
prostate and breast cancer cells, which is related with the
growth and apoptosis of anti-tumor cells; Apigenin can
significantly
reduce
the
incidence
of
dimethyl
hydrazine-induced colon cancer as well as the size of the
tumor, its regulation of lipid peroxidation, antioxidant,
antiproliferative effects [2-4]; Apigenin can inhibit the
migration and invasion of VEGF of ovarian cancer cells in an
in vitro dose-dependent way, which is related with the reason
that it can inhibit the secretion of matrix metalloproteinase -9
(MMP-9) and down-regulate the expression of extracellular

signal-regulated kinase 2 (ERK2) [5, 6]. Preliminary studies
[7, 8] have shown that Apigenin has a significant inhibitory
effect on mice with H29 colon cancer and S180 sarcoma tumor,
the exact mechanism, however, has not been yet clear. This
study evaluated the effect of Apigenin on the expression of
TGF-β1R II, NF-κB and VEGF genes in H29 colon tumor
tissues using quantitative fluorescence PCR, to further explore
its molecular mechanism so as to provide experimental
evidence for the clinical applications of this medicine.

2. Materials and Methods
2.1. Animals and Cell Line
H29 colon cancer cell strains; SPF ICR mice aged 4 to 6
weeks old and weighing 16 to 20 g were purchased from the
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Shanghai Laboratory Animal Research Center, Chinese
Academy of Sciences and raised in the Experimental Animal
Center of our hospital.
2.2. Drugs
Apigenin was home-made according to the prescription and
preparation process of the Traditional Chinese Medicine
Preparation Room of our hospital. Its concentration was
calculated by the weight of crude drug put, and the
concentration of finished drug was 1.5 g/mL, and use
concentration was prepared according to the dosage and
volume of administration. Cyclophosphamide (CTX) for
injection (batch No.: 9F586E) was bought from Baxter
Oncology Gmbh (Germany).
2.3. Reagents
TRIzol reagent was purchased from Reagent (USA);
quantitative fluorescence RT-PCR detection kits for mice
TGF-β1R II, NF-κB and VEGF were purchased from
Guangzhou Dahui Biotech Co., Ltd.
2.4. Model Establishment, Grouping and Administration
Methods
Fifty ICR male mice with the body weight of (18 ± 2) g
were included in this study. Ascites of mice inoculated with
H29 tumor cell strains for 6 to 8 days was taken under sterile
conditions (milky thick ascites tumor fluid, discarded if the
color was yellow or red), diluted with normal saline to adjust
the cell concentration to 1×107/mL, and then inoculated
subcutaneously in the axilla of the left forelimb of mouse, 0.2
mL for each. The mice were randomly divided into five groups:
positive control group, negative control group, low-dose
Apigenin group, middle-dose Apigenin group and high-dose
Apigenin group (n=10). Twenty-four hours after inoculation,
the negative control group was given intragastric
administration with 0.2 mL/10 g normal saline, once a day; the
positive control group was given intraperitoneal injection with
20 mg/kg CTX, once a day. The low-dose, middle-dose and
high-dose Apigenin groups were orally administered with
Apigenin
stock
solution
(25
g/kg),
Apigenin
twice-concentrated
solution
(50
g/kg),
Apigenin
fourfold-concentrated solution (100 g/kg) respectively, 0.2
mL/10 g, once a day. All administration was discontinued 10
days later. The mice were killed on the next day of the
discontinuance, and subcutaneous tumor was peeled, quickly
stored in liquid nitrogen, and transferred to -70°C
low-temperature refrigerator for standby use.
2.5. Quantitative Fluorescence RT-PCR Detection
(1) Extraction of total tumor mRNA: 1) Take 50-100 mg
tumor tissue stored in -70°C low-temperature refrigerator,
place it in 2.0 mL centrifuge tube, add 1 mL Trizol for full
homogenate and stand statically at room temperature for 5 min.
2) Add 0.2 mL chloroform, oscillate for 20 s, and stand for 2
min. (3) Centrifuge at 4°C and 12,000 r/min for 15 min, and
then take the supernatant. 4) Add 1.0 mL isopropanol, fully

mix the liquid in tube gently, and stand statically at room
temperature for 10 min. 5) Centrifuge at 4°C and 12,000 r/min
for 10 min, then discard the supernatant. 6) Add 1 mL 75%
ethanol to gently wash precipitation. Centrifuge at 4°C and
7,500 r/min for 10 min, then discard the supernatant. 7) Dry by
airing, then add an appropriate amount of DEPCH2O for
dissolution (promoting dissolution at 65°C for 10 to 15 min). 8)
Measure RNA content and purity by UV spectrophotometer
(OD260). 9) Placed the product in -70°C refrigerator for
standby use.
(2) Reverse transcription reaction: The reaction was
performed according to the kit instructions. Reaction
conditions: 37°C for 60 min, 95°C for 3 min.
(3) Real-time PCR amplification: The reaction was
performed according to the kit instructions. Reaction
conditions: 93°C → denaturation for 3 min, then 93°C for 45 s
→ 55°C for 60 s for 40 cycles in total.
(4) PCR primer sequences of TGF-β1R II:
Forward Primer: 5'-GGCCGTCACCCAACGTTCA -3'
Reverse Primer: 5’-AGCGCGCTCTAATAGTTCCCC-3’
Probe
Primer:
5’-CTCGCGGTCGGATAACGGATCCAC-3’
NF-κB:
Forward Primer: 5’-ACCTCTAAAGGTGGAAGC-3’
Reverse Primer: 5’-TCACGGCGAGTACCCGAC-3’
Probe Primer: 5’-CAATGCCGGTGGCCGTCAGTAC-3’
VEGF:
Forward Primer: 5’-CGTACCACCTCGCGCCAA-3’
Reverse Primer: 5’-GAGAACTTGGCGGCAGACA-3’
Probe
Primer:
5’-CCTGCCGACGGAGCGGGAAGATCAC-3’
(5) Analysis of results Positive standard points were
selected for analysis, and if the correlation coefficient R2 was
larger than 0.96, it could be considered to have a good linear
relation to determine the quantitative standard curve; absolute
quantitative values of the fluorescence quantitative reaction of
samples (cDNA concentration copy number/µL) were
obtained according to the standard curve.
2.6. Statistical Analysis
All data were analyzed by SPSS 17.0. The measurement
data were expressed as X±S, and the differences between two
groups were subjected to t test.

3. Results
3.1. Effects of Apigenin on TGF-β1R II mRNA Expression
The standard curve of quantitative fluorescence RT-PCR
was as follows: Y = -3.8371LgX + 44. 2261, R2 = 0. 998. The
standard curve was in line with the instructions provided for
the correlation coefficient R2>0.96, showing a good linear
relationship (Figure 1).
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998. The standard curve was in line with the instructions
provided for the correlation coefficient R2>0.96, showing a
good linear relationship (Figure 2).
The order for the NF-κB expression level of each group
was as follows: normal saline group> low-dose group>
middle-dose group> CTX chemotherapy group> high-dose
group. There were significant differences among the
low-dose group, middle-dose group, high-dose group, CTX
group and the normal saline control group (P<0.05). The
difference between the high-dose group and the CTX
chemotherapy group was statistically significant (P<0.05)
(Table 2).
Table 2. Quantitative fluorescence RT-PCR detection results of NF-κB in the
tumor tissues (n=10, X±S).

Figure 1. Standard curves of TGF-β1R II expression.

According to the standard curve of TGF-β1R II expression
in tumor tissues of mice with H29 colon cancer, the expression
of TGF-β1R II was the highest in the middle-dose group,
followed by the high-dose group, and was the lowest in the
CTX group; the TGF-β1R II expression in the low-dose group
was similar to that in the normal saline control group, which
was the lowest; There were significant differences among the
middle-dose group, high-dose group, CTX chemotherapy
group and the normal saline control group (P<0.01).
Quantitative fluorescence RT-PCR detection results of
TGF-β1R II in the tumor tissues are listed in Table 1.
Table 1. Quantitative fluorescence RT-PCR detection results of TGF-β1R II in
the tumor tissues (n=10, X±S).
Group

Dose

cDNA concentration copy
number (µL)

Normal saline group 20 mL

20ml/kg

2302.1±1137.6

Low-dose group 20 g

25 ml/kg

2815.2±1107.4

Group

Dose

Normal saline group 20 mL
Low-dose group 20 g
Middle-dose group 40 g
High-dose group 80 g
CTX

20ml/kg
25ml/kg
40ml/kg
100ml/kg
30mg/kg

cDNA concentration copy
number (µL)
512698.1±14563.2
17234.8.±10896.7▲
51369.1±14563.8▲
4469.2±2173.8▲
19653.5±2123.9▲

Compared with the normal saline group, *P<0.05, ▲P<0.01.

3.3. Effects of Apigenin on VEGF mRNA Expression
The standard curve of quantitative fluorescence RT-PCR
was as follows: Y = -3.3491LgX + 41.8125, R2 = 0.988. R2 = 0.
998. The standard curve was in line with the instructions
provided for the correlation coefficient R2>0.96, showing a
good linear relationship (Figure 3).
Standard Curve
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Figure 3. Standard curves of VEGF expression.

Ct

27.671
25.671
23.671
21.671
4

4.5

5

5.5

6

Log Co

Figure 2. Standard curves of NF-κB expression.

The standard curve of quantitative fluorescence RT-PCR
was as follows: Y = -3.6825LgX + 44.4907, R2 = 0.997. R2 = 0.

The expression of VEGF was the highest in the negative
control group, followed by the low-dose and middle-dose
Apigenin groups, and the lowest in the high-dose Apigenin
group and CTX positive control group, the results of which
were similar; there were statistically significant differences
among the high-dose Apigenin group, CTX chemotherapy
group and the normal saline group (P<0.01), and no
significant difference was found between the high-dose
Apigenin group and the CTX chemotherapy group (P>0.05)
(Table 3).
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Table 3. Quantitative fluorescence RT-PCR detection results of VEGF in the
tumor tissues (n=10, X±S).
Group

Dose

Negative control group
Low-dose group
Middle-dose group
High-dose group
Positive control group

20 ml/kg
25 ml/kg
40 ml/kg
100 ml/kg
30mg/kg

cDNA concentration copy
number (µL)
19346.1±7635.2
13779.8±2337.7
8013.1±3001.8▲
5189.2±1326.8▲
3896.5±1789.9▲

Compared with the normal saline group, *P<0.05, ▲P<0.01.

4. Discussion
With the development of genomics and proteomics
technology, great progress has been made in the early
detection, postoperative recurrence and metastasis monitoring
of colon cancer. The occurrence and development of colon
cancer is closely related with the over-expression of a variety
of growth factors (IGF-II, NF-κB, VEGF, TGF-β1 and HGF).
Early experiments have showed that Apigenin has a
significant inhibitory effect on mice with H29 colon cancer
and S180 sarcoma tumor; low-, medium- and high-dose
groups can all prolong the survival days of mice with H29
colon cancer and ascites tumor, and down-regulate the
expression of CyclinD1 mRNA in tumor tissues of
tumor-bearing mice. By detection, this study further explored
the effect of Apigenin on the expression of TGF-β1R II,
NF-κB and VEGF genes of mice with H29 colon tumor.
TGF-β, as a multifunctional cytokine, plays an important
role in cell cycle regulation, wound healing, angiogenesis, cell
growth and differentiation and cell apoptosis, etc. [9, 10]. The
tumor suppressor role of TGF-β1 is achieved through
inhibiting cell growth and promoting differentiation.
Activated TGF-β1 functions through the mediation of its
corresponding receptors [11, 12]. It has been reported in the
literature that decreased expression of transforming growth
factor (TGF)β1 type II receptor (TGF-β1 R II) is due to the
reason that the body cells escape the negative regulation on
TGF-β1 growth, leading to uncontrolled proliferation and
such an important change as canceration. Studies [11, 13-15]
have found that compared with chronic colitis or colon
fibrosis patients, the TGF-β1R II expression of colon cancer
patients is significantly reduced, and meanwhile the
expression of TGF-β1R II in colon cancer tissues is
significantly lower than that in normal tissues, while the
TGF-β1R II expression is higher in colon cancer tissues with
high differentiation, small tumor, poor metastasis and long
interval of recurrence (P<0.05). It indicates that the expression
of TGF-β1 R II in colon cancer tissues is decreased, leading to
negative regulatory disorder of colon cancer cells, which
might be one of the important factors of colon carcinogenesis;
the expression of TGF-β1R II was negatively correlative with
malignant progression of colon cancer, with a potential
significance to the treatment of colon cancer.
Nuclear transcription factor (NF-κB) is involved in many
aspects of the occurrence and development of colon cancer,
such as blocking apoptosis and promoting cell proliferation,

mediating gene expression related to tumor development,
angiogenesis and metastasis, promoting tumor cell invasion
and dissemination as well as the generation of tumor drug
resistance, and it is also a major factor that regulates the
synthesis of TGF-β [16-19]. This study found that the NF-κB
gene showed significantly high expression in colon cancer
tissues, suggesting that it might play the role of oncogenes in
the occurrence and development process of colon cancer.
VEGF (vascular endothelial growth factor), as a major
pro-angiogenic factor in tumor tissues, can directly stimulate
the proliferation of endothelial cells by specific receptors on
them, to produce the plasminogen activator and collagenase,
etc., increase vascular permeability, and promote plasma
fibrinogen extravasation. This can not only promote the
migration of endothelial cells, helping angiogenesis, but also
be conducive to tumor cell shedding, invasion or diffusion to
adjacent matrix of fibrous and connective tissues, so as to
create the conditions for tumor invasion and metastasis
[19-21]. Colon cancer is a malignant tumor with rich blood
supply and high metastasis, and its tumor angiogenesis,
proliferation, invasion and metastasis are closely related to
VEGF [22-26]. Studies have shown that the expression rates
of VEGF in colon cancer, non-encapsulated HCC and colon
cancer with extra-colon metastasis are 63.9%, 78.3% and
90.9% respectively. Under the action of high expression of
VEGF, colon cancer tissues can produce a large number of
tumor vessels, and meanwhile VEGF can also enhance
capillary permeability, thereby increasing blood perfusion in
tumor tissues. The experimental results showed that the
Apigenin group of each dose could raise the TGF-β1R II
gene expression and decrease the expression of NF-κB and
VEGF genes. This prompts that the anti-tumor effect of
Apigenin is multi-channel and multi-target, which can not
only affect the cycle regulatory factors of tumor cells, but
also inhibit tumor angiogenesis and tumor cell proliferation
by regulating factors related to vessels, ultimately achieving
its anti-tumor effect. It needs to be studied further on the
in-depth mechanism of the anti-tumor effect of Apigenin.

5. Conclusion
The study concluded that the mechanism of anti-tumor
effect of Apigenin might be the reason that Apigenin can
raise the expression level of TGF-β1R II by down-regulating
the expression of NF–κB and VEGF in tumor tissues of
tumor-bearing mice, thereby inhibiting tumor angiogenesis
and tumor cell proliferation, so as to achieve the anti-tumor
effect.The results of this experiment provide experimental
basis for the clinical application of this medicine.
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