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Reversing effect of Tanshinone on malignant
phenotypes of human hepatocarcinoma cell line

YUAN Shu-Lan, HUANG Ren-Min, WANG Xiu-Jie, SONG Yi and HUANG Guang-Qi

Subject headings tanshinone; liver neoplasms;
carcinoma, hepatocellular; tumor cell, cultured; cell line;
immunohistochemistry; proliferation cell nuclear antigen;
flow cytometry

Abstract

AIM To study the reversing effect of Chinese
drug tanshinone on malignant phenotype of cancer
cells.

METHODS Human hepatocarcinoma cell line
(SMMC-7721) was treated in vitro with 0.5 mg/L
tanshinone for 4 days, and variation in cell
differentiation wasdetected.

RESULTS The morphology of cancer cells was
tended toward well differentiation and cell growth
was markedly inhibited. BrdU uptake assay and
immunohistochemical stain of PCNA showed that
the BrdU labeling rate and PCNA positive rate
were lower than the controls, but no difference
was found statistically as compared with all
transretinoic acid. Flow cytometric assay
demonstrated that S phase cells decreased and
G0/G1 phase cells increased. Expression of c-
myc oncogene protein decreased but the c-fos
oncogene protein markedly increased.
CONCLUSION Tanshinone could reverse the
inducing differentiation in human hepatocarcinoma
cells (SMMC-7721). It may become a new
prospective inducer of cell differentiation to treat
cancers.
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INTRODUCTION

Study on reversion of cancer cellsisanimportant field
of tumor molecular biology at present. Theapplication
of all transretinoic acids to treating leukemiais a
successful exampleof differentiationinducingtherapy.
But attention was al so been paid to screening highly
effective and low toxicant inducer of differentiation
to treat the solid tumors. Tanshinone is an alcohol
extract from theroot of thetraditional Chinese herbal
medicine-SalviaMiltiorrhizaBunge. Previousstudies
in vitro have shown that tanshinone possessed
cytotoxic effect on cancer cells and induced
differentiation of cervical carcinomacells*3. Zhang
ZW, et al. reported that all transretinoic acid can
reverse malignant phenotypes of human
hepatocarcinoma cells, and promote carcinomacells
to differentiate toward normal cells?®. We used
transretinoic acids as positive control to study the
reversing effect of tanshinoneonmalignant phenotypes
of human hepatocarcinoma cells in cellular
morphology, cellular properties of growth and
proliferation, cell cycle and expression of oncogene.

MATERIALS AND METHODS

Cell and culture

Human hepatocarcinomacell line (SMMC-7721) was
derived from Shanghai Institute of Cancer Research
[4, Cells were cultured in RPMR1640 medium that
contained 15% inactivated bovine serum and 100 mg/
L ampicillin, 100 mg/L streptomycinat 37°C ina5%
CO2incubator.

Drugs and treatment

Tanshinone Il A (Tan) was provided by the Chinese
Institute for Drug and Biological Assay (pure product).
It wasdissolvedin DM SO (final concentrationis0.22%
V/V). The solution was filtered through a 0.22 pm
microporefilter, then stored at 4°C for use. SMMC-7721
cellswere seeded, and treated with 0.5 mg/L Tan or 0.5
mg/L ATRA. Thecontrol cellswereadded equal amount
of DM SO for negative control experiment. The cells
were treated with drugs or DMSO for 4 days
continuoudly. Theusageof dl transretinoicacid (ATRA,
Sigma s product) was egqual to tanshione.

Reagents

5-Bro-mo-2'-deoxyuridinelabeling and detection kit 11
is a product of Boehringer Mannheim Company,
Germany. Anti-proliferation cell nuclear antigen
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(PCNA) monoclonal antibody PC10, c-myc and c-fos
monoclonal antibody were purchased from Denmark
Dake Company and S-P kit from American Maxim

Company.

Cellular morphological observation

The treated cells were observed under inverse and
light microscopy after HE stain. On the other hand,
the cells were made into ultra-slice by routine
method, and observed under transmission electron
microscopy.

Cellular growth measurement

The cells treated with drugs and control cellswere
harvested by trypsinization and the total number of
cellswas counted by trypan blue exclusion daily for
4 days.

BrdU labeling rate measurement

BrdU labeling The cells treated with drugs for 4 days
were continuoudy cultured with BrdU labelling culture
liquid (final concentration of 10 pmol/L) for 30 min,
centrifuged and washed with PBS, added 5% abumin
PBS to make the cell smears. The diluted 1:10 BrdU
monoclona antibody (mouse IgG1) on the smearswas
added with 1:10 anti-mouse-IgAP, and devel oping dye
(NBT, X-phosphate).

Result observation Thedistractsof morepositivecells
were chosen under low power light microscopy. The
positive cells of 2000 cells were counted under oil
immersionlens. Thelabeling rate and positiveratewere
calculated.

Immunohistochemical detection

L SAB method was used for immunohistochemical
staining of PCNA according to SP-kit instruction. PC10
wasdiluted 1:200. Humantons| tissuesserved aspositive
control and PBS substituted PC10 for negative control.
Observation of resultissimilar to above.

Flow cytometry measurement

The sample preparation and measurement followed
the method described in reference’®. The cellswere
harvested, counted and fixed. The cell concentration
was adjusted to 10°%ml. According to the routine
method, using FACS-420 FCM, cell frequency
distribution of each phasein cell cyclewas measured,
and by combined withimmunohistochemical method,
cell c-myc, c-fos gene and their protein expression
were detected. Theresultswere shown with scanning
figure and date.

RESULTS

Effect of Tan and ATRA on morphology of SMMC-
7721 cells

Light and electron microscopy observation. In

control group, the cells arranged in aggregation, the
cellular shape was polygon or spindle, with different
volumes, moretumor giant cells, largekaryonand more
nucleus. The karyon/cytoplasm ratio rose, with few
organelle. In Tan or ATRA group, the cellular
arrangement was scattered, the cellsbecame thin and
long, the cellular volume became accordant, with less
tumor giant-cells(Figure1). Thekaryon becamesmall
and the nucleus became scarce. The karyon/
cytoplasmratio fell,the well-differentiated organelle
such as microfilament and Golgi complex occurred.
Morphology of the cells tended towards well-
differentiation as compared with the control cells
(Figure?2).

Figure 1 Tan group, morphology of SMMC-7721 cells under light
microscopy. HEx100

Figure 2 Tan group, morphology of SMMC-7721 cells under
transmission electron microscopy. x12 000

Effect of Tan and ATRA on growth curve of SMMC-
7721 cells

Cellular growth was measured by growth curve.
The cells treated with Tan and ATRA were
markedly inhibited in logarithmic growth phase
(2-4 days after treatmentwith drugs). On day 4 after
treatment with drugs, theinhibition rates of growth
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were 58.1% and 52.2%. No cells died by trypan blue
excluson.

Effect of Tan and ATRA on proliferation of SMMC-
7721 cells

The BrdU labeling rate and PCNA positive rate of the
Tan and ATRA group werelower than those of control
group (Table 1), and there was significant difference
statistically (P<0.01). But, there was no significant
difference between PCNA positive rate of Tan group
and ATRA group (P>0.05).

Table 1 Effect of Tan on BrdU labeling rate and PCNA positive
rate of SMMC-7721 cells

Groups  BrdU labeling P PCNA positive P
rate (%) rate (%)
Control 28.0 74.3
Tan 8.9 <0.01 57.0 <0.01
ATRA 13.6 <0.01 <0.01
<0.01 47.6 >0.05

*Tan compared with ATRA group by X2 test.

Effect of Tan and ATRA on cell cycle and gene
expression of SMMC-7721 cells
TheresultsareshowninTable2. Tanor ATRA increased
the number of cellsin GO/G1 phase, but decreased the
number of cellsin S phase. Tan markedly inhibited the
expression of cellular c-myc oncogene protein, but
enhanced the expression of cellular c-fos oncogene
protein, whileATRA inhibitedthec-mycgeneexpresson,
but did not enhance the c-fox gene expression.

Table 2 Effect of Tan on cell cycle and gene expression of
SMMC-7721 cells

Distribution Labeling rate of

of cell cycle (%) gene expression (%)
Groups
G0/G1 S G2+M c-myc c-fos
Control 47.7 16.2 36.1 23.8 25.9
Tan 57.6° 8.9° 33.5° 14.6° 41.7°
ATRA 59.5° 8.2° 32.3° 13.4° 28.52

3P<0.05, vs control group; °P<0.01, vs control group.

DISCUSSION
Human hepatocarcinoma cells were treated with
non-cytotoxic dose of tanshinone. After treatment,
cellular morphology and structure tended toward
well-differentiation, and cellular growth and
proliferation were markedly inhibited. Trypan blue
exclusion demonstrated that the inhibiting effects
of Tan and ATRA on the cells were not caused by
cytotoxicity, but by the effect of inducing
differentiation.

BrdU labeling rate and PCNA positive rate are
reliable indexes for cellular proliferative ability.
BrdU uptake test has many advantages compared

with 3H-thymidine uptake test. BrdU was a kind of
analogue of thymidine. It can incorporate the
multiplicating cells, and label the cells of S phasel®
1. BrdU monoclonal-antibody-ligase was used as an
indicator. This method can measure the cells
including BrdU, get thenumber of multiplicating cells
of S phase, and show the cellular DNA synthesis
ability. PCNA was an auxiliary protein of DNA
polymerase 6 , directly participate in DNA
duplication in the course of cellular multiplication.
Itsexpression or content representsthe multiplication
activity of cells. Measured positive cellsarethecells
of late G1 phase or early S phase'®. We found that
BrdU labeling rate and PCNA positive rate of
SMMC-7721 treated with Tan or ATRA markedly
decreased. This showed that the cellular number of
S phase decreased. This result is consistent with
analysis of FCM (the cells were prevented in the
Go/G; phase of cell cycle). Previous studies have
showed that the expression of c-myc or c-fos
oncogenewasclosely relatedto cellular multiplication
and differentiation. The amplification and over-
expression of c-myc gene were associated with
malignancy and tumorigenicity of cells, but itslow-
expression was related to cellular morphologic
changes and differentiation!®. The result of FCM
showed that via the inhibition or enhancement of
expression of cellular gene, Tan and ATRA inhibited
theability of DNA polymerase 6 and PCNA protein
expression, inhibited the cells to enter S phase and
DNA synthesis, thusinhibiting the cellular growth,
multiplication, and promoted cellular differentiation.

Tanshinone, acting as an effective component of
atraditional Chinese medicine to induce cellular
differentiation, has many advantages. It has low
toxicity and side effects, can induce tumor cellsto
differentiate, at the same time, exerting other
pharmacol ogical effect. Sotanshinoneisconsidered
to be a new prospective, high effective and low
toxicant inducer of differentiation for clinical
application.
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