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Abstract: Cancer cell growth is complicated progression which is regulated and controlled by multiple factors in-
cluding cell cycle, migration and apoptosis. In present study, we report that TADs, a novel derivative of taspine,
has an essential role in resisting hepatocellular carcinoma growth (including arrest cell cycle) and migration, and
inducing cell apoptosis. Our findings demonstrated that the TADs showed good inhibition on the hepatoma cell
growth and migration, and good action on apoptosis induction. Using genome-wide microarray analysis, we found
the down-regulated growth and apoptosis factors, and selected down-regulated genes were confirmed by Western
blot. Knockdown of a checkpoint c-Myc by siRNA significantly attenuated tumor inhibition and apoptosis effects of
TADs. Moreover, our results indicated TADs could simultaneously increase cyclin D1 protein levels and decrease
amount of cyclin E, cyclin B1 and cdc2 of the cycle proteins, and also TADs reduced Bcl-2 expression, and upregu-
lated Bad, Bak and Bax activities. In conclusion, these results illustrated that TADs is a key factor in growth and
apoptosis signaling inhibitor, has potential in cancer therapy.
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Introduction

Natural products play an important role in the
discovery of novel lead compounds and new
chemical entities. Taspine which was originally
identified from a screen of Radix et Rhizoma
leonticis (Hong Mao Qi in Chinese) [1]. We previ-
ously found that taspine displayed anticancer
and antiangiogenesis properties [2, 3]. TADs
(Figure 1) was a novel derivative of taspine.
Previous reports showed TADs displayed signifi-
cant inhibitory activity on proliferation of sev-
eral different cancer cell lines including breast
cancer cell, non-small cell lung cancer [4, 5].
Present research works indicated TADs showed
obviously inhibition on hepatoma carcinoma
cell.

Hepatocellular carcinoma (HCC) is the fifth
most common solid tumor in the world and the
third most common cause of cancer mortality
[6]. Despite significant advances in early detec-
tion and therapy, HCC is still one of the leading
causes for cancer-related death worldwide [7].

Tumor recurrence in HCC can occur as metasta-
ses, whereas more than 90% of HCC-related
deaths are the result of secondary local or dis-
tant diseases. Recently, drugs targeting key
pathways have generated new perspectives in
the field of the treatment of HCC. There is an
urgent need for more effective agents for the
clinical management of HCC. TADs could inhibit
hepatocellular carcinoma activity and might be
a useful therapeutic candidate for HCC inter-
vention. Tumor cell proliferation is closely relat-
ed to the cell cycle, cell apoptosis and tumor
cell metastasis, and therefore induction of cell
cycle arrest and apoptosis are an effective
method of controlling tumor cell growth [8].

Cell cycle arrest and apoptosis represent two
effective mechanisms involved in the induction
of cell death [9]. There are various molecular
players involved in the proliferation, cell cycle,
and cell apoptosis pathway, such as the, cyclins,
cyclin-dependent kinases (CDKs), Bcl-2 family,
etc. These signaling pathways regulate impor-
tant cellular functions including cellular prolif-
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Figure 1. Chemical structure of TADs.

eration, migration, cell cycle and apoptosis [10,
11].

Myc (c-Myc) is a regulator gene that codes for a
transcription factor. The protein encoded by
this gene is a multifunctional, nuclear phospho-
protein that plays a role in cell cycle progres-
sion, apoptosis and cellular transformation.
Malfunctions in c-Myc have also been found in
carcinoma. c-Myc is thus viewed as a promising
target for anti-cancer drugs [12, 13]. PLG
(Plasminogen) plays an essential role in the
proteolytically degradation of extracellular
matrix and the basement membrane surround-
ing the primary tumor, which is a major determi-
nant for cancer invasion and metastasis.
Recent studies indicate that PLG affects adhe-
sion, angiogenesis, differentiation and prolifer-
ation [14]. Protein tyrosine phosphatase, recep-
tor type, C (PTPRC), is a member of the protein
tyrosine phosphatase (PTP) family. PTPs are
known to be signaling molecules that regulate a
variety of cellular processes including cell
growth, differentiation, mitotic cycle, and apop-
tosis [15, 16].

The present study aimed to extend the previous
study of TADs and to evaluate its inhibition on
HCC growth through arrest cell cycle and induc-
ing apoptosis using proliferation, colony forma-
tion, transwell assay and siRNA assay. The
potential targets were analyzed by microarray
analysis. In addition, the key role of c-Myc in
TADs-induced apoptosis and migration in
human hepatocellular carcinoma cell was also
investigated.

Materials and methods
Reagents

Cell culture mediums (DMEM, RPMI 1640),
trypsin, MTT, Dimethylsulfoxide (DMSO), RNase,
Propidium iodide (PI), Annexin-V-FITC, Hoechst
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33258 was purchased from

Sigma (St. Louis, MO, USA).

Protease inhibitor cocktail

was from Roche (CA, USA).

Fetal bovine serum (FBS) was

E purchased from Excell Bio

(Shanghai, China). Cyclin B1

Cl rabbit polyAb, cdc2 rabbit

polyAb, cyclin D1 mouse mAb

and cyclin E rabbit polyAb, bad

rabbit polyAb, bak rabbit poly-

Ab, bax, bcl-2 rabbit polyAb,

c-Myc rabbit polyAb, PLG rab-

bit polyAb, PTPRC rabbit polyAb, HRP-

conjugated GAPDH mAb were from Proteintech

Group (USA). BCA protein assay reagent kit and

enhanced chemiluminescent (ECL) plus reagent

kit were obtained from Pierce (Pierce Biotech,

USA). Total RNA extracted kit was from Fastagen

(Fastagen, China). Revert AIDTM. first strand

cDNA synthesis kit was from Fermentas

(Hanover, Lithuania). RNAi was from Fermentas

(Hanover, Lithuania). Other reagents used were
analytical grade.

Cell culture

SMMC-7721, BEL-7402 and Hep G2 cancer
cells from Shanghai Institute of Cell Biology in
the Chinese Academy of Sciences were main-
tained in RPMI1640 and DMEM with 10% FBS,
and incubated at 37°C with 5% CO,. All cells
were used in experiments during the linear
phase of growth.

Cell viability assay

Exponentially growing cells (SMMC-7721, BEL-
7402 and HepG2 cells or siRNA cells of SMMC-
7721 were cultured in 96-well plates) were
plated into 96-well plate (Costar, USA), 24
hours after seeding, cells were incubated in the
absence or presence of TADs for 48 h. The cell
viability was evaluated using MTT assay, as
described previously [17]. The cell numbers
were analyzed for the dynamic proliferation
rate of cells. The experiment was repeated
three times independently.

Colony formation assay

SMMC-7721, BEL-7402 and HepG2 cells were
cultured in 6-well plates and fresh medium with
or without TADs, was added for 10~15 days.
Colonies with cell numbers of > 50 cells per
colony were photographed and counted after
staining with 0.01% crystal violet solution. All
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Figure 2. TADs suppressed liver cancer cell proliferation and colony formation. (A) Cells were treated by TADs for
48h at 6.25, 12.50, 25.00 uM. TADs inhibited SMMC-7721, BEL-7402 and Hep G2 cells growth in vitro. (B) Effect
on colony formation of SMMC-7721, BEL-7402 and Hep G2 by TADs. The representative colony formation picture of
SMMC-7721, BEL-7402 and Hep G2 cell. (C) Quantitation data of (B), TADs showed better inhibition on the colony
formation of SMMC-7721 than BEL-7402 and Hep G2 cells. Data were expressed as means + SD (n =5). *p < 0.05,

**p < 0.01 vs. the untreated control group.

the experiments were performed in triplicate
wells in three independent experiments [18].

Microarray analysis

The RNA for the microarray experiments was
extracted from SMMC-7721 cells. Microarray
experiments were performed in the whole
human genome oligo microarray (Agilent
Technologies, 4 x 44K, CA, USA), which repre-
sents more than 41000 human genes and tran-
scripts. It was used in this study to further sys-
tematically screen the differentially expressed
genes between control and TADs-treated cells
at the Shanghai Biotechnology Corporation as
described previously [19, 20]. Data were nor-
malized by the Quantile method. All microarray
datasets were submitted to the “Gene
Expression Omnibus” with an accession num-
ber of GSE52554.

Analyses of the cell cycle

SMMC-7721 cells were cultured in six-well cul-
ture plates for 24 h and incubated for 24 h after
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the medium was changed to serum-free medi-
um. Cells were incubated for another 48 h with
TADs at various concentrations respectively.
The cells were trypsinized, collected, and
washed in PBS, then cells were subsequently
fixed in 70% ethanol, incubated with RNase (50
pug/ml) and Pl (60 pg/ml) protect from light at
room temperature for 30 min. The cell cycle
was assessed according to the percentage of
cells with DNA using the PI staining technique
as described previously [14, 21].

Cell apoptosis analysis

SMMC-7721 cells were treated with different
concentrations of TADs for 48 h. The cells were
then collected, washed, and re-suspended in
phosphate buffered saline (PBS). The apoptotic
cell death rate was examined with Annexin
V-FITC and PI double staining using the Annexin
V-FITC apoptosis detection kit according to the
manufacturer’s instructions. After staining the
cells with Annexin V-FITC/PI, flow cytometric
analysis was performed and data was analyzed
using Cell Quest software [22, 23].

Am J Cancer Res 2015;5(3):1076-1088
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Figure 3. The genetically different populations by TADs for SMMC-7721 cells. A: The GO category for the down-
regulated genes in TADs group compared with control group. B: The GO category for the up-regulated genes in the
TADs group compared with the control group. -logPvalue > 2 was used as a cut-off threshold to select significant
GO categories. The higher the enrichment, the more significant the biological processes. C: Hierarchical cluster
analysis of 38 differentially down-regulated expressed genes for cell growth and apoptosis in samples. Each column
represents one sample, and each gene was depicted by one row, where red denotes an increase in gene expression
and green denotes a decrease in gene expression as compared with the other group. D: Comparison of c-Myc, PLG
and PTPRC gene expression levels between control and TADs group by western blot, which confirmed the microarray

analysis. Data were expressed as means * SD (n = 3). *p < 0.05, **p < 0.01 vs. the control group.

Western blotting

The SMMC-7721 cells treated with or without
TADs for 48 h were prepared by extracting pro-
teins with RIPA lysis buffer containing protease
inhibitor cocktail on ice. Cell lysates were ana-
lyzed for western blot analysis with primary
antibodies, followed by enhanced chemilumi-
nescence. Blots were reprobed with GADPH to
compare protein load in each lane [14].

SiRNA transfection

For in vitro knockdown experiments, a smart
pool of double-stranded siRNA against c-Myc
as well as nonspecific siRNA were obtained
from Shanghai GenePharma Co., Ltd. For
transfection, siRNA was delivered at a final
concentration of 80 nM using Lipofectamine
2000 reagent (Invitrogen) according to the
manufacturer’s instructions [24, 25]. Designed
and synthesized a double stranded siRNA oligo-
nucleotide were: CCAAGGUAGUUAUCCUUAATT
and UUAAGGAUAACUACCUUGGTT. The sense
and antisense sequences were: 5-ACACATC-
AgCACAACTACg-3’, 5-CgCCTCTTgACATTCTCC-
3. We incubated the cells for 24 h to allow
knockdown of c-Myc. These cells were used for
proliferation, wound healing and Hoechst stain-
ing assays.

Wound healing assay

SMMC-7721 cells were planted into 12-well
plate and allowed to grow to 70% confluency in
complete medium. Cells were then serum
starved for 24 h. Adherent cells were scraped
off the bottom of a culture plate using a pipette
tip to create a cell-free area. The cell culture
was washed with PBS to remove cell debris and
then incubated in the absence or presence of
TADs for another 48 h. Cell migration into the
wound surface and the average distance of
migrating cells were determined under an
inverted microscope after scratching [26, 27].

1080

Hoechst staining assay

Cells were treated with different concentra-
tions of TADs in 6-well plates for 48 h. Cells
were then incubated with Hoechst 33258 stain
for 10 min at 37°C according to the manufac-
turer’s instructions, and examined under fluo-
rescence microscope [28].

Statistical analysis

Data were given as mean + S.D. in quantitative
experiments. Statistical analyses of differenc-
es between the groups were performed with
ANOVA by Student’s t tests. Results were con-
sidered statistically significant if the P value
was < 0.05.

Results

TADs inhibited liver cancer cell viability and
colony formation

To evaluate the effect of TADs on liver cancer
cells, we observed its action on cell viability
and colony formation. The results showed that
TADs significantly inhibited cell viability in
SMMC-7721, BEL-7402 and Hep G2 cells,
respectively (Figure 2A). In colony formation
assay, upon 10~15 days continuous culture,
TADs suppressed colony formation of SMMC-
7721, BEL-7402 and Hep G2 cells (Figure 2B).
TADs showed good inhibition on the cell viability
and colony formation of SMMC-7721 cells relat-
ed to cells of BEL-7402 and Hep G2 cells (Figure
2A and 2C). These findings indicate that TADs
has potential anti-tumor properties in hepato-
carcinogenesis.

Differentially expressed genes in control and
TADs-treated cells

To gain insights into the mechanisms of TADs
on inhibition to HCC, SMMC-7721 cells were
cultivated in the absence or presence of 25.0
MM TADs for 48 h, followed by the Agilent Whole

Am J Cancer Res 2015;5(3):1076-1088



c-Myc plays a key role in TADs-induced apoptosis and cell cycle arrest

Aem B B  C
e 0o G2
800 ] i 200 ODes TADs (IJM)
) 000 !aso- 0.00 6.25 12.50 25.00
£ 0 2 ] CYC||nB1
0} s Cdc2
3 o & o CyclinD1
d
c 1000 e E:‘;,,Z:?m CYCIIDE
D G2
0 - e GAPDH
P }
: -~ 2
200 3
[ o T T 1
o i 150 0 c:'om.mr; 120 150
B D
2.51
100, B3 CyclinB1
__2.0- E3 CyclinD1
z B3 CyclinE
< 1-51 @ Cdc2
9
50- fiee
2
(1]
14
o-

0.00 6.25 12.50 25.00 - DO D OO D OO O HODD
Sefe® SRS SRS SRS

Concentration (M) Concentration (uM)

Figure 4. Effect of TADs on SMMC-7721 cell cycle and cycle-related molecules. Cells were treated with TADS for 48 h and stained with PI. The cells were then ana-
lyzed by FACs. (A) TADs arrested SMMC-7721 cell cycle at the G, phase. (a) Control. (b) 6.25 uM. (c) 12.50 uM. (d) 25.00 pM. (B) Quantitation data of (A). Data were
expressed as percentage of cell population in G -G,, S and G,-M phases of the cell cycle (n = 3). (C) Effect of TADs on cycle proteins expression of Cyclin D1, Cyclin
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E, Cyclin B1 and Cdc2 by western blot analysis. (D) Quantitation data of (C). TADs decreased the protein expressions of Cyclin E, Cyclin B and Cdc2 expressions,
and increased Cyclin D1 expression in a dose-dependent manner compared to the untreated control. Data were expressed as means + SD (n = 3). *p < 0.05, **p
< 0.01 vs. the control group.
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Figure 5. Effects of TADs on SMMC-7721 cell apoptosis and apoptosis-related molecules. Cells were cultured over-
night in 6-well plates and treated in triplicate with TADs for 48 h. (A) Flow cytometric analysis of TADs-induced apop-
tosis in SMMC-7721 cells. The proportion of apoptotic cells was determined by double-staining with Annexin V/FITC
and PI. The flow cytometry profile presents Annexin V-FITC (x-axis) and PI staining (y-axis). The values represent the
percentage of cells in each of the four quadrants (lower left quadrant, viable cells; upper left quadrant, necrotic or
dead cells; lower right quadrant, early-stage apoptotic cells; and upper right quadrant, late-stage apoptotic cells). (B)
Quantitation data of (A). (C) Effect of TADs on apoptosis proteins expression of Bax, Bad, Bak and Bcl-2 by western
blot analysis. (D) Quantitation data of (C). Data are presented as the mean + standard error of the mean (n = 3). *p

< 0.05, **p < 0.01 vs. the control group.

Human Genome Oligo Microarray. A group of
differentially expressed genes obtained from
the primary analysis were analyzed by GO
enrichment and decrease pathway analysis,
respectively. All the down-regulated genes in
TADs-treated cells were shown in Figure 3A.
The GO enrichment analysis revealed that the
main GO categories for the up-regulated genes
in TADs-treated cells as summarized in Figure
3B A heat map with two-dimensional hierarchi-
cal clustering revealed 38 genes differentially
expressed between the two groups, which were
down-regulated and related to growth, prolifer-
ation and metastasis, as illustrated in Figure
3C. The total genes were found to be differen-
tially expressed between control and TADs-
treated cells at p < 0.05. In this experiment, the
genes responsible for growth, migration and
apoptosis were most important to match our
research goal. The analysis of our microarray
data showed that c-Myc genes, associated with
growth, migration and apoptosis, were down-
regulated in TADs-treated cells as compared
with the control cells. And also, we determined
the PLG, RTPRC and c-Myc protein expressions
of growth, migration and apoptosis for the con-
firmation of microarray assay by Western blot
(Figure 3D). It indicated TADs could downregu-
late PLG, RTPRC and c-Myc expression in dose-
effect relationship.

TADs arrested cell cycle and regulated related
cycle proteins

The effect of TADs on cell cycle profile was ana-
lyzed using PI staining and flow cytometry anal-
ysis. Cells were treated without TADs or with
TADs at 6.25, 12.50, 25.00 uM for 48 h and
stained with propidium iodide. As shown in
Figure 4A and 4B, treatment of TADs induced
an accumulation of SMMC-7721 cells in the G1
phase of the cell cycle. The population of phase
G1 was increased with the increased concen-
trations of TADs. A decrease in the population
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in the S phases was also observed. To eluci-
date the specific cell cycle regulatory proteins
responsible for the cell cycle arrest, we explored
the effect of TADs on regulatory protein mole-
cules including cyclin D1, cyclin E and cyclin B1,
which are cyclins required for advance from G1
t0 S, Sto G2, G2 to G1 respectively. Meanwhile,
we investigated the effect of TADs on cyclin-
dependent kinases cdc2. As shown in Figure
4C and 4D, the levels of cyclin D1 protein grad-
ually increased with TADs at the concentrations
of 6.25-25.00 yM. In contrast, the amount of
cyclin E, cyclin B1 and cdc2 was significantly
down-regulated in TADs-treated cells. These
data suggest that these cell cycle regulatory
molecules are involved in TADs-induced chang-
es in cell cycle progression.

TADs induced cell apoptosis and regulated
related apoptosis proteins

Apoptotic SMMC-7721 cells were measured by
FACS. Annexin-V staining combined with PI
staining was done in cells in the control group
and cells treated with TADs at different concen-
trations, and then analyzed by flow cytometry.
Early apoptosis was in the right quadrant of a
dot-plot graph using annexin-V-FITC versus PI.
After treatment with TADs for 48 h, the percent-
age of cells undergoing apoptosis were
increased with the increased concentrations,
(Figure 5A and 5B). Since Bcl-2 family mem-
bers controlled cytochrome ¢ release in mito-
chondria apoptosis pathway, we examined
whether Bcl-2 family members were involved in
the TADs -induced apoptosis. To test this, we
analyzed the expressions of Bcl-2 family pro-
teins (Bcl-2, Bad, Bax and Bak) in SMMC-7721
cells treated with increasing concentration of
TADs (6.25, 12.50, 25.00 uM) for 48 h by west-
ern blot analysis. Treatment with TADs led to a
notable decrease in Bcl-2 expression and a sig-
nificant up-regulation in Bak, Bad and Bax
expression (Figure 5C and 5D).

Am J Cancer Res 2015;5(3):1076-1088
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Figure 6. c-Myc plays a key role in TADs-inhibited cell growth and migration, and TADs-induced apoptosis in SMMC-
7721 cell. c-Myc mRNA expression (A) and protein expression (B and C) in SMMC-7721 cells transfection with 80
nM c-Myc siRNA using Lipofectamine 2000 reagent and SMMC-7721 cells (wild type) were determined by RT-PCR
analysis and western blot assay. Transfection with a control siRNA construct served as a negative control. Data rep-
resents the means + SD (n = 3). *p < 0.05, **p < 0.01 versus the c-Myc expression in SMMC-7721 cells. (D) Effect
of TADs on cell proliferation in SMMC-7721 cells (wild type) and knockdown cells by MTT assay. After treated with
c-Myc siRNA for 24 h, cells were treated with TADs for 48 h. Data represents the means + SD from three repeated
experiments. Five wells were treated in each experiment. (E, F) Representative micrographs of the scratch wound
healing assay in wild type SMMC-7721 cells (E) and knockdown cells (F) in the absence or presence of TADs at 48
h. Bar = 100 ym. Confluent cells were assayed for migration into the wound at 48 h after scratching. Migrating cells
were measured by average distance of migrating. G: Representative micrographs of Hoechst 33258 staining in
wild type SMMC-7721 cells and knockdown cells by TADs at 48 h. H: Quantitation data of (E and F). () Quantitation
data of (G). The results are expressed as the means + SD. The data shown are representative of three independent

experiments. *p < 0.05, **p < 0.01 versus the normal SMMC-7721 cells.

Effect of c-Myc on cell viability, migration and
apoptosis

In order to clarify key regulation molecular on
the HCC growth by TADs, we carried out the
siRNA assay on the c-Myc gene in SMMC-7721
cells (Figure 6A-C). We also compared the pro-
liferation, migration and apoptosis between
normal cells and knockdown of c-Myc in SMMC-
7721 cells, and found that there was an obvi-
ous difference in the two groups, knockdown of
c-Myc significantly reduced the inhibition of
TADs on the growth of SMMC-7721 cells, as
compared with the control groups transfected
by a negative control shRNA (shRNA-NC) (P <
0.05, Figure 6D). At the same time, treatment
of TADs significantly decreased the migration
ability by wound healing assay at the concen-
trations of 6.25-25.00 pM, respectively, and
the knockdown of c-Myc significantly reduced
the inhibition on the migration of SMMC-7721
cells, as compared with the control groups (P <
0.05, Figure 6E-G). In the Hoechst staining
assay, the same change rule appeared between
normal cells and knockdown of c-Myc in SMMC-
7721 cells (Figure 6H and 6l). It indicates c-Myc
is a key factor in the cell viability, migration and
apoptosis by TADs.

Discussion

Conventional chemotherapy often encounters
drug malfunction after a long time treatment.
To overcome this problem, novel therapeutic
strategies are in an urgent need to be devel-
oped, and one of the attractive strategies is
to develop effective new drugs in chemothera-
py. Here, TADs has showed good momentum
for cancer drug development in our previous
works. To date, the effects of TADs on HCC
have not been investigated, and its exact mech-
anism of action is largely unknown. The current
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study focuses on the inhibition evaluation of
TADs on HCC growth through migration inhibi-
tion, cell cycle arrest and apoptosis. In this
study, TADs had a good inhibitory effect on liver
cancer growth. The potential targets are c-Myc,
PLG and PTPRC, and mechanism which TADs
affect migration, cell cycle and apoptosis
involves the regulation of cycle proteins, prolif-
eration and cell apoptosis signaling molecules.

Through cell proliferation and colony formation
assays in vitro (Figure 2), TADs displayed good
inhibition on HCC tumor growth. To gain insights
into the mechanisms of TADs on inhibition to
HCC, microarray analysis of Agilent microarray-
based gene expression profiling was used to
screen the potential targets and signaling path-
ways. The major findings in microarray analysis
were that the differentially expressed genes
associated with growth and migration were
obtained, such as ¢-Myc, PLG and PTPRC, the
selected down-regulated genes were confirmed
by western blot (Figure 3D). The genes respon-
sible for growth, migration cell cycle and apop-
tosis were most important to match our
research goal. So we carried out potential sig-
naling molecules analysis by TADs.

Cell cycle progression is tightly related to vari-
ous cyclins and cyclin-dependent kinases
(Cdks), such as cyclin B1, cyclin D1, cyclin E and
cdk2, as well as cell proliferation [14, 29].
Induction of cell cycle arrest is an effective
method of controlling tumor cell proliferation.
Cdks are evolutionarily conserved proteins that
are essential for cell cycle control, and distinct
pairs of cyclins and cdks regulate progression
in different stages of the cell cycle. Cdks activi-
ty is regulated by cyclins, which bind to and acti-
vate the cdk [30]. Flow cytometry revealed
treatment of TADs induced an accumulation of
SMMC-7721 cells in the G1 phase of the cell

Am J Cancer Res 2015;5(3):1076-1088
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cycle and a decrease in the population of cells
in the G2-GM and S phase. Western blot assay
showed the levels of cyclin D1 protein gradually
increased with TADs at the concentrations of
6.25-25.0 yM. In contrast, the amount of cyclin
E, cyclin B1 and cdc2 was significantly down-
regulated in TADs-treated cells. These data
suggest that these cell cycle regulatory mole-
cules are involved in TADs-induced changes in
cell cycle progression. It indicates TADs could
inhibit cell growth by arresting cell cycle caused
by regulating cyclin D1, cyclin E, cyclin B1 and
cdc2 expressions.

Apoptosis is the major form of programmed cell
death plays critical roles in cancer character-
ized by a series of molecular features. It can be
triggered by diverse intracellular signals that
act upon the Bcl-2 protein family. The Bcl-2
family proteins, such as Bcl-2 and Bax, are the
best-characterized regulators of apoptosis [31-
33]. The bcl-2 family of homologous proteins
represents a critical checkpoint within most
apoptotic pathways, acting upstream of such
irreversible damage to cellular constituents,
includes both anti-apoptotic and pro-apoptotic
proteins such as Bcl-2 and Bax respectively.
The balance between these two classes of pro-
teins is critical for determines how cells respond
to apoptotic or survival signals. The data here
show that TADs-induced apoptosis is associat-
ed with up-regulation of Bad, Bak and Bax
expressions and down-regulation of Bcl-2
expression. These results support the relation-
ship that TADs induces apoptosis by regulating
the expression of bcl-2 family proteins and
c-Myc.

c-Myc is activated upon various mitogenic sig-
nals. By modifying the expression of its target
genes, c-Myc activation results in numerous
biological effects. The first to be discovered is
its capability to drive cell proliferation and
upregulate cyclins, but it also plays a very
important role in regulating cell growth and
apoptosis. c-Myc is a very strong proto-onco-
gene and it is very often found to be upregulat-
ed in many types of cancers [12, 34, 35].
Knockdown of c-Myc significantly reduced the
inhibition on the proliferation and migration of
SMMC-7721 cells by TADs (Figure 6D-G). At the
same time, the apoptosis rate (Figure 6H, 6l) of
SMMC-7721 cells also decreased. So, our
results indicated TADs downregulated c-Myc
gene and protein expressions, which contribut-
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ed to HCC cell cycle arrest and apoptosis. In
fact, there is an interrelation in the signaling
molecules of cell cycle and apoptosis with
c-Myc, PLG and PTPRC. These results support
the relationship that TADs induces apoptosis by
regulating the expression of bcl-2 family pro-
teins and c-Myc, PLG and PTPRC. We, there-
fore, concluded that the inhibiting effect of
TADs on HCC was through synthetically regulat-
ing cell cycle, migration and cell apoptosis sig-
naling molecules.

In summary, results presented in this work
demonstrate that TADs inhibits HCC growth by
downregulating the signaling of c-Myc, PLG and
PTPRC, simultaneously increasing cyclin D1
protein levels and decreasing amount of cyclin
E, cyclin B1 and cdc2 of the cycle proteins.
Furthermore, TADs reduced Bcl-2 expression,
and upregulated Bad, Bak and Bax activities.
These results support the likelihood that TADs
affects HCC growth by interfering in two essen-
tial cellular processes for tumor development:
cell proliferation (including arrest cell cycle) and
cell apoptosis. These data support the develop-
ment of TADs as a novel, multiple action growth
and migration signaling inhibitor and apoptosis
inducer.
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