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Abstract

AlIM: To evaluate the effects of tanshinone I1-A on inducing
growth inhibition and apoptosis of human hepatocellular
carcinoma (HCC) cells.

METHODS: The human hepatocellular carcinoma cell line
SMMC-7721 was used for the study. The cells were treated
with tanshinone 11-A at different doses and different times.
Cell growth and proliferation were measured by MTT assay,
cell count and colony-forming assay. Apoptosis induction
was detected by microscopy, DNA ladder electrophoresis
and flow cytometry.

RESULTS: In MTT assay, the inhibitory effect became
gradually stronger with the passage of time, 24, 48, 72
and 96 h after treatment with tanshinone I1-A, and the
most significant effect was observed at 72 h. On the other
hand, the increase of doses (0.125, 0.25, 0.5, 1.0 mg/L
tanshinone 11-A) resulted in enhanced inhibitory effect.
The growth and proliferation of SMMC-7721 cells were
obviously suppressed in a dose- and time-dependent
manner. The results of cell count were similar to that of
MTT assay. In colony-forming assay, the colony-forming
rates were obviously inhibited by tanshinone II-A. In
tanshinone 11-A group, the morphology of cellular growth
inhibition and characteristics of apoptosis such as chromatin
condensation, crescent formation, margination and apoptotic
body were observed under light and transmission electron
microscopes. DNA ladder of cells was presented in
electrophoresis. The apoptosis index (Al) was 16.9% (the
control group was 4.6%) in flow cytometry. The cells were
arrested in Go/G; phase, and the expressions of apoptosis-
related genes bcl-2 and c-myc were down-regulated and
fas, bax, p53 up-regulated.

CONCLUSION: Tanshinone I1-A could inhibit the growth and
proliferation of HCC cell effectively in vitro by apoptosis induction,
which was associated with up-regulation of fas, p53, bax,
expression and down-regulation of bcl-2 and c-myc.

Yuan SL, Wei YQ, Wang XJ, Xiao F, Li SF, Zhang J. Growth

inhibition and apoptosis induction of tanshinone I1-A on human
hepatocellular carcinoma cells. World J Gastroenterol 2004;
10(14): 2024-2028

http://www.wjgnet.com/1007-9327/10/2024.asp

INTRODUCTION

Hepatocarcinoma is one of the most common causes of
malignancy-related death in China. Itstherapy in clinicisabig
challenge. New remedial method would possibly depend on
advances in basic research!¥. Recent evidence suggests that
apoptosis of cell isclosely related to occurrence, progress and
metastasis of tumor@. Study on induced apoptosis of tumor
cellsisanimportant field of tumor therapy and tumor molecular
biology at present. Inducing apoptosis is a new therapeutic
target of cancer research. New and promising anticancer drugs
could be discovered by studies on apoptosisinductiont®®,
Tanshinone I1-A is an alcohol-extracted product from the root
of the traditional Chinese medicine-Salvia miltiorrhiza Bunge,
which isknown to have anti-inflammatory, anti-oxidative and
cytotoxic activitied®?., Traditional Chinese medicinesconsidered
aspotentia drug in cancer treatment. Previous studies confirmed
that tanshinone I1-A could induce differentiation of human
cervicd carcinomacell line (ME180) and leukemiacells(NB4,
HL60 and K562), reverse malignant phenotype of human
hepatocarcinomacell line (SMMC-7721)**18, However, there
were no studies about growth inhibition and apoptosis
induction of tanshinone I1-A in hepatocarcinomacell. In thisin
vitro study, human hepatocarcinomacell line SMMC-7721 was
used. The growth inhibition and apoptosis induction of
tanshinone [1-A on SMMC-7721 cell were obvioudy exhibited.
We conclude that the effect of growth inhibition of tanshinone
I1-A on hepatocarcinomamight berelated to induction of cellular
apoptosis through regulation of apoptosis-associated genes.

MATERIALS AND METHODS

Cell line culture and reagents

Human hepatocellular carcinoma SMMC-7721 cell line was
provided by Shanghai Institute of Cancer Researchi*’. The
cellswere grown in RPMI 1640 (Gibco) supplemented with
100 ml/L fetal bovineserum (Huamei, Chengdu, China), penicillin
(100 mg/L) and streptomycin (100 mg/L) in a humidified
amosphere of 50 mg/L CO, at 37 ‘C. Anti-p53, fas, c-myc, bax
and bcl-2 antibodies were obtained from Sigma. Other special
chemicalswere purchased from Sigma (St Louis, MO, USA).

Drugs and treatment

Tanshinone I1-A (Tan I1-A) was provided by Institute of
Traditional Chinese Medicine (concentration 96%). It was
dissolved in DM SO (final concentration 0.2 mL/L). The
solution was filtered through a 0.22 pm micropore filter and
storedat 4 °C.

SMMC-7721 cellswere seeded in flasks or dishes. The Tan
I1-A group wastreated with Tan 11-A of different doses (0.125,
0.25, 0.5, 1.0 mg/L) for 24, 48, 72 and 96 h, respectively. The
control group was added with equal concentration of DM SO
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for negative control. The cellswere measured after successive
96-h treatment.

MTT assay

SMMC-7721 cellswere seeded in 96-well microtitre plateswith
1x10° per well and incubated for 24 hin 100 L culture media.
Thenthe cellsweretreated with 0.125, 0.25, 0.5, 1.0 mg/L of Tan
[1-A intheexperimental groupfor 24, 48, 72, and 96 hrespectively.
MTT 100 nL (5 g/L) was added to the cells and cultivated for
another 4 h. After the supernatant fluid was removed, DM SO
100 . per well was added to the cells and shaken for 15 min.
The absorbance at 570 nm was measured by an ELISA reader.
At thesametime, the SMMC-7721 cellswithout trestment were
served as control. Each assay was repeated three times.

Cell count

SMMC-7721 cellsweretreated with Tan |1-A (0.125, 0.25, 0.5,
1.0mg/L) for 96 h, respectively, then condition of thecell growth
was observed under an inverse and light microscope. Number
and viability of the cellswere assessed by trypan blue exclusion.

Cell colony-forming assay

Cellswere seeded in a6-well plate with 300 cells per well. After
24h,thecdlsweretreated with Tan|1-A (0.125,0.25,0.5,1.0mg/L),
and cultured in routine medium for 10 days continually. Then
the cellswere fixed by methanol, Giemsa staining. Finally, the
sum of colony per group was counted. The inhibiting rate of
colony-formation was cal cul ated.

Lightand transmission electron microscopy

SMMC-7721 cellsweretreated with DM SO (control group) or
0.5, 1.0mg/L Tan II-A for 48 h. The cellswere gently washed
with serum-free medium, and observed by inverse and light
microscopy after Giemsa staining. On the other hand, some
other cellswerefixed with 25 g/L glutaraldehydein 0.1 mol/L of
sodium cacodylate buffer, osmicated with 10 g/L osmium
tetroxide. then cell block was stained, dehydrated in graded
ethanol, infiltrated with propylene oxide, and embedded
overnight and incubatedina60 ‘C ovenfor 48 h. Silver sections
were cut with an Ultracut E microtome, collected on aformvar and
carbon-coated grid, stained with uranyl acetate and Reynold' s
lead citrate, and examined under a transmission electron
microscopeto identify the morphological changes of apoptosis.

DNA ladder detection

After induction of apoptosis, the cells (1x10%group, both
attached and detached cells) were washed by PBS, and fixed in
ice-cold 700mg/L ethanol for 24 h. After the ethanol wasremoved,
the cellswererinsed in 0.2 mol/L Na,HPO,and 0.1 mol/L citric
acid (192:8, pH 7.8) for 60 min at room temperature. After being
centrifuged (10 000 g), the supernatant was collected in
Eppendorf tubes, 2.5 g/lL NP-40 and 10 g/L RNase A were added
at 37 °C for 30 min, then Protein K (1 g/L, Promega) was added
at 50 °C for 30 min. Equal quantity of DNA was el ectrophoresed
in 15 g/L agarose gels and stained with ethidium bromide
(5mL/L)for2hat 80V . Ladder formation of oligonucleosomal
DNA fragmentation was detected under ultraviolet light.

Flow cytometry measurement

The sample preparation and measurement followed the method
described in referencel®®. The cells were harvested, counted
and fixed. The cell concentration was adjusted to 105/mL.
According to the routine method, cell frequency distribution
of each phase in cell cycle was measured. Cellular fas, p53,
bax, bcl-2 and myc gene expressions were detected by
immunohistochemical method on FACS-420 FCM. Theresults
were shown with scanning figure and date.

Statistical analysis

Data were presented as the mean+SD error of the mean.
Student’ st test was used for comparison among different
groups. A P value of lessthan 0.05 is considered statistically
significant.

RESULTS

Cell growth and proliferation

Tan I1-A exhibited a statistically significant dose-dependent
growth-inhibitory effecton SMMC-7721 cell evaluatedby MTT
assay. Theinhibiting rates of cell growth were 12.2%, 30.6%,
52.4% and 82.5%, respectively when treated with Tan I11-A of
different doses(0.125, 0.25, 0.5, 1.0 mg/L) for 96 h (Figure 1A).
Moreover, the growth-inhibitory effect of Tan 11-A onthe cells
wasfoundto betime-dependent. Theinhibiting rateswere 12.5%,
38.2%, 47.6% and 58.7%, respectively when treated separately
for 24,48, 72 and 96 hwith 0.5 mg/L of TanIl-A (Figure2B). The
inhibitory effect became gradually stronger with the passage
of time after treatment, and the most significant effect was
observed at 72 h. The cell growth and proliferation were
obviously inhibited in a dose- and time-dependent manner.
The sameinhibitory effect wasfound by cell count. In colony-
forming assay, the colony-forming rates of SMMC-7721 cell
were 11.6%, 22.5%, 38.5%, 42.2%in Tan |1-A group and 68.2%
in control group, respectively, suggesting the obviously
inhibiting effect of Tan 11-A on cell proliferation.
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Figure 1 Growth-inhibitory effect of Tan 1I-A on SMMC-7721
cells detected by MTT. A: In a dose-dependent manner detected
by MTT; B: In a time-dependent manner detected by MTT.

Morphological changes of apoptosis

Asshown inFigure 2, Tan I1-A-induced morphologica changes
wereevident by 72 hof treatmentin SMMC-7721 cdll. Roundish,
large and serried cells (in control group, Figure 2A) became
polygonal, small, detached or sparse, membranous frothed and
wizened (Tan I1-A group, Figure 2B) in thedishes under light
microscope. The ultrastructural characteristics of apoptosis
such as chromatin condensation, crescent formation, margination
and apoptotic bodies were observed by electron microscopy in
the Tan I1-A group (Figure 3), which were more obviousin the
given experimentd period than that in the control group.

DNA fragments

Agarose gel electrophoresis exhibited DNA ladder formation
in SMMC-7721 cell after exposed to different concentration of
Tan 11-A for 96 h. Compared with control, the DNA ladder was
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Figure 2 Morphological characteristics of SMMC-7721 cells before and after Tan II-A treatment. A: Roundish, large and serried
SMMC-7721cells (in control group); B: Polygonal, small, detached or sparse, membranous frothed and wizened SMMC-7721cells

(in Tan Il A group).

more clearly observed by treatment with 0.5, 1.0 and 2.0 mg/L
TanI1-A, whilethe DNA fragment induced by 0.125, 0.25 mg/L
Tan 11-A wasnot clear (Figure 4).

Figure 3 Ultrastructural changes of SMMC-7721 cells with
1.0 mg/L Tan lI-A treatment for 96 hunder TEM (x10 000). The
chromatin condensation, original margination were observed.

Figure 4 DNA agarose gel electrophoresis of SMMC-7721 cells
with Tan II-A treatment for 96 h. Lane 1: Marker, Lane 2: Control,
Lane 3: 2.0 mg.L?, Lane 4: 1.0 mg.L*%, Lane 5: 0.5 mg.L™.
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Cell cycle effect

In order to determinethe effect of Tan 11-A on proliferation and
apoptosisin SMMC-7721 cell, the cells were exposed to
0.5 mg/L Tan II-A for 96 h. Cell cycle distribution, cell
proliferation and apoptotic damage of DNA were determined
on aflow cytometer. The result showed the accumulation of
cellsin Gy/G; and a corresponding reductionin percentages of
cellsin Sand G/M phase, and decreased proliferation index
(P1). The cellsin sub-G; phase were increased. An apoptotic
peak was detected (Table 1, Figure 5)

Table 1 Effectof Tan 1I-A on cell cycle distribution and apoptosis
in SMMC-7721

Cell cycle distribution (%)

Group Pl % Al %
Go/G; S G,/M

Control 71.3t2.3  9.8+0.6  18.9+1.6 28.742.6  4.9+0.4

Tan II-A  77.8+3.8° 7.240.5° 15.0+1.2° 22.2+2.2° 16.9+1.2

c2test. °P<0.01 vs control group.

Table 2 Effect of Tan II-A on apoptosis associated gene expres-
sion of SMMC-7721

Positive rate of protein expression (%)

Group

fas p53 bax bcl-2 c-myc
Control 19.740.5 21.4+1.6 20.2+1.6 27.9+2.4 23.8+1.8
Tan Il A 28.4+2.5> 39.1#3.1° 31.5+2.7° 16.3%x1.3° 14.6+1.1°

c2test, "P<0.01 vs control group.

Apoptosis-associated genes expression
The expressions of apoptosis associated genes fas, bax, p53
were up-regulated. The expressions of bcl-2 and c-myc were
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Figure 5 Flow cytometry analysis of apoptosis in SMMC-7721 cells treated with Tan II-A (A) and DMSO (B).
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down-regulated (Table 2). The tabulated percentages were an
average calculated on the results of three separate experiments.
The values were presented as mean+SE (n=3).

DISCUSSION

Cellular proliferation and apoptosisin normal tissue maintain a
balance. Unlimited growth and proliferation, but blocked
apoptosis are main characteristics of malignant tumor cell. So
inhibiting proliferation by apoptosisinduction of cancer cell is
anew method for cancer control and therapy!&2%,

On the basis of previous studies, we chose different
concentrations of non-cytotoxic Tan II-A to study Tan I1-A
induced-apoptosisin vitro. MTT, cell count assay and colony-
forming assay showed that 0.25, 0.5, 1.0 mg/L Tan II-A
obviously inhibited the growth and proliferation of SMMC-
7721, and theinhibiting effect wasin adose- and time-dependent
manner. The most significant effect was observed at 72 h by
1.0 mg/L Tan Il-A. Flow cytometer showed that Tan I1-A
produced significant cell cycle arrest in Go/G,, decreased
proliferation index (PI) asevidence of anantiproliferation effect.
The cellular growth and inhibition could be observed by
morphology. The morphological characteristics of cellular
growth inhibition were also observed under light microscope.
Our results demonstrated that Tan 11-A inhibited growth and
proliferation of SMMC-7721 cellg?#,

Apoptosis, or programmed cell death, has an essential role
in controlling cell number in many developmental and
physiologica settings and in chemotherapy-induced tumour-
cell killing. The execution of apoptosis may be initiated by
many different signals, either from within or outside the cell
involving ligand-receptor interactions, as has been shown for
Fas/Fas-ligand, or potentially by more unspecific signals such
as DNA damage. During the modulation phase of apoptosis
many different genes such as p53, c-myc or Bcl-2/Bax have
been shown to be able to shift the balance either to cellular
proliferation or death. Cellular growth and proliferation are
closely related to apoptosis® 2,

The detection of apoptotic cell by microscopy is based on
several well-established morphological features. Thesefeatures
include condensation of chromatin and cytoplasm as well as
fragmentation of the cells that lead to the appearance of
membrane bound apoptotic bodies?. Those ultrastructural
characteristics apoptosis, the DNA ladder and increased cells
in sub-G; phase were observed in SMMC-7721 cells treated
with0.5,1.0mg/L TanlI-A.

Apoptosis-associated genes play amajor rolein apoptosis,
participating in the initiation and progress of programmed cell
death. Bcl-2 has been identified as an apoptosis inhibitor, and
shown to cooperate with c-myc in immortalizing cells. Under
certain conditions, constitutive expression of c-myc induces
apoptosis and can be suppressed by bcl-2. It appears that the
C-myc cooperating oncogenic activity of bcl-2 isrelated to its
inhibition of apoptotic pathways?!. Bax protein inhibits the
function of bcl-2 leading to increased apoptosis.

The tumor suppressor gene p53, atranscription factor, has
been identified as a participant in the cellular DNA damage
response. Upon DNA damage, p53 up-regulation causes G1
arrest. The apoptosis promoting capacity of p53 is presumably
duetoitsability to activate bax, agene that encodesan inhibitor
of bcl-2. Fas (CD95/APO-1) is adeath-promoting receptor that
belongs to the tumor necrosis factor (TNF) receptor family,
and induces apoptosis through different ways".

In the present study, we observed down-regulation of bcl-
2 and c-myc expression, which isin keeping with the role of
bcl-2 in blocking apoptosis and c-myc in promoting
proliferation. At the same time, the expressions of apoptosis

associated genes fas, bax, p53 were up-regulated. These
suggested that Bcl-2, c-myc, fas, bax and p53 wereinvolved in
apoptosis of hepatocarcinomacellsinduced by Tan |1-A. Parts
of these mechanismswere related to inhibition of cell growth.
Some results of our study on inducing apoptosis in human
hepatocellular carcinoma cell are consistent with other
researches®!,

Tan 11-A inhibits growth and proliferation of hepatocarcinoma
cells by inducing apoptosis. Tan I1-A might have different
mechanismsin inducing apoptosis and inhibiting proliferation
of cancer cdlls. Other possible mechanisms of the action of Tan
I1-A need to be further investigated. We consider that Tan I1-A
could be a new prospective, highly effective and low toxic
anticancer drug.
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