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• LIVER CANCER •
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Abstract
AIM: To transfect murine angiostatin cDNA into human
hepatocellular carcinoma cell line SMMC-7721 and to
investigate its effects on implanted carcinoma in nude mice.

METHODS: A eukaryotic expression vector of pcDNA3.1-
mAST containing murine angiostatin was constructed. Then
pcDNA3.1-mAST plasmid was transfected into cell line SMMC-
7721 by Lipofectamine. The resistant clone was screened
by G418 filtration and identified by RT-PCR and Western
blotting. Nude mice were divided into three groups of 10
each. Mice in blank control group were only injected with
SMMC-7721 cells. Mice in vector control group were injected
with SMMC-7721 cells transfected with pcDNA3.1 (+) vector,
whereas mice in angiostatin group were injected with SMMC-
7721 cells transfected with pcDNA3.1-mAST plasmid.
Volume, mass and microvessel density (MVD) of the tumors
in different groups were measured and compared.

RESULTS: Murine angiostatin cDNA was successfully
cloned into the eukaryotic expression vector pcDNA3.1 (+).
pcDNA3.1-mAST was successfully transfected into SMMC-
7721 cell line and showed stable expression in this cell line.
No significant difference was observed in the growth speed
of SMMC-7721 cells between groups transfected with and
without angiostatin cDNA. Tumor volume, mass and MVD in
the angiostatin group were significantly lower than those in
the blank control group and vector control group (P<0.01).
The inhibitory rate of tumor reached 78.6%. Mass and MVD
of the tumors only accounted for 34.6% and 48.9% respectively
of those in the blank control group.

CONCLUSION: Angiostatin cDNA could be stably expressed
in human hepatocellular carcinoma cell line SMMC-7721
without obvious inhibitory effects on the growth of SMMC-
7721 cells. When implanted into nude mice, SMMC-7721
cells transfected with angiostatin cDNA show a decreased
tumorigenic capability. It suggests that angiostatin can
inhibit tumor growth through its inhibition on angiogenesis
in tumors.
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INTRODUCTION
The growth and metastasis of a tumor depend on the growth
of blood vessels[1-5], so anti-angiogenesis becoming a new way
in treatment of tumors[6-9]. Recently, angiostatin has been found
to be one of the most effective inhibitory genes of angiogenesis.
It can inhibit specifically the proliferation and migration of
endothelial cells of blood vessels, and has been regarded as a
very useful target gene in anti-angiogenesis-based cancer
treatment[10]. Liver cancer is one kind of cancers rich in blood
vessels, so therapeutic angiogenesis represents a potential
option in the therapy of primary liver cancer. We investigated
the construction of an expression vector containing angiostatin
cDNA and evaluated its effect on implanted tumor in nude mice.

MATERIALS AND METHODS

Transfection of pcDNA3.1-mAST into SMMC-7721
Eukaryotic expression vector of pcDNA3.1 (+) (Invitrogen,
USA) and plasmid pRC-mAST containing full-length of
angiostatin gene (a gift from Dr. Zhang DX in Folkman
Laboratory, Yale University, USA) were digested by restriction
enzymes Xba I and Hind III. The digested vector and
angiostatin cDNA fragment were ligated. Recombinant clones
were identified by Xba I and Hind III double digestion. Positive
clones named pcDNA3.1-mAST were further confirmed by
sequencing.
       Cultured SMMC-7721 cells were divided into three groups:
transfected with recombinant pcDNA3.1-mAST(group A),
transfected with pcDNA3.1 (+) vector (group B), not transfected
with pcDNA3.1 (+) vector(group C). Transfection was
performed according to the instructions of Lipofectamine
TM2000 reagent kit (Gibco). Cells were cultured in RPMI 1640
medium containing 200 mL/L fetal calf serum and 350 mg/L
G418. Resistant clones could be detected two weeks later. Cell
growth curve was also made.

RT-PCR and Western blotting
Total RNA was extracted following reversal transcriptase PCR.
Primers used in PCR were designed according to the reported
angiostatin cDNA sequence[7]. The primer sequences were as
follows: 5’ end: 5’-ATGGACCATAAGGAAGTAA-3’; 3’ end
5’-GGTGGGCAATTCCACAA ACA-3’. The products of PCR
were identified on 10 g/L agarose gel electrophoresis.
      Cultured cells in the three groups were treated by adding 500 L
solution containing 500 g/L lysine-Sepharose and 50 mmol/L
Tris-HCl (pH 8.0) into the culture medium. Western blotting
was then performed according to the reported methods[11]. The
primary antibody was anti-rabbit HA-tagged antibody (a gift
from Dr. Zhang DX in Yale University).
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Animal experiment
Thirty Balb/c nu/nu male mice aged 4-6 wk (body mass 18-20 g)
were bred under SPF conditions. They were randomly divided
into three groups of 10 each. The mice in blank control group
were injected only with SMMC-7721 cells, the mice in vector-
treated control group were injected with SMMC-7721 cells
transfected with pcDNA3.1 (+) vector, the mice in angiostatin
group received an injection of SMMC-7721 cells transfected
with recombinant pcDNA3.1-mAST. After cancer cells were
cultured into the stage of logarithmic growth phase, they were
digested with trypsin to make cancer cell suspension of 5×1010/L.
Then, 0.2 mL of each suspension was subcutaneously injected
into the right back of nude mice.

Tumor volume measurement
The survival of nude mice was observed every day. Tumor
volume and inhibitory rate were measured on days 7, 14, 21,
28 and 35 after injection.
      Tumor volume=π/6×(long radius×short radius2)[12].
      Inhibition rate=(tumor volume of blank control group-
tumor volume of angiostatin group)/tumor volume of blank
control group×100%.

Microvessel density counting
Thirty-five days after cancer cell injection, the nude mice were
killed and their tumors were removed. The surrounding fatty
tissues were dissected and the tumors were weighed. CD34
immunohistochemical staining was carried out according to
the previously reported methods[11] to label endothelial cells of
blood vessels. Five areas with the highest microvessel density
(MVD) in each section were selected under 40×subjective lens.
The number of blood vessels in each area was counted under a
magnification of 200 filds (0.708 mm2/field). The data from 5
areas were averaged and the value was regarded as the tumor
MVD of each nude mouse. The average MVD from 10 mice
in each group was regarded as the MVD of implanted tumor
of that group[13].

Statistical analysis
All data were expressed as mean±SD and analyzed by Student’s
t test. A P value less than 0.05 was considered statistically significant.

RESULTS

Identification of recombinant plasmid pcDNA3.1-mAST
After digestion by Xba I and Hind III, bands at 1.4 kb could be
detected for positive clones (Figure 1), which suggested that
mAST fragment was inserted into the pcDNA3.1 (+) vector,
named recombinant plasmid pcDNA3.1-mAST.

Figure 1  Restriction enzyme digestion of recombinant plas-
mid pcDNA3.1-mAST by Xba I and Hind III. Lane 1: DNA/
EcoR I + Hind III Marker; Lanes 2, 3, 5, 6: positive clones; Lanes
4, 7: negative clones.

    pcDNA3.1-mAST plasmid DNA was prepared and
performed for sequencing. The sequence obtained was the same
as the reported sequence of angiostatin cDNA, indicating that

the murine angiostatin gene was successfully cloned into the
eukaryotic expression vector pcDNA3.1 (+).

Screening of angiostatin gene-transfected cells
No significant differences between the morphological
characteristics of transfected cells and normal SMCC-7721cells
(Figure 2) were observed. No differences were detected in their
growth rates (Figure 3).

Figure 2  Morphology of HCC cells. A: SMMC-7721 cells; B:
SMCC-7721 cells transfected with pcDNA3.1(+); C: SMCC-7721
cells transfected with pcDNA3.1-mAST.

Figure 3  Growth curve of SMCC-7721 cells.

RT-PCR and Western blotting of angiostatin expression in
transfected cells
SMMC-7721 cells transfected with pcDNA3.1-mAST were
prepared and used as the template. By using angiostatin
primers, a band was detected at 1.4 kb with PCR, indicating
the presence of angiostatin cDNA in SMMC-7721 liver cancer
cells (Figure 4).
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Figure 4 RT-PCR of transfected cells. Lane 1: DNA/EcoR I +
Hind III Markers; Lane 2: positive clones.

      Supernatants of cultured cells in three groups were collected
and analyzed by Western blotting. A band in a molecular mass
of 58 000 was detected with rabbit anti-HA-tagged antibody
from the cells transfected with pcDNA3.1-mAST, but no bands
were detected from blank control group or vector control group
(Figure 5).

Figure 5  Western blotting of angiostatin expression. Lane 1:
Marker protein; Lanes 2, 3: SMMC-7721/pcDNA3.1-mAST;
Lane 4: SMMC-7721/pcDNA3.1 (+); Lane 5: SMMC-7721.

Tumor growth in nude mice
Tumors were observed in the nude mice just 5 d after they were
implanted with cells in blank control group or vector control
group. There was no significant difference in tumor volume
between blank control group and vector control group (t=1.53,
P>0.05). Mice had a visible tumor 10 d after cell injection in
pcDNA3.1-mAST transfection group, and the tumor grew
slowly. Tumor volumes among three groups were quite different,
and a significant difference was observed when compared
angiostatin group with blank control group or vector control
group (t=13.07 and t=12.91, respectively, P<0.01, Table 1).

Table 1  Volume of implanted tumors in nude mice of three
groups (mm3)

  Time after implantation (d)
Group

    7     14         21    28            35

Blank control 20±5      91±25      624±139      1 631±363     3 538±643

Vector control 19±6      85±24      653±149      1 542±358     3 128±547

Angiostatin   0          23±6        112±20           237±46          755±198b

bP<0.01 vs blank control and vector control group.

    On the 35th day, the tumor growth inhibition rate in
angiostatin group reached 78.6% vs the control group. In
addition, the speed of tumor growth in angiostatin group was
significantly slower than that in blank control or vector control
group (Figure 6).
     On the other hand, the tumor mass in three groups was
measured on day 35. It was found that the tumor mass in
angiostatin group (2.1±0.5 g) was significantly smaller than

that in blank control (6.0±0.7 g) or vector control (5.9±0.5 g)
group (t=14.98 and 16.14, respectively, P<0.01), whereas there
was no significant difference in tumor mass between the blank
control and vector control groups (t=0.59, P>0.05).

Figure 6  Growth curve of tumors.

MVD
Blood vessels were visualized by CD34 immunohistochemistry
and endothelial cells were stained in brown color (Figure 7).
There were no significant differences of MVD between the
vector control group (49±7, mm2) and the blank control group
(52±6, mm2) (t=0.92, P>0.05). But the tumor MVD in the
angiostatin group (26±4, mm2) was significantly lower than that
in other two control groups (t=9.33, 10.94, respectively, P<0.01),
and was about 48.9% of that in the blank control group.

Figure 7 Immunohistochemical analysis of MVD in tumor
tissue (×200). A: blank control group; B: angiostatin group

DISCUSSION
The growth and metastasis of a tumor depend upon the growth
of blood vessels. Therefore, inhibition of blood vessel growth
is a potential therapy for primary tumors, and it has become
an important way to treat tumors by increasing the expression
of inhibitory factors of angiogenesis in the tumor area.
Angiostatin is one of the endogenous angiogenesis inhibitory
factors[10] and has been proved in vitro to inhibit the
proliferation of endothelial cells. In vivo studies also confirmed
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that angiostatin could inhibit the angiogenesis in solid tumors
that could result in the inhibition of tumor growth[14-20].
      In the present study, we constructed a target fragment that
contained a sequence encoding a secretory signal (SS) and a
preactivation peptide (PA), the N-terminal kringle1-4 sequence
of plasminogen and 11 amino acids in the C-terminal HA-
tagged gene. The target gene fragment of 1.4 kb in length was
cloned into Xba I and Hind III restriction sites of eukaryotic
expression vector pcDNA3.1(+). Restriction digestion and
sequencing analysis for positive clones indicated that a
recombinant eukaryotic expression vector containing the
angiostatin gene was successfully constructed. This recombinant
vector was then transfected into human liver cancer cell line
SMMC-7721 and screened by G418. The result of RT-PCR
showed that the recombinant plasmid was stably integrated
into the cells. By Western blotting, a protein (Mr=38 000) was
detected, indicating that angiostatin protein was expressed in
transfected SMMC-7721 cells. Furthermore, the growth curve
showed that there was no significant difference in growth rate
between transfected and non-transfected SMMC-7721 cells.
This indicated that angiostatin had no inhibitory effect on the
growth of SMMC-7721 cells.
     CD34 is specifically located in endothelial cells. It was
reported that CD34 could be regarded as a good marker of
endothelial cells in liver cancer because of its high sensibility
and specificity. Therefore, the expression of CD34 can reflect
the angiogenesis of primary liver cancer and implanted liver
tumors. So in this experiment we used CD34 antibody to label
endothelial cells.
       In this experiment, SMMC-7721 cells that stably expressed
angiostatin cDNA (angiostatin group), SMMC-7721 cells alone
(blank control group) and SMMC-7721 cells transfected with
pcDNA3.1 (+) vector (vector control group) were subcutaneously
implanted into nude mice respectively. We found that the
implanted tumors appeared later in the angiostatin group, and
the mass and volume of the tumor were significantly lower
and smaller than those of the other two groups. The inhibitory
rate reached 78.6%, and the mass was only 34.6% of that of
the blank control group. These results suggested that angiostatin
could significantly inhibit the growth of primary tumors. The
MVD of the tumor in the angiostatin group was much less
than that in the other two groups (P<0.01). These data indicated
that angiostatin could upregulate the expression of angiogenic
inhibitory factors and/or downregulate the expression of
angiogenic stimulus factors after its cDNA was transfected
into SMMC-7721 cells. This would change the balance between
angiogenesis stimulus factors and angiogenic inhibitory factors,
thus inhibiting of the angiogenesis and growth of tumors.
      Gene therapy, concerning the special angiogenic inhibitory
factor of endothelial cells of tumor tissue, is a new way of
cancer treatment. We believe that this treatment in combination
with chemotherapy and radiotherapy would definitely improve
the effect of cancer treatment. Because liver cancer is more
prevalent in the world[21-23], especially in China[24], our results
have the significance in further research.
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