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ABSTRACT

Objective: To further explore the function of combine use of tetramethylpyrazine (TMP)
and cisplatin (DDP) in lung carcinoma.
Methods: We used the combination drug to treat Lewis lung cancer mice, investigated
the expression level of vascular endothelial growth factor (VEGF), Kruppel-like factor 4
(KLF4) and A disintegrin and metalloproteinase with thrombospondin motifs 1
(ADAMTS1) and to further explore the inhibitory effects and potential mechanism of
TMP combined with DDP on tumor angiogenesis.
Results: The tumor growth was suppressed in TMP group, DDP group and TMP
combined with DDP group. Furthermore, the weights and volume of tumor, the
expression level of VEGF, KLF4 and ADAMTS1 were found significantly changed
between experiment group and control group. These findings suggest that TMP with DDP
had additional or synergistic effects to inhibit the tumor growth effectively, might be
achieved through reducing the expression of angiogenesis promoting factor VEGF and
increasing expression of angiogenesis inhibitors KLF4 and ADAMTS1.
Conclusion: KLF4 and ADAMTS1 may be synergically involved in the angiogenesis in
mouse Lewis lung cancer through the different signal ways.
1. Introduction

Pulmonary carcinoma is one of the most common causes of
cancer-related deaths around the world, with a low survival rate
in 5 years [1,2]. It is difficult to remove the tumor by surgery,
because most of the patients are diagnosed in an advanced
stage. The main treatment of lung cancer is cisplatin (DDP)-
based chemotherapy, it has produced a significant survival
benefit; however, chemotherapeutic drugs result in significant
side effects, owing to their lack of specificity. To overcome
this problem, more and more researches focus on combination
drug therapy [3]. The development and application of Chinese
medicine that can reduce the side effects of chemotherapeutic
drugs have garnered increased attention [4,5].

Tetramethylpyrazine (TMP), one of the major bioactive
components of traditional Chinese medicine Chuanxiong, has
been applied in the treatment of cerebral vascular and cardio-
vascular diseases. Some previous studies have indicated that
TMP has been reported to have strong antitumor activities, such
as the inhibition of proliferation and the promotion of the
apoptosis of tumor cells in various types of cancer [6,7]. Previous
study found that TMP might be a potential chemopreventive and
therapeutic agent for osteosarcoma [8]. Moreover, some studies
reported that combination treatment with TMP enhances
sensitivity to DDP and promotes apoptosis in lung cancer [9].
However, little has been reported on the effects of TMP on
vascular endothelial cells from the point of view of tumor
angiogenesis. By observing the expression of vascular
endothelial growth factor (VEGF), Kruppel-like factor 4
(KLF4) and A disintegrin and metalloproteinase with thrombo-
spondin motifs 1 (ADAMTS1) in Lewis lung cancer rats before
and after the treatment of TMP combined with DDP, and
through dynamic observation of weight and tumor growth in
different groups of Lewis lung cancer C57BL/6 mice model, the
aim of the present study was to investigate the effect of KLF4
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and ADAMTS1 in lung cancer, further to explain sensitization
mechanism of TMP to DDP tumor angiogenesis.

2. Materials and methods

2.1. Materials

A total of 40 male C57BL/6 mice were selected, clean level,
6–8 weeks, 18–22 g (from Academy of Military Medical Sci-
ences). Lewis lung cancer cells from Chinese Academy of Sci-
ences. TMP was obtained from the National Institute for the
Control of Pharmaceutical and Biological Products, and DDP
from Sigma medical Co. (St, Louis; MO, USA). DMEM me-
dium from Gibco Co.; FBS from Zhejiang Sijiqing; rabbit anti-
rat VEGF antibody from Wuhan Boshide Co.; rabbit anti-rat
CD105, KLF4 and ADAMTS1 antibody from Beijing
Boaosen Co. Anti-b-actin was obtained from Jiamei Biotech
Technology (Hunan, china). DAB from Wuhan Boster Co.;
super clean bench SWCJ-2FD from Suzhou Antai Co.; inverted
phase contrast microscope from Japan Olympus Co.; desk
centrifuge from Sigma Co.; carbon dioxide incubator HEPA100
from United States; Image-pro plus 6.0 image processing soft-
ware; Leica-DM2500B microscope from Germany.

2.2. Animal experiments

Mice were adapted to live in the room for 1 week. The
models were established by subcutaneously injecting Lewis lung
cancer cells of logarithmic growth phase (cell confluence 80%)
and cell density was adjusted to 1 × 107/L with saline solution
from the right axilla of C57BL/6 mice, per 0.2 mL. After the
tumor size up to about 8 mm, 40 tumor-bearing mice were
randomly divided into the four groups: the model group (A),
DDP group (B), TMP group (C) and TMP combined with DDP
group (D), with 10 in each group. Mice in the A group were
given with TMP 100 mg/kg, 0.2 mL by intraperitoneal injection,
once daily. Mice in the B group were given with DDP 2 mg/kg,
0.2 mL by intraperitoneal injection, once daily. Those in the C
group were given with TMP 100 mg/kg by intraperitoneal in-
jection, once daily. Those in the D group were given with the
same dose as above by intraperitoneal injection, per 0.2 mL,
once daily. Before dosing every time, the dosage was adjusted
according to weight. All medication was started from the 7th day
of inoculation, lasting 14 successive days. All the mice were
sacrificed at the 19th day of the experiment. The tumor blocks
were taken out, weighed, and then divided into two parts, one
section fixed in 4% paraformaldehyde and another section
frozen using liquid nitrogen. All experimental protocols and
animal care were performed according to authorization granted
by the Chinese Ministry of Agriculture.

2.3. The toxic side reaction of chemotherapy and the life
quality of the Lewis lung cancer mice

After the treatment according to the plan, we observed the
indicators of mouse's fur color, activity, appetite, response to
stimuli and weight changes to evaluate chemotherapy side ef-
fects and life quality. The results showed that the C group had no
obvious toxicity reaction and life quality was the best, followed
by the combined treatment group, again as the control group,
while the B group had the heaviest toxic side reaction and the
worst life quality. The D group was significantly lower than the
toxicity of cisplatin, and life quality was better than the B group,
suggesting that combination therapy can reduce the toxic side
reaction of cisplatin.

2.4. Calculating weight and volume of tumor

Weight was measured daily after treatment, and the
maximum diameter a (mm) and the minimum diameter b (mm)
of the tumor blocks were calculated with Vernier caliper. The
tumor volume was calculated based on V = ab2/2. Time was
taken as the horizontal axis and volume as the vertical axis,
which depicted tumor growth curves.

2.5. Calculating tumor necrosis rate

ACUSON1228ST type color ultrasound imaging device was
used. The probe frequency was 9 MHz. Tumor size, shape and
internal echo were observed, and the situation of the liquefaction
necrosis was assessed in the tumor tissue. The rate of tumor
necrosis (tumor necrosis rate of a tumor necrosis area/total tumor
area × 100) was calculated.

2.6. Immunohistochemistry

After all tumor tissue was removed, fixed, dehydrated,
paraffin was embedded and each paraffin-embedded tissue
specimen was cut into four 3-mm-thick serial sections. Negative
control specimens were prepared as well. For immunohisto-
chemistry (IHC), rabbit anti-rat VEGF antibody polyclonal
antibody, rabbit anti-rat CD105, rabbit anti-rat KLF4, and rabbit
anti-rat ADAMTS1 polyclonal antibody were used as primary
antibodies, and normal goat serum as a negative control. After
deparaffinization, hydration and incubation with 3% hydrogen
peroxide for 30 min, the slices were immersed into citric acid
solution (0.01 mol/L) for antigen retrieval for 20 min at 92–
94 �C. Then, the sections were incubated with following primary
antibodies (rabbit anti-rat VEGF antibody, rabbit anti-rat CD105
antibody, 1:150 dilution; rabbit anti-ratKLF4, rabbit anti-rat
ADAMTS1 antibody 1:100 dilution) overnight at 4 �C. The
samples were then incubated with biotinylated rabbit-anti-rat
IgG for 20 min at room temperature. After incubation with
horseradish peroxidase for 30 min, they were exposed to DAB
solution according to the manufacturer's protocol and counter-
stained with hematoxylin.

2.7. Image processing and analyses

With the microscope Leica camera, Image-pro plus 6.0
software was used for image processing and analysis. The
amount of the target area of the target protein stain color shades
and the size distribution were determined. The number of pos-
itive cells in the target area selected, the greater the positive area;
the darker the stain, the more strong positive signal; its inte-
grated optical density (integrated option density, IOD) value
must be higher. Finally, the IOD statistics was used.

2.8. Western blot analysis

Whole-tissue lysates were prepared using radio-
immunoprecipitation analyses buffer supplemented with protease



Figure 1. Tumor volume change after treatment.

Figure 2. Immunohistochemical staining of VEGF, KLF4, ADAMTS1
and MVD in NSCLC tissues (from the same source, Sp, ×400).
The expression of VEGF in NSCLC tissues (A1) was decreased as
compared with the other three groups (B1, C1 and D1). KLF4 and
ADAMTS1 in NSCLC tissues (D2 and D3) was highly expressed as
compared with that in A, B and C group tissues. A4–D4 indicated the MVD
expression in NSCLC tissues.
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and/or phosphatase inhibitors. Tissue proteins were extracted
using tissue extraction kit (Applygen Technologies, inc.; Beijing,
China) according to the manufacturer's instructions. Protein con-
centration was determined by BCA Protein kit assay (Hyclone-
Pierce, South Logan, U.S.A.). Proteins (100 g/well) were sepa-
rated by SDS–polyacrylamide gel, transferred to a PVDF mem-
brane (Millipore, Burlington, MA, USA), blocked with 5% skim
milk in Tris-buffered saline containing 0.1% Tween 20, trans-
ferred to a nitrocellulose, and incubated with monoclonal rabbit
anti-rats antibodies against VEGF, ADAMTS1, KLF and b-actin.
And subsequently horseradish peroxidase-conjugated secondary
antibodies were used. Equivalent loading was confirmed using an
antibody against b-actin. Protein bands were visualized by ECL
system (Amersham Pharmacia Biotech, Piscataway, NJ, U.S.A.)
and quantified by densitometry using an electrophoresis image
analysis system (FR980, Shanghai Furi Science & Technology,
Shanghai, China).

2.9. Statistical analysis

Statistical analysis was performed using SPSS17.0 program
(SPSS, USA). The results were analyzed by chi-square test,
correction for chi-square test, Fisher probabilities and two-group
t-test. The measurement data are expressed as mean ± standard
deviation (SD). Correlation analysis was analyzed by Pearson
correlation, when P value less than 0.05 was considered to be
statistically significant.

3. Results

3.1. Tumor weight and tumor inhibition rate of mice
from each group

All the mice were sacrificed at the 19th day of the experi-
ment, and tumor blocks were taken out and weighted. The
growth of transplanted tumors in the groups B, C, and D were
significantly inhibited. The weight of tumor body in the three
groups was markedly lower than that of group A. The tumor
inhibitory rates were 34.52%, 39.40% and 58.39% in groups B,
C and D, respectively. The tumor inhibitory rate of D group was
significantly higher than B and C group (P < 0.01). The
inhibitory effect of TMP combined with DDP on tumor growth
was enhanced compared with TMP or DDP alone treatment
(Table 1).

3.2. Tumor volume change after treatment

When the Lewis lung cancer cells were inoculated, tumor
blocks at inoculation could be touched on the 7th–9th days. And
the blocks in each group were increased gradually. After treat-
ment, tumor growth was the lowest in the group D than the other
three groups (Figure 1).
Table 1

Tumor weight and tumor inhibition rate of mice in each group (n = 10).

Group n Tumor weight Inhibitory rate (%)

A 10 5.26 ± 0.05 0.00
B 10 3.39 ± 0.56ab 34.52
C 10 3.31 ± 0.28ab 39.40
D 10 1.97 ± 0.07 58.39

aP < 0.01 vs A group; bP < 0.01 vs D group.
3.3. Tumor necrosis rate in each group

Before all mice were sacrificed, the tumor necrosis was
observed with color Doppler ultrasound, and the necrosis rate
was calculated. The results showed that the D group and B group
Figure 3. The expression levels of VEGF, KLF4, ADAMTS1, and MVD
in Lewis lung cancer tissues.
DP < 0.05 vs A group; *P < 0.05 vs D group.



Table 2

Correlation of VEGF, KLF4, ADAMTS1, and MVD expression in NSCLC tissues.

Values VEGF/MVD VEGF/KLF4 VEGF/ADAMTS1 MVD/KLF4 MVD/ADAMTS1 KLF4/ADAMTS1

r 0.519 −0.685 −0.573 −0.568 −0.548 0.253
P 0.018* 0.023* 0.009* 0.004* 0.006* 0.120

*P < 0.05.
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were seen clearly multifocal tumors larger area of necrosis, and
the C group and A group only a small area of the tumor necrosis.
The tumor necrosis rates in the groups A, B, C, and D were
10.37 ± 1.36, 16.58 ± 3.20, 23.64 ± 11.96, and 30.76 ± 15.20,
respectively. The tumor necrosis rate in the D group was
significantly higher than that in the C group (P < 0.05), but
compared with the B group, the difference was not significant
(P > 0.05).

3.4. Expression of VEGF, KLF4 and ADAMTS1, and
microvessel density (MVD) in Lewis lung carcinoma
tissues

The cell membrane and cytoplasm were stained brown in
cells positive for VEGF and ADAMTS1, and expression of
KLF4 was mainly in the cell nucleus, few in the cell cytoplasm,
stained brown in cells positive. The expression levels of VEGF
in Lewis lung carcinoma tissues of A group were remarkably
higher than the other three groups (P < 0.05). The results
showed that TMP and DDP could decrease VEGF expression,
and their combination might further enhance the effect of inhi-
bition. The expression levels of KLF4 and ADAMTS1 in the D
group were remarkably higher than the other three groups
(P < 0.05), and the results demonstrated that TMP and DDP
could increase KLF4 and ADAMTS1 expression, and their
combination might further enhance their expressions (Figures 2
and 3).

3.5. Correlation of VEGF, KLF4 and ADAMTS1, and
MVD expression in Lewis lung cancer tissues

Statistical analysis showed that in nonsmall-cell lung cancer
(NSCLC) tissues, VEGF expression was related to KLF4
expression (r = −0.685) and ADAMTS1 expression
(r = −0.573), respectively. No significant relationship was noted
between KLF4 expression and ADAMTS1 expression
(r = 0.253, P > 0.05).

Additionally, as statistical analysis demonstrated, the
expression levels of VEGF, KLF4 and ADAMTS1 were
Table 3

The expression levels of VEGF, KLF4, ADAMTS1, and MVD in Lewis

lung cancer tissues of each group (n = 10).

Group VEGF/b-actin KLF4/b-actin ADAMTS1/b-actin

Group A 0.93 ± 0.04 0.38 ± 0.16 0.24 ± 0.03
Group B 0.86 ± 0.12ab 0.48 ± 0.04ab 0.42 ± 0.16ab

Group C 0.55 ± 0.34ab 0.69 ± 0.04ab 0.53 ± 0.05ab

Group D 0.42 ± 0.09a 0.84 ± 0.06a 0.80 ± 0.12a

Data were obtained from three independent experiments and are
expressed as the mean ± SD. aP < 0.05 versus the group A, and
bP < 0.05 versus the group D.
significantly correlated with the MVD in Lewis lung cancer
tissues (P < 0.05, Table 2).

3.6. Expression of VEGF, KLF4, ADAMTS1, and MVD-
CD105 in Lewis lung cancer tissues

To investigate the mechanism of TMP combined with DDP
on tumor angiogenesis, the protein expression of VEGF, KLF4
and ADAMTS1 was determined by Western blot analysis. The
results demonstrated that VEGF, KLF4 and ADAMTS1 were
expressed in each group. TMP combined with DDP upregu-
lated the protein expression of KLF4 and ADAMTS1, while
downregulated the protein expression of VEGF (Table 3),
which is consistent with the previous results of
immunohistochemistry.

4. Discussion

Angiogenesis, the formation of new blood vessels from
preexisting vascular network, plays the key role in the occur-
rence, progression and metastasis of tumors by supplying suf-
ficient oxygen and nutrients required for tumor growth and
metastasis. Specifically, angiogenesis is an important mediator
of NSCLC progression, so anti-angiogenic therapy has been
proven to be beneficial to patients with NSCLC, and become a
research hot spot. TMP is one of the most important active in-
gredients of the Chinese medicine Ligusticum Chuanxiong,
which is used for the treatment of many kinds of cancer. So we
chose Chinese medicine angiogenesis inhibitory-TMP in com-
bination with DDP to effect on Lewis lung cancer bearing-tumor
mice.

In this study, the experiment showed that the tumor volume
of TMP/DDP (group D) was obviously smaller than DDP (group
C), but the weight slowly declined in ED/DDP (group D). And
we evaluated chemotherapy side effects and life quality of the
bearing-tumor mice after the treatment. The results showed that
the toxic side reaction and life quality of TMP/DDP (group D)
was significantly better than those of DDP (group C), which
suggests that TMP could enhance treatment effect, decrease side
effects and improve life quality of mouse. In addition, we also
found that inhibition rate of mice in TMP/DDP group was
significantly higher than that of TMP group and DDP group,
suggesting that angiogenesis inhibitor drugs in combination with
chemotherapy treatment is better than angiogenesis inhibitor and
DDP treatment alone. Using the color Doppler ultrasound
observed, the experiment revealed that TMP/DDP group had
multifocal large necrotic areas, and DDP group only had a small
area of tumor necrosis. Tumor necrosis rate in combined treat-
ment group was significantly higher than the cisplatin group. It
might precisely because angiogenesis inhibition and further to
inhibit tumor growth and increased tumor-induced ischemia and
hypoxia. Based on the above results, it suggested that
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combination therapy compared with DDP therapy alone have a
stronger antitumor effect.

It is well known that VEGF, an important factor in angio-
genesis, plays a crucial role in regulating angiogenesis and has
become an essential step in anti-angiogenic therapy for the
growth and metastasis of cancer [10,11]. MVD, as an indicator of
evaluating angiogenesis, is closely related to the tumor
recurrence, metastasis and prognosis. In our study, the tumor
growth was significantly suppressed, and the expression levels
of VEGF and MVD were significantly lower in TMP/DDP
group than in DPP group and TMP group, maybe because
combined application of TMP and DDP has stronger
inhibition on tumor growth than single use. But the exact
mechanism is not clear, and studies have shown that it may be
caused by the “normalization” of tumor vessels after anti-
angiogenesis therapy. The experiment also found that the
VEGF and MVD expression was significant weaker in group B,
group C and group D than group A, and their expression showed
positive correlation (r = 0.519, P < 0.05). It revealed that TMP
could inhibit the growth and microvascular generation in Lewis
lung cancer in vivo. Wang et al. showed that the expression level
of VEGF and MVD count levels were positively correlated. The
experiment also proves this point [12].

In the present study we investigated the protein expression of
ADAMTS1 and KLF4 in different group tissues, as well as their
correlation with angiogenesis. To date, this current study is the
first report to examine ADAMTS1and KLF4 expression levels
in Lewis lung cancer mice. ADAMTS1 is a recently discovered
metalloproteinase with antiangiogenic activity. It has been re-
ported that ADAMTS1 is a potent inhibitor of angiogenesis and
can inhibit VEGF-induced angiogenesis [13]. Then upregulation
of ADAMTS1 may lead to lower levels of bioavailable VEGF
by this mechanism, thereby decreasing angiogenesis.
ADAMTS-1 through direct binding angiogenic growth factor
(VEGF165) to form a complex, then affect the binding of VEGF
to the receptor and inhibit VEGF165 to stimulate vascular
endothelial growth factor receptor 2 (VEGFR-2) phosphoryla-
tion and activation signals, inhibition of endothelial cell prolif-
eration to inhibit angiogenesis. The transcription factor KLF4 is
a critical transcription factor that is associated with both tumor
suppression and oncogenesis [14], and it has been shown to
function as a tumor suppressor gene based on its inhibition of
cell proliferation [15]. The experiment found that the
ADAMTS1 and KLF4 expression were the strongest in group
D. Their expression had negative correlation with the VEGF
and MVD expression. In addition, we also found that the
expression level of KLF4 was higher than that of ADAMTS1,
but their expression was no significant correlation, so we
speculate that KLF4 and ADAMTS1 may be synergically
involved in the angiogenesis in mouse Lewis lung cancer
through the different signal ways. The target of DDP was
tumor cells, and it could directly kill tumor cells, reduce tumor
cells to secrete VEGF. The target of TMP was vascular
endothelial cell [16], and it could interrupt the activity of NF-
kB p65, BCL-2, cyclinD1 [17] and activity of endothelial cell
selection element, indirectly inhibit VEGF secretion. Then
enhanced ADAMTS1 and KLF4 bind VEGF or VEGFR2 on
the surface of endothelial cells. As a result, inhibition of new
vessels growth leads to reduction of pathological blood vessels
and tumor regression. They could inhibit tumor growth at the
same time. This could also explain sensitization mechanism of
TMP to DDP.
In conclusion, TMP combined with DDP can improve the
anti-tumor effect, reduce the toxicity of chemotherapy, and
enhance the sensitization of TMP to DDP, but the sensitization
mechanism was not clear. The anti-tumor mechanism of TMP
combined with DDP might be through downregulating the
expression of VEGF, while the expression of ADAMTS1 and
KLF4 is regulated to reduce the angiogenesis. The results
showed that TMP reaches sensitization by influencing the
angiogenesis correlation factor, but the specific mechanism and
the key targets still need to be further discussed. It provides
experimental basis for widely clinical application.
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