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Anftiproliferative effect of Toona sinensis leaf extract
on non-small-cell lung cancer

CHIH-JEN YANG, YU-JUNG HUANG, CHENG-YUAN WANG, PEI-HUl WANG,
HSENG-KUANG HSU, MAY-JYWAN TSAI, YU-CHU CHEN, V. BHARATH KUMAR,

MING-SHYAN HUANG, and CHING-FENG WENG
KAOHSIUNG, TAIPEI, PINGTUNG COUNTY, AND HUALIEN, TAIWAN

Toona sinensis (1S), which is also known as Cedrela sinensis, belongs to Meliaceae
family, the compounds identified from this TS leaves possess a wide range of biologic
functions, such as hypoglycemic effects, anti-LDL glycative activity, antioxidant
activities, and inhibition of sudden acute respiratory syndrome (SARS) coronavirus
replication. However, their effect against cancer cells is not well explored. In this
study, to understand the cytotoxic effect and molecular mechanism stimulated by
TSL-1 (TS leaf extract fraction) we employed three different non-small-cell lung can-
cer (NSCLC) cell lines: H441 cells (lung adenocarcinoma), H661 cells (lung large cell
carcinoma) and H520 cells (lung squamous cell carcinoma). IC50 value was varied
between these three cell lines, the least IC5o value was observed in TSL-1-treated
Hé61cells. Exposure of NSCLC cells to TSL-1 caused cell-cycle arrest in subG1 phase
and caused apoptosis. Moreover, TSL-1 treatment decreased the cell-cycle regula-
tors; cyclin D1 and CDK4 proteins by up regulating p27 expression in a dose-
dependent manner. Thus, the TSL-1-induced apoptosis was further confirmed by
cell morphology, subG1 peak accumulation, poly(adenosine diphosphate (ADP)-
ribose) polymerase (PARP) cleavage, propidium iodide (Pl)-Annexin-V double stain-
ing, and terminal deoxynucleotidyl transferase-mediated dUTP nick end-labeling
(TUNEL) assay. The decreased Bcl2 protein level was concurrent with an increased
Bax protein level in all 3 cell lines. Additionally, the tumoricidal effect of TSL-1 was
measured using a xenograft model, after 5 weeks of TSL-1 treatment by various
regimen caused regression of tumor. Taken together both these in vitro and in vivo
studies revealed that TSL- 1 is a potent inhibitor against NSCLC growth and our provok-
ing result suggest that TSL-1 can be a better nutriceutical as a singlet or along with-
doublet agents (taxane, vinorelbine, and gemcitabine) for treating NSCLC.
(Translational Research 2010;155:305-314)

Abbreviations: CDK = cyclin-dependent kinase; ECL = enhanced chemiluminescence; FACS =
fluorescence-activated cell sorting; FBS = fetal bovine serum; ICsq = half maximalinhibitory con-
centration; MTT = tetrazolium dye; NSCLC = non-small-cell lung cancer; PARP = poly(adeno-
sine diphosphate (ADP)-ribose) polymerase; PBS = phosphate-buffered saline; Pl = propidium
jodide; SKOV3 = human ovarian cancer cell; RT = room temperature; TS = Toona sinensis;
TSL-1 = TS leaf extract fraction-1; TUNEL = terminal deoxynucleotidyl transferase-mediated
dUTP nick end-labeling
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AT A GLANCE COMMENTARY
Yang C-J, et al.

Background

The chemotherapeutic benefits and the prognosis
for advanced non-small-cell lung cancer (NSCLC)
remain to be promoted. Toona sinensis (TS), which
is a traditional Chinese herb, possesses a variety of
biologic functions.

Translational significance

Flow cytometry analysis showed that the TS leaf
extract fraction-1 (TSL-1) treatment induced
a G1 phase arrest in NSCLC cells and was accom-
panied by the downregulation of cyclin-D1 protein
levels. Cyclin-dependent kinase-4 (CDK4) protein
levels decreased in H441 and H661, whereas TSL-
I-treated H520 and H661 cells showed an increase
in p27 activity. TSL-1—-induced apoptosis was con-
firmed by cell morphology, subG1 peak accumula-
tion, poly(adenosine diphosphate [ADP]-ribose)
polymerase (PARP) cleavage, propidium iodide
(PI)-Annexin-V double staining, TUNEL assay,
Bcl-2, and Bax expression. Furthermore, the
tumoricidal effect of TSL-1 was confirmed by
a nude mice model. Thus, we conclude that TSL-
1 could be taken as a nutriceutical and is an effica-
cious candidate for developing an anticancer drug.

In world wide, lung carcinoma is one of the leading
causes of cancer related death in both men and women.'
Compared with the other subtype (small cell lung can-
cer), non small-cell lung cancer (NSCLC) represents
75% to 80% of all lung neoplasms. The majority of these
patients present with advanced, unresected, or metastatic
disease, and approximately 15% of unselected patients
are expected to be active for five years.' Thus the chemo-
therapeutic benefits in developing new anti-lung cancer
drugs and the prognosis for advanced NSCLC has be-
come an important and insistent issue.”

Cell-cycle is a critical regulator for cell growth and
cell proliferation following DNA damage: for proper
functioning of cell-cycle machinery; cyclin-dependent
kinases (CDKs), has to be positively regulated by cyclins
and negatively regulated by cyclin dependent kinase
inhibitors. It is well known that the drugs which target
cyclin dependent kinase can be used as a better antican-
cer agent. Now a days naturally occurring substances are
recognized as antioxidants, cancer-preventive agents, or
even as cancer therapy drugs, such as taxol” or flavopir-
idol,*® and UCN-01 (7-hydroxytaurosporine).”” Those
bioactive substances exert their anticancer activity by

Translational Research
June 2010

blocking cell-cycle progression and triggering tumor
cell apoptosis. Similarly, substances inducing G1 phase
arrest are considered a potential candidate to treat
developing cancer slowly.'"

However, chemotherapy does not substantially impro-
vise the survival of the lung cancer patients, and it is
clear that chemotherapy has reached a plateau of activity
in treating NSCLC.'"" Toona sinesis (TS) a traditional
Chinese herb leaf extract possess anti-proliferative
properties against human lung adenocarcinoma cells
(A549),12 ovarian cancer cells (SKOV3),13 and human
premyelocytic leukemia cells (HL-60)."* In a recent re-
port, it was found that TS-1 (leaf extract fraction)
could inhibit H441 cell proliferation both in vitro and
invivo."> To support the former data in the present study,
the cellular and molecular mechanisms of TSL-1 action
against human cancer cells was examined using in vitro
and in vivo models. Our results indicate that inhibition of
cell-cycle progression and induction of apoptotic cell
death contributes to the antiproliferative effects of
TSL-1 in NSCLC cells.

MATERIALS AND METHODS

Plant materials and preparation of TSL-1. The leaves
used in this study were obtained from TS grown in
Tuku (Yunlin County, Taiwan). The leaves were col-
lected and washed briskly with water; TSL-1 fraction
was extracted as mentioned in our previous study.'®

Cell viability assays. H441 (lung adenocarcinoma cell
lines), H520 (lung squamous cell lines), and H661 (lung
large-cancer cells) were obtained from the American
Type Culture Collection (Rockville, Md). H441 (1 X
10* cells/well), H520 (1 X 10* cells/well), and H661
cells (4 X 10° cells/well) were seeded in 96-well plates
and grown in RPMI 1640 medium supplemented with
10% heat inactivated fetal bovine serum (FBS), 100 U/
mL penicillin, 2 mmol/L L-glutamine, 10 mmol/L
HEPES, and 1.0 mmol/L sodium pyruvate in a 5% CO,
incubator at 37 °C overnight. The cells were then
incubated in 10% FBS media with different
concentration of TSL-1 for 24 h and 48 h. Cell growth
was estimated by a colorimetric assay based on the
conservation of tetrazolium dye (MTT) to a blue
formazan product by live mitochondria.'”

Western blot analysis. After treatment, the cells were
rinsed with ice-cold phosphate-buffered saline (PBS)
and harvested in a lysis buffer'® for 20 min on ice.
Cellular lysates were centrifuged at 12,000 X g for 10
min, and the protein concentrations of the lysates were
determined using a bicinchoninic acid (BCA) protein
assay kit (Pierce, Rockford, Ill). The procedure for
Western blot was slightly modified from our previous
study.'” The blots were incubated with various primary
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antibodies, such as cyclin D1, CDK4, p27, Bcl-2, and Bax
(Santa Cruz Biotechnology, Santa Cruz, Calif) for 1 h at
room temperature (RT), and then incubated with
peroxidase-conjugated secondary antibody for an
additional 1 h. The signals of blots were then developed
using the enhanced chemiluminescence (ECL) system
(Amersham Biosciences Corp., Piscataway, NJ).

Analysis of cell-cycle distribution. The cells were cul-
tured in the absence or presence of TSL-1 (0.5 mg/mL)
for 24 h in 10% FBS media. The cells were fixed with
95% ethanol and stained with propidium iodide (PI).
Cell-cycle distribution was analyzed by fluorescence-
activated cell sorting (FACS) flow cytometry (Becton
Dickinson, Mountain View, Calif).

Apoptosis assays. The cells were cultured in 6-well
plates in 10% FBS media and were incubated with vehicle
or different amounts of TSL-1 for 24 or 48 h. After
incubation, the detached cells were collected by
centrifugation, and the attached cells were harvested by
trypsinization. The cells were pooled and were analyzed
for degradation of PARP as described previously.'’

Measurement of apoptosis by flow cytometry. After
treatment, Annexin-V (Annexin V-FITC, 1 wug/mL;
Strong Biotech, Taipei, Taiwan) staining was performed
to detect apoptotic cells. The cells were washed with
cold HEPES buffer (10 mmol/L HEPES/NaOH, pH 7.4,
140 mmol/L NaCl, 5 mmol/L CaCl,) and centrifuged at
1500 X g for 10 min. The cell pellets were resuspended
in 100 uL of staining solution (2 uL. Annexin-V-fluos
and 20 uL PI in 100 uL HEPES buffer) and incubated
for 10-15 min at RT in darkness. Annexin-V or PI
fluorescent intensities were analyzed by flow cytometry,
and 10,000 cells were evaluated in each sample.

Terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling (TUNEL) assay. The TUNEL assay was

used to detect DNA strand breaks. Detection was carried
out according to the instructions of the TACS™2 TdT-
DAB [In Situ apoptosis detection kit (Trevigen,
Gaithersburg, Md). Briefly, the cells were rinsed once
with PBS and fixed in 4% buffered formaldehyde at RT
for 5 min. The fixed sections were pretreated with 3%
H,0,, and end labeling was performed with TdT
labeling reaction mix at 37 °C for 1.5 h. Nuclei
exhibiting DNA fragmentation were visualized by
incubation in 3’, 3-diamino benzidine DAB for 1-3 min.
Lastly, the sections were counterstained with methyl
green and observed by optical microscope (Zeiss
Axiovert100M; Carl Zeiss, Oberkochen, Germany). The
nuclei of the apoptotic cells were stained dark brown.
Nude mice experiments. Animal experiments were
performed according to the guidelines set by our institute
(Guide for Care and Use of Laboratory Animals,
Kaohsiung Medical University). Male BALB/cA-nu
nude mice (8 wks old) were housed in pathogen free bar-
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Fig 1. The cell viability of NSCLC cells after TSL-1 treatment. (A)
The dose response of TSL-1 extract (0.125-1 mg/mL) on H441,
H520, and H661 cells after 24 and 48 h treatment was assessed by
MTT. (B) Percentage of survival rate for 24 h was calculated between
0.5 mg/mL of TSL-1 treatment and control. The data are presented as
mean * SD from three different experiments. **P < 0.01 represents
the level of significance differences between control and TSL-1
treatments.

rier facilities. Tumors were induced by subcutaneous (sc)
injection of H441, H520 and H661 (2X 107 cells in 0.1
mL of PBS each cell line) on the right flank. Tumors
(visualized as small nodules at the sites of injection)
appeared after 14 days of H441 cells injection. Tumor
bearing nude mice were randomly distributed into 4
groups (n = 7). Mice in the TSL-1 treated group were
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Fig 2. The alterations of cell cycle after TSL-1 treatment on various types of NSCLC. Arrest of H441, H520, and
H661 cells in the subG1 and G1 phase of the cell cycle after treatment with TSL-1 (0.5 mg/mL) for 24 h was assayed
by propidium iodide staining and FACS analysis. The data are presented as mean = SD from 3 different experi-
ments. **P < 0.01 represents the level of significance differences between control and TSL-1 treatments. (Color

version of figure is available online.)

PO injected with both i) low dosage (1 g/kg Bwt TSL-1),
ii) high dosage (5 g/kg Bwt TSL-1), and iii) mice treated
with high dose of TSL-1 by i.p (50 mg/kg Bwt TSL-1).
The control group was treated with an equal volume of
vehicle (double distilled water, DDW).

In another set of experiments, the animals were pre-
treated with vehicle or TSL-1 for 35 days. For the thera-
peutic or preventive experiments, tumors were induced
by subcutaneous (sc) injection as mentioned above. After
14 days of injection, nude mice bearing tumors were ran-
domly distributed into 3 groups: the control group, which
received the vehicle (DDW), where as in TSL-1 received
groups (1 g/kg Bwt) were further treated for 42 days (1)
mice pretreated with TSL-1 were post treated with DDW
and other group (2) post treated with (1 g/kg Bwt) TSL-1.
After transplantation, tumor size was measured using cal-
ipers and tumor volume was estimated according to the
formula:

Tumor volume = larger diameter L X small
diameter?/2.

Statistical analysis. Data are presented as mean * stan-
dard deviation for the indicated number of separate exper-
iments. Analysis of variance (ANOVA) was followed by
Dunnett’s test for pair wise comparisons. Statistical signif-
icance was defined as P-value less than 0.05 in all tests.

RESULTS

Cytotoxicity of TSL-1 on the 3 lung cancer cell
lines. NSCLC cells were treated with or without TSL-1

for different time points; ICsq values of TSL-1 treated
tumor cells for 48 h were, 0.20 mg/mL for H441 cells,
0.25 mg/mL for H520 cells, and 0.12 mg/mL for H661
cells, respectively. Compared with the 24 h time point,
48 h treatment showed better inhibitory effect in all 3
lung cancer cell lines. Among the 3 cell lines, H661-
treated cells displayed a lower ICsq value (Fig 1, A and
B). These experiments showed that TSL-1 could
induce high cytotoxicity against NSCLC cells.

Effects of TSL-1 on cell-cycle distribution and cell-cycle-
related proteins. To examine the underlying mechanism



Translational Research
Volume 155, Number 6 Yang etal 309

A H441 B
D A e D1

| m— actin

H441

- o

S actin

——
u §H. 0B

TSLAGSmh)  TSL-1 (1.0mghm)

Reldive density
o B EBBEN

control TSL-1(0S5mgiml ) TSL-1(10mgs/mi )
HS20
HS20 cdk 4
S — e D) actn
actin 1

c B B5BEER

120
b £
5
E e 3
5]
= 2 e g
8 .
o control TSL-W05mgmi) TSL-1(1.0mg/mi)
cortrol TSL-10.5mgsml ) TSL-1(1.0mgsnl)
H661
OO N — e ik 3
| ecsm— s — —— 1L

— ——— 3¢ T

120 120

100 1 **x

20 mo

ee e g = *k

: H - : -
a ]

cortral TSLAO.Smgsml ) TS L1 .Ormgsmi ) cortrol TSLA@.Smgimi)  TSL-1{1. ormgdrmi)

Relafive density
Relative densty

H441

c p—— T

—_——— T S -ctn

‘A nm

a

Relitive densty
R EREE]

T SL- 1 (0. Sxrng /vl TSL- 1 (1.0mngfrnl)
HS20
D R T
| — — actin
1m0 *
160 -
¥ l2e
£ 100
5 mo
&0
E a0
20
o
conmtrol TSL-1¢0 TEL-1¢1 ™ 1y
H661
—— p27

— ——— —— actin

180 A
140
120
100
&0
a0
20
o

sontral TSL-1{0.Srmgirmid)  TSL-1(1.0rmg i)

Relative density
a
o

Fig 3. The effect of TSL-1 in NSCLC cells on cell-cycle-related molecules. The alterations of (A) cyclin D1, (B)
CDK4, and (C) P27 after TSL-1 treatment (0.5 and 1 mg/mL) for 24 h were assessed using Western blotting. All
bands present in the different panels are the typical picture as a representative one. The data are presented as mean *
SD from 3 different experiments. *P < 0.05; **P < 0.01 represents the level of significance differences between
control and TSL-1 treatments.
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Fig 5. Bcl-2 families of proteins are involved in TSL-1-induced apoptosis. Expression of Bcl-2 family proteins,
H441, H520, and H661 cells were treated with 0.5 or 1 mg/mL of TSL-1 for 24 h. All proteins were extracted,
and the levels of Bcl-2 and Bax expression were analyzed using Western blotting.

for TSL-1-mediated cell proliferation inhibition, cell-
cycle distribution was evaluated using flow cytometric
analysis. TSL-1-treated NSCLC cells showed a signifi-
cant increase in the G1-phase compared with the control
group (Fig 2). Next, we analyzed the effect of TSL-1 on
cell-cycle proteins; the result showed that TSL-1 could
inhibit cyclin D1 and CDK4 protein levels in all 3
NSCLCs, thereby upregulating the p27 expression level.
The decrease in both cyclin D1 and CDK4 coupled with
an increase in p27 was more significant in H661 cells
when compared with the other 2 cell lines (Fig 3).
Thus, TSL-1 treatment induced G1 cell-cycle arrest
was associated with the result of cell-cycle—related pro-
teins.

Apoptotic effect of TSL-1 on the 3 cancer cell lines. Four
separate assays were applied to investigate the induction
of apoptosis in NSCLC by TSL-1 treatment (Fig 4). The
cells were treated for 48 h with 0.5 mg/mL TSL-1 and
were analyzed for apoptosis by the TUNEL, cell
morphology, subG1 peak accumulation, the cleavage
of PARP, and PI-Annexin-V double staining.

Cell morphology was determined to analyze the effect
of treatment in inducing apoptosis in both untreated and
TSL-1-treated NSCLC; apoptotic bodies were observed
and some substances in the cytosol were released to the
media with a time-dependent effect (Fig 4, A). TSL-1
treatment induced apoptosis as shown by the TUNEL as-
say (Fig 4, B). These apoptotic features observed in the
TSL-1 treated cells include brown-stained fragmented
nuclei, irregular-shaped cells, and irregular cytoplasmic
membranes. In addition, the percentage of Annexin
V-positive cells, which is indicative of early apoptosis,
increased from 4.2% in the control to 12.9% in TSL-
1-treated H441 cells; similarly, an increase of apoptosis
from 0.2% in the H520 and H661 control cells to 14.9%
to 23.2% of TSL-1-treated cells was observed. More-

over, TSL-1 treatment increased the percentage of cells
positive for both Annexin V and propidium iodide (hall-
marks of late apoptosis) from 0.2% in the controls to
0.2%, 3.2%, and 8.3% in H441, H520, and H661 cells,
respectively (Fig 4, C). A Western blot analysis was
performed to evaluate the activation of PARP down-
stream of the mitochondria-mediated apoptotic pathway.
From (Fig 4, D). we observed an increase in 85- kDa
cleavage product with respect to TSL-1 concentration.
This result was consistent with all the 3 cell lines used.
Taken together, we conclude that TSL-1 induces the
apoptosis on NSCLC cells.

Effects of TSL-1 on Bcl-2 family proteins. It is well known
that Bcl-2 family members can induce or inhibit apopto-
sis. Western blot analysis showed that with increase in
TSL-1 concentration decreased Bcl-2 proteins expres-
sion in all the 3 cell lines. At the same time TSL-1 treated
H441, H520 and H661 cell lines showed increased Bax
protein levels when compared with their respective con-
trol (Fig. 5). These results indicate that Bcl-2 protein
family might involve in TSL-1 mediated apoptosis.

TSL-1 inhibits tumor growth in nude mice. To understand
the effect of TSL-1 on NSCLC cells, equal number of
H441, H520 and H661 cells were injected on the right
flank of nude mice, tumor was (visualized as small
nodules at the sites of injection) appeared after 14 days
of H441 cells injection; but the other 2 cell lines failed
to induce tumor formation. Compared with the control
(5.87 * 1.13 X 10> mm?), TSL-1 treatment (intraperito-
nial) for 35 days showed reduction in tumor size (0.38 =
0.06 X 10° mm?®). Similar result was found when low
(2.03 * 0.12 X 10> mm®) and high dose (1.24 +
0.15 X 10° mm?®) of TSL-1 was administrated via p.o
(Fig. 6A). These results revealed that TSL-1 caused
tumor shrinkage in a dose dependent manner. To test
the preventive effects of TSL-1 on tumor formation,
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TSL-1. (A) Nude mice were inoculated with adenocarcinoma (H441)
NSCLC cells on the right flank of skin. The control group received dou-
ble distilled water (vehicle), and other group received 3 different TSL-1
treatments for 35 days. Group 1 mice were treated with a low dose (1 g/
kg body weight [Bwt]) of TSL-1 via PO; group 2 mice were treated
with a high dose (5 g/kg Bwt) of TSL-1 via PO; and group 3 mice
were treated with a high dose (50 mg/kg Bwt) of of TSL-1 intraperito-
neally. (B) Nude mice were pretreated (PO) with TSL-1 or vehicle
(DDW) for 30 days; the nude mice were then inoculated with adenocar-
cinoma (H441) through the skin after tumor formation control groups
received distilled water for 42 days, where as the other 2 groups
were treated for an additional 42 days as follows: group a: TS-DW re-
ceived double distilled water and group b: TS-TS received 1 g/kg Bwt
of TSL-1 for an additional 42 days. The data are presented as mean *=
SD (n = 7). **P < 0.01 represents the level of significance of differ-
ences between control and TSL-1 treatment. *P < 0.01 represents the
level significant of differences between groups a and b at 42 days.

mice were pretreated with vehicle (Control) or TSL-1 for
30 days and then inoculated with H441 cells. These
groups were further treated using distilled water or
TSL-1 for an additional 42 days and were observed for
tumor shrinkage. Compared with the control [distilled
water (Control)] tumor volume (3.13 = 0.32 X 10°
mm®), pretreatment with TSL-1 and posttreatment with
distilled water showed reduction in tumor volume by
094 = 0.21 X 10° mm3), where as in both pre and
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post treated mice with TSL-1 showed reduction in the
tumor size to (0.32 + 0.13 X 10° mm°®) (Fig. 5 B). No
hepatic, kidney and renal toxicity were observed in
TSL-1 administrated mice (Po and IP) (data not shown).

DISCUSSION

Chemotherapy is usually the best choice for treating
late-stage NSCLC; however, the appearance of chemo-
therapeutic drug resistance results in a poor remedy
and low survival rates.'® The application of Chinese
herbs or medicines to treat malignant diseases has dra-
matically increased in recent years. In this article,
TSL-1, the extract from TS leaves, demonstrated anti-
proliferative activity by inducing apoptosis in 3 NSCLC
cell lines. A variety of phytochemical components has
been isolated and characterized from TS Ileaves,
including gallic acid, methyl gallic acid, 3-O-b-D-(60-O-
galloyl)-glucopyranoside, 4-O-b-D-(60-Ogalloyl)-gluco-
pyranoside, methyl gallate, ethyl gallate, kaempferol,
kaempferol-3-O-b-glucoside, quercitrin, quercetin-3-O-
b-glucoside, rutin and catechin; furthermore, poly-
phenols, limonoids, and methyl gallate found to have
antioxidant activities to inhibit lipid peroxidation."
Gallic acid, which is 1 of the major compounds found
in TSL-1, has anti-inflammatory, antimutagenic, and
anticarcinogenic effects, and it has been found to induce
apoptosis in cancer cells through antioxidation.’*!
Other bioactive components of TS, such as methyl
gallate,22 limonoids,23 and catechin,24 are also shown to
have anticancer effects. A recent study indicates that
TSL-1 extract in tumor accumulated nude mice showed
tumor shrinkage.'” TS leaves can provide an antioxida-
tive capability by decreasing reactive oxygen species
damage, and it subsequently induces tumor cell apopto-
sis. Our results strengthen the potential of TSL-1 as
a new alternative medicine for anticancer therapy.

The current study shows that tumor cells are signifi-
cantly more sensitive to chemotherapeutic agents when
treated with TSL-1; differences in half maximal inhibi-
tory concentration (ICsy) of TSL-1 were observed
among 3 NSCLC cell lines, of which H661 had the low-
est concentration of ICs(. This result could be caused by
the different cell line characteristics. To test the underly-
ing mechanism of cell growth inhibition by TSL-1 treat-
ment in relation to cell-cycle change, we performed
a cell-cycle analysis in TSL-1-treated cells with
a 0.5-mg dose of TSL-1 induced subG1/G1 phase arrest
in all 3 cell lines. Therefore, the subG1/G1 phase arrest
of the cell cycle can be considered as a pathway to sup-
press the growth of NSCLC cells. A similar phenomenon
of sub G1 phase arrest has been demonstrated in TSL-
1-treated H441 cells.'> From this result, it is evident
that the specificity of cell-cycle arrest by TSL-1 depends
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on differences in cell types, TSL-1 dosage, and exposure
time.

The cell-cycle arrest in TSL-1-treated NSCLC cells
was accompanied by the alteration of cell-cycle—
regulated proteins. Agents that inhibit CDK activity or
alter its levels could cause cell-cycle arrest, and this strat-
egy is important for the potential use of novel anticancer
drugs. CDKs and cyclins are major molecules required
for proper cell-cycle events.” Each cyclin/CDK com-
plex phosphorylates a unique set of substrates required
for continued cell-cycle progression.”® Among the
CDKs that regulate the cell cycle, CDK2, CDK4, and
CDKG6 are activated in association with D-type cyclins
or cyclin E during the progression of G1 and the G1-S
transition. We found that the expressions of these
CDK4 were decreased significantly in H661 compared
with the other 2 cell lines. The overexpression of cyclin
D1 has been found in various types of cancer, including
lung cancer, hepatoma, breast cancer, uric bladder can-
cer, and esophageal cancer.”’ The increased expression
of cyclin D1 plays a critical role in tumor development
and maintenance of malignant phenotype.”® Patients
with cyclin D1-positive tumors had shorter survival
than those with cyclin DI-negative tumors (5-year
survival rates at 48% and 74%, respectively).”” The
treatment of NSCLC cells with TSL-1 resulted in the
downregulation of cyclin D1 and CDK4 in a dose-
dependent manner by increasing the expression of
cyclin-dependent inhibitor p27, which was consistent
with the cell-cycle analysis.

Morphological changes of apoptosis are considered to
be the results of complex cellular biochemical path-
way;  this apoptosis machinery can be initiated by mul-
tiple pathways using different initiating events and
insults.’ In this study TSL-l-induced apoptosis in
H441, H520, and H661 was further confirmed by mor-
phologic study, phosphatidylserine externalization,
PARP cleavage, and TUNEL assay. In fact, the presence
of cleaved PARP is one of the most utilized diagnostics
for the detection of apoptosis in many cell types.>” In
particular, the 24-kDa fragment, which contains the
DNA binding domain, may facilitate the apoptotic pro-
cess by blocking the access of DNA repair enzymes to
the fragmented chromatin.>® TSL-I1—treated H441,
H661, and H520 cells showed the induction of a cleaved
24- and 85-kDa DNA fragment, in addition to PARP
cleavage; a down stream of mitochondrial mediated ap-
optosis pathway, we also observed that TSL-1 treatment
in all the 3 cell lines decreased its Bcl-2 protein expres-
sion there by increasing Bax protein levels. Similarly,
Yang et al reported TSL-1 induced Bcl-2 dependent
mitochondrial pathway in H441 treated cells.'?

To confirm the inhibitory effect of TSL-1 against
NSCLC, we induced H441, H661 and H520 cells by
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subcutaneous injection in athymic nude mice. Except
H441 cells; the other 2 failed to induce cancer in nude
mice. In our study, various regimen and administrations
(per o or i.p.) of TSL-1 in nude mice caused tumor
shrinkage in contrast with the mice treated with vehicle
alone. Thus TSL-1 exhibited anti-proliferative and anti-
tumorogenic effects without any renal and hepato-
toxicity. In vivo studies further confirm that TSL-1 is
safe'® and are effective anti-proliferative compound'’
as a complimentary and alternative medicine.
Conclusively, the current study demonstrates that
human NSCLC cell lines became sensitive to TSL-1
treatment in both in vitro and in vivo models. These find-
ings suggest that the extracts of TS could be taken as
a nutriceutical to prevent cancer or may be a promising
chemopreventive agent against human NSCLC.
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