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The present study examined the cytotoxic effects of a Smilax china L. extract (SCLE) in human cancer 
(A-549, MCF-7, MDA-MB-231, U87-MG, AGS, MKN-74, and SNU-601) and normal MRC-5 fibroblasts, 
as well as in mesenchymal stem cells derived from dental tissue (DSC). The 50% inhibitory concen-
tration (IC50) values for SCLE were significantly (p<0.05) lower in the cancer cell lines (A-549, MCF-7, 
MDA-MB-231, U87-MG, AGS, MKN-74 and SNU-601) than in the MRC-5 and DSC cells. Cell growth 
was significantly (p<0.05) more inhibited in the cancer cell lines treated with 200 μg/ml SCLE than 
in the normal MRC-5 and DSC, and anoikis-like floating cell morphology was observed in the 
SCLE-treated cancer cells. The cells detached by SCLE treatment were retrieved daily and assayed for 
viability and telomerase activity. Cells retrieved at 4 days showed significantly decreased viability and 
telomerase activity (p<0.05), as well as apoptosis-like abnormal morphology, when compared to cells 
retrieved in the previous 3 days. The ratio of apoptosis and cells in the G1 phase was significantly 
(p<0.05) increased in the A-549, AGS, and MCF-7 cancer cells treated with SCLE for 4 days compared 
to untreated controls. However, after SCLE treatment, cell adhesion was not increased by application 
of an inhibitor of the associated protein kinase (ROCK) that mainly contributes to the increase in cell 
attachment. This suggests that the cellular detachment by SCLE is probably controlled by a Rho-in-
dependent mechanism(s). These observations indicate that SCLE readily induces anoikis in cancer cells 
and could serve as a potent agent for cancer chemotherapy. 
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Introduction

The benign tumor is a cell mass that is caused by abnor-

mal cell growth, and can be easily removed by surgical 

treatment. However, the tumor cells are converted to cancer 

cells by the more accumulation of the cellular alteration, 

such as genetic modification with carcinogen. Thus, cancer 

cells are generally characterized by an un-controlled cell 

growth and cell division, and the overgrowing cancer cells 

can form a huge cell mass in the tissue. Further, the cancer 

cells can invade into neighboring tissues or spread into oth-

er new secondary tissues of the host body, as per blood-

stream or lymph system, as called to metastasis, and the 

metastasized and invaded cancer cells are survived in the 

secondary tissue, unlike normal cells and tissues [16]. The 

high mortality rates by various types of cancer diseases are 

generally associated with tissue invasion by the metastasis 

of cancer cells [17]. The cellular and molecular mechanisms 

converting into the cancer cells with metastasis capacity 

from primary tumor cells are still unclear, however, the 

processes of metastasis are included in loss of cell-to-cell 

interaction and adhesion, increased cell motility and in-

vasion into surrounding tissues and circulation system, and 

high survival and proliferation of the moved cancer cells 

in the new tissue sites [43]. 

The adhesion of cells to neighboring cells and tissues, 

basement membranes or extracellular matrix (ECM) is in-

evitably necessary for normal cell growth of most of the 

animal cells, including human. The cell adhesion is mainly 

mediated with integrin proteins on the cell surface and actin 

filament via Rho signal pathway and high expression of 

Rho activity is induced to rounded cell shape by loss of 

cell adhesion [12]. However, the inappropriate cell adhesion 

by loss of cell contact mediated by integrin and actin fila-

ment leads to cellular apoptosis, as called anoikis [12, 13]. 
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The cell death by anoikis in the other tissues is important 

to remove the cells which are located in incorrect position. 

While the tumor cells are gradually changing into the malig-

nant cancer cells, the cells acquire the capacity to resist anoi-

kis cell death and survive at circulation system and metasta-

sized to others sites without undergoing anoikis cell death 

after detachment from their primary site [41]. And the cell 

death by anoikis pathway is also induced by intrinsic and 

extrinsic pathway, and BCL-2 family and cytochrome C in 

mitochondria are key proteins [36]. It has been demon-

strated in comparison to normal somatic cells, cancer cells 

are resistant to anoikis induced cell death [23, 37]. However, 

the attachment of malignant cancer cells with resisting anoi-

kis is also necessary for their growth and survival in the 

metastasized new site or tissue, and the detached and float-

ed cancer cells results in the cell death by anoikis during 

cancer treatment. However, chemicals and drugs induced 

anoikis cell death is one of the example among various can-

cer chemotherapies [23, 37]. 

Since thousands of years, plants and herbs derived nu-

merous compounds and drugs have been used to treat vari-

ous human diseases, including cancer. It has been widely 

observed that glycoside compounds e.g. amygdalin (cyano-

genic glycoside) and saponins are useful chemicals for che-

motherapy treatment and prevention of different kinds of 

cancer. Moreover, natural plants derived various types of 

polyphenols or taxols have also been used as anticancer 

agents for treating cancer [4, 26, 34]. Smilax china L. is a 

climbing plant species that grows in some parts of east Asia, 

including Korea, China, Taiwan and Japan. Its root extracts 

have traditionally been prescribed as an alternative drug 

for treatment of rheumatic arthritic and inflammatory dis-

eases [10]. Recently, Smilax china L. extract (SCLE) have 

shown anti-tumor effects by inhibiting nuclear factor-κB in 

A2780 ovarian cancer cells [20]. Further, it was suggested 

that inhibition of cancer metastasis is probably induced by 

modulation of ECM degradation in MDA-MB-231 breast 

cancer cells [35]. However, the anti-tumor and/or anti-meta-

stasis effects by treatment of SCLE in various human cancer 

and normal cells are still not fully investigated. 

To further evaluate the anti-tumor effects of SCLE, the 

human cancer and normal cell lines derived from various 

origins were exposed to Smilax china L. extract, and the con-

centration of treatment was determined with the half max-

imal inhibitory concentration (IC50) values. Under estab-

lished concentration of treatment, the effect of the extracts 

on the fundamental cell properties, including cell pro-

liferation, cell morphology status and telomerase activity 

was investigated in the human normal and cancer cell lines 

of various origins. Further, the frequency of cellular apopto-

sis and cell cycle phase was investigated by flow cytometry 

after exposure of SCLE. And, the effects of Rho signal path-

way that most importantly regulates cell adhesion, was also 

examined in the cancer cells after administration of SCLE.  

Materials and Methods

Culture and treatment of cells 

All media and chemicals for cell culture were purchased 

from Thermo Fisher Scientific (USA) and Sigma Chemical 

Company (USA), unless otherwise specified. The cancer cell 

lines, including A-549 lung adenocarcinoma, MCF-7 breast 

adenocarcinoma, MDA-MB-231 breast adenocarcinoma, U87- 

MG brain glioblastoma astrocytoma, AGS stomach ad-

enocarcinoma, MKN-74 stomach adenocarcinoma, SNU-601 

stomach carcinoma cancer cell lines and normal MRC-5 fetal 

lung fibroblasts were purchased from the American Type 

Culture Collection (USA). Additionally, mesenchymal stem 

cells derived from papilla and pulp tissues of the third mo-

lar tooth (DSC) at passage 5 were also used as per pre-

viously described studies [21, 22, 30]. All types of cells were 

cultured in advanced-Dulbecco's modified eagle medium 

(A-DMEM) supplemented with 3% fetal bovine serum (FBS) 

and 1.0% penicillin (10,000 IU/ ml)-streptomycin (10,000 μg/ 

ml). The SCLE used in this research was obtained from 

Korea Plant Extract Bank at the Korea Research Institute 

of Bioscience and Biotechnology (Daejeon, Korea) and the 

extract was dissolved at 1 mg/ml in dimethyl sulfoxide 

(DMSO) and each treatment concentration was freshly pre-

pared by adding extract stock in basic culture medium. The 

cell culture for each treatment was accomplished in a hu-

midified atmosphere of 5% CO2, incubator at 37.5℃. 

Determination of IC50 by MTT assay

The values of half maximal inhibitory concentration (IC50) 

against SCLE were estimated by 3-(4,5-dimethyl-2-thia-

zolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) assay in 

the cancer and normal cell lines of various origins. In Brief, 

each of normal and cancer cells were implanted into a 

6-well plate at the density of 5×104 cells per well using com-

plete A-DMEM media containing 0 (control), 25, 50, 100, 

200 and 300 μg/ml SCLE and cultured at 37.5℃ in a hu-
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midified atmosphere of 5% CO2 in air for 7 days. The treat-

ed cells were rinsed with Dulbecco's phosphate buffered 

saline (D-PBS) for 3 times, and 1 ml of 5 mg/ml MTT stock 

solution was added into each well for formation of for-

mazan by mitochondrial reductase. Following incubation at 

37℃ for 4 hr, MTT stock solution was removed and each 

well was again washed thrice with D-PBS, the crystalized 

formazan was resolved with 300 μl DMSO for 15 min at 

room temperature. After retrieval of resolved formazan into 

a new read plate, intensity of formazan was measured with 

an ELISA micro plate reader (Perkin Elmer, USA) at 570 

nm wavelength. The survival rate of untreated controls was 

calculated as 100% for comparison with the each treatment 

group of at least three replications, and the IC50 value was 

then calculated in each of cell lines. 

      

Analysis of growth inhibition by PDT 

The effect of SCLE on cell growth and proliferation was 

analyzed with the evaluation of population doubling time 

(PDT) assay using cell counting in the cancer and normal 

cell lines of various origins. Following determination of IC50 

value, the treatment concentration of the SCLE was de-

termined as 200 ug/ml in treatment groups, compared to 

those of untreated controls. The each of normal and cancer 

cells were transplanted at the cell density of 1×104 cells/well 

into a 6-well plate containing basic A-DMEM cell culture 

media supplemented with 0 μg/ml (untreated control) and 

200 μg/ml of SCLE, respectively, and cultured at 37.5℃ 

in a 5% CO2 incubator for 7 days with changing each cell 

culture media every 3 days. After treatment of SCLE in the 

each media, cells were harvested with 0.25% trypsin EDTA 

solution treatment and the cell number was measured with 

a hemocytometer. The PDT was calculated following for-

mula: PDT = duration × log(2)/log (final concentration)−

log(initial concentration). 

Analysis of cell morphology and viability in detached 

cells

Following administration of SCLE, the cells were exam-

ined under an inverted microscope (Nikon, Japan) equipped 

with CCD image system. Most of the cells were not attached 

to the culturing plate and were floating. And the viability 

of the detached cells was important for the evaluation of 

treatment day(s) along with determination of IC50 value and 

analysis of growth inhibition. The viability of detached and 

floated cells was investigated in the A-549, AGS and MCF-7 

cancer cell lines. After treatment with SCLE, the detached 

and floated cells were daily harvested up to 6 days, and 

the cells were cultured in the fresh medium. And the cell 

viability along with exposed day(s) was then carried out 

with MTT assay, as described above. 

Analysis of TERT expression and telomerase activity 

The expression level of telomerase reverse transcriptase 

(TERT) related to telomerase activity was analyzed by re-

verse transcription polymerase chain reaction (RT–PCR) 

assay in both the untreated control and SCLE-treated A-549, 

AGS and MCF-7 cancer cells. Briefly, the total RNA was 

extracted with Ribospin extraction kit (GeneAll, Korea), as 

per the manufacturer’s instructions. 1 μg of total RNA was 

converted to cDNA using RTase kit (Qiagen, USA) and the 

expression level of transcripts was analyzed using Rotor 

Gene Q (Qiagen, USA), real-time PCR machine. Each PCR 

tube in 20 μl of reaction containing 2 μl of cDNA sample 

was amplified with each primer. The primer sequences for 

TERT and glyceraldehyde 3-phosphate dehydrogenase 

(GAPDH) was described in the early study [21]. The ampli-

fication protocol of PCR was consisted of denaturation for 

15 s at 95℃, annealing for 10 s at 55℃ and extension for 

16 s at 72℃ in 35 cycles and expression level was relatively 

quantified by analysis of threshold value (Ct value) using 

Rotor Gene Q software (Qiagen, USA), based on the ex-

pression level of a reference gene, GAPDH.

Analysis of cell cycle and apoptosis by flow cy-

tometry   

Following treatment of 200 ug/ml SCLE in the A-549, 

AGS and MCF-7 cancer cell lines, the rate of cellular apopto-

sis by anoikis and cell cycle was analyzed by flow cytometry 

(BD Bioscience, USA) according to previously published 

protocols [20, 22]. Briefly, the cells were harvested with 

trypsinization and centrifugation. The rate of apoptotic cells 

was examined with flow cytometry using a fluorescein iso-

thiocyanate (FITC) Annexin V Apoptosis Detection Kit (BD 

Bioscience, USA) following the manufacturer’s instructions. 

Briefly, the cells were collected, washed with cold D-PBS 

and suspended with 1× binding buffer. The phosphati-

dylserine on the cell membrane and nuclei were respectively 

stained with FITC-conjugated Annexin V for 15 min at 25 

℃ in darkness. After being supplemented with additional 

1× binding buffer, the cells were immediately sorted with 

flow cytometry using 488 nm laser excitation and fluo-
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rescence emission at 530 nm (FL1) and >575 nm (FL3). At 

least 50,000 cells per sample were carried out in triplicate 

and the ratio of apoptosis was analyzed with cell Quest 

Pro software (BD Bioscience, USA). For cell cycle, the cells 

were also harvested, washed with D-PBS and fixed with 

70% ethanol for 30 min at 4℃. The nucleic DNA of cells 

was subsequently stained with 50 μg/ml and propidium 

iodide (PI) stock solution for 30 min at 25℃. The phase 

of cell cycle was classified into G1, S and G2/M as per DNA 

content of each cell. 

Analysis of Rho-associated protein kinase inhibitor 

effect on cell adhesion 

The Rho-associated protein kinase (ROCK) is a main reg-

ulator for cell adhesion and Y-27632 is widely used for in-

crease of cell adhesion by ROCK inhibition. The rounded 

and floated cells were simultaneously and respectively treat-

ed with SCLE and Y-27632, and the effect of Rho signal 

pathway on cell detachment was examined in the SCLE- 

treated A-549, AGS and MCF-7 cancer cell lines. The A-549, 

AGS and MCF-7 cancer cells were cultured in the fresh me-

dium, SCLE-added medium, Y-27632-added medium, and 

SCLE-added medium with Y-27632, respectively. The cells 

were also observed under an inverted microscope (Nikon, 

Japan) equipped with CCD image system. Further, ex-

pression level of cell adhesion-related transcripts, RhoA and 

RhoC was investigated in the A-549, AGS and MCF-7 cancer 

cells treated with SCLE. The PCR protocol was mentioned 

above. The primer sequences for RhoA and RhoC was de-

scribed in the early study [28]. The expression level was 

relatively quantified by analysis of threshold value (Ct val-

ue) using Rotor Gene Q software (Qiagen, USA), based on 

the expression level of a reference gene GAPDH. 

Statistical analysis 

Each treatment group was independently carried out for 

at least three replicates, and one representative figure was 

shown among repetitive treatments. All data are expressed 

as mean ± standard error of the mean (mean ± SEM). The 

significance of the statistical differences in the acquired data 

was computed by one-way analysis of variance (ANOVA) 

using SPSS statistics software (version 15.0, IBM, USA). The 

results were considered to be significant when p<0.05. 

Results

Determination of IC50 value by MTT assay

The cytotoxicity and IC50 values by treatment of SCLE 

was determined with MTT assay in the normal and cancer 

cell lines, including A-549, MCF-7, MDA-MB-231, U87-MG, 

AGS, MKN-74, SNU-601, MRC-5 fibroblasts and dental tis-

sue-derived mesenchymal stem cells (DSCs), as shown in 

Fig. 1. The mean IC50 value (mean ± SEM) in three replicates 

was 222±13.5, 165±22.9, 211±31.1, 198±10.9, 231±15.8, 147± 

6.8, 251±35.6, 784±45.8 and 886±61.3 μg/ml in the A-549, 

MCF-7, MDA-MB-231, U87-MG, AGS, MKN-74, SNU-601, 

DSCs and MRC-5 fibroblasts, respectively. The IC50 values 

in the cancer cell lines such as A-549, MCF-7, MDA-MB-231, 

U-87 MG, AGS, MKN-74 and SNU-601 was found to be 

at the concentration of approximately 200 μg/ml extract 

however, the IC50 values for normal cell lines, such as MRC- 

5 fibroblasts and DSCs was found to be four times higher 

i.e. 800 μg/ml extract, than cancel cell lines. Therefore, the 

IC50 values in the normal cell lines were significantly (p< 

0.05) higher, compared to those of cancer cell lines. 

Analysis of population doubling time (PDT)

After determination of the IC50 values, the cancer and 

normal cell lines were cultured in the media containing 200 

μg/ml of SCLE. During treatment of SCLE, a lots of cells 

were not attached and floated in the cell culture flask, and 

the number of detached cells dramatically increased in the 

cancer cell lines, as shown in Fig. 2. Further, the cell number 

was investigated and PDT was calculated in each of the 

cell lines treated with 200 μg/ml of SCLE for 7 days, and 

PDT was compared to those of untreated controls. The re-

sults was shown in the Fig. 3. The mean PDT in the un-

treated control A-549, MCF-7, MDA-MB-231, U87-MG, AGS, 

MKN-74 and SNU-601 cancer cells was 26.9±3.33, 52.4±2.56, 

45.2±3.67, 55.3±4.45, 35.1±3.22, 65.5±5.56 and 59.2±3.23, re-

spectively. However, the mean PDT in the SCLE-treated 

A-549, MCF-7, MDA-MB-231, U-87 MG, AGS, MKN-74 and 

SNU-601 cancer cells was 46.2±3.67, 82.9±4.89m 63.4±4.15, 

80.3±5.22, 60.1±2.45, 110,0±4.89 and 79.5±4.11, respectively. 

In the cancer cell lines, PDT was significantly (p<0.05) in-

creased by decrease in cell proliferation rate after treatment 

of SCLE. Further, the mean PDT in untreated normal DSCs 

and MRC-5 fibroblasts was 32.7±2.24 and 43.3±1.34, re-

spectively, whereas the mean PDT in SCLE -treated normal 

DSCs and MRC-5 fibroblasts was found to be 34.4±3.47 and 
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B

Fig. 1. Analysis of cell cytotoxicity by MTT assay and determination of IC50 values in cancer cell lines (A-549, MCF-7, MDA-MB-231, 

U87-MG, AGS, MKN-74 and SNU-601) and normal cell lines (DSC and MRC-5) treated with SCLE. A: Inhibition curves 

of cell growth by MTT assay in each cell line. Figures shown are representatives of three independent experiments. B: 

Mean IC50 values of each cell line in triplicate. a, b, c, d and e indicate significant (p<0.05) difference among each cell 

lines.

45.2±4.67, respectively. The PDT after treatment of SCLE 

in the normal cell lines tended to be slightly increased be-

tween untreated control and treated cell lines, there was 

no significant (p<0.05) difference. 

Analysis of viability of detached cells 

After treatment of SCLE, the viability of detached cells 

was analyzed with MTT assay in the A-549, AGS and MCF- 

7 cancer cell lines. All cell lines were exposed to the medium 

containing SCLE, and the detached or floated cells were 

daily retrieved for up to 6 days. The retrieved cells were 

transferred and cultured in the fresh medium (Fig. 4A, Fig. 

4B). The detached cells retrieved at 1 day, 2 days and 3 

days after SCLE treatment were mostly survived in the fresh 
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Fig. 2. Changes of cell morphology in cancer cell lines (A, A-549, MCF-7, MDA-MB-231, U87-MG, AGS, MKN-74 and SNU-601) 

and normal cell lines (B, DSC and MRC-5) at 1 day after treatment of SCLE. The high number of detached and rounded 

cells were specially observed in SCLE-treated cancer cell lines. Scale bars; 50 μm.

medium. However, the cell viability of detached cells re-

trieved at 4 days was significantly (p<0.05) decreased in all 

used cancer cells with apoptosis-like shrunk cell shape. 

Therefore, SCLE induced detached cells were investigated 

for their survival rate for at least 3 days. 

Analysis of telomerase activity 

After treatment with 200 ug/ml of SCLE for 4 days, the 

quantitative expression of TERT transcript related with telo-

merase activity in untreated control and SCLE-treated A- 

549, AGS and MCF-7 cancer cell lines, as shown in Fig. 

5A. GAPDH transcript was used as control reference genes. 

The expression of TERT was highly decreased in the cells 

exposed to SCLE, as compared with their untreated control. 

Further, the relative telomerase activity was measured in 

the A-549, AGS and MCF-7 cancer cell lines (Fig. 5B). The 

mean level of telomerase activity analyzed by RQ-TRAP as-

say was 786±24.1%, 760±27.7% and 858±60.4% in the un-

treated control A-549, AGS and MCF-7 cancer cell lines, re-

spectively, as compared to normal MRC-5 fibroblasts. 

Whereas, the level of telomerase activity was 277±16.5%, 

354.0±10.5% and 315.7±6.0% in the extract-treated A-549, 

AGS and MCF-7 cancer cell lines, respectively. The relative 

telomerase activity was significantly (p<0.05) down-regu-
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Fig. 3. Analysis of PDT in cancer cell lines (A- 

549, MCF-7, MDA-MB-231, U87-MG, 

AGS, MKN-74 and SNU-601) and nor-

mal cell lines (DSC and MRC-5) at 7 

days after treatment of SCLE. The PDT 

values indicated mean±SEM of three 

replicates in each cell lines. Bars with 

an asterisk indicate significant (p<0.05) 

differences between untreated control 

(■) and SCLE-treated cells (■). 

A

B

Fig. 4. The viability analysis of detached cells in A-549, AGS 

and MCF-7 cancer cells treated with SCLE. A: A repre-

sentative example in untreated normal AGS cancer cells 

(a). The detached AGS cancer cells at 2 day after treat-

ment of SCLE (b) and the apoptosis-like shrunken AGS 

cancer cells (arrow) at 4 days after treatment of SCLE 

(c). B: Viability rate after daily retrieval of detached 

cells. The cell viability was significantly (p<0.05) de-

creased in the cells at retrieved 4 days after SCLE treat-

ment. Bars with an asterisk indicate significant (p<0.05) 

differences between cells retrieved at 3 days and 4 days. 

lated by treatment of SCLE. 

Analysis of apoptosis rate

After treatment with 200 ug/ml of SCLE for 4 days, the 

apoptosis rate was analyzed by flow cytometry in the A-549, 

AGS and MCF-7 cancer cells, as exhibited in Fig. 6. The 

mean percentages of live and apoptotic cells was 89.3±5.1 

and 10.6±3.67; 92.3±4.56 and 6.25±1.5; 84.9±3.33 and 15.1± 

5.45% in untreated control A-549, AGS and MCF-7 cancer 

cells, respectively. However, The mean percentages of live 

and apoptotic cells was 44.2±4.44 and 55.8±3.58; 48.2±3.33 

and 51.8±2.52; 84.9±4.46 and 51.1±5.17% in the extract-treated 

A-549, AGS and MCF-7 cancer cell lines, respectively. The 

ratio of cells at apoptotic status was significantly (p<0.05) 

increased after exposure of SCLE for 5 days. 

Analysis of cell cycle phase

After treatment with 200 ug/ml of SCLE for 4 days, the 

cell cycle was also examined in the A-549, AGS and MCF-7 

cancer cells (Fig. 7). In the untreated control A-549 cancer 

cells, the proportions of cells in G1, S and G2/M phase 

were 66±4.2, 19±3.3 and 15±2.5%, respectively. In the un-

treated control AGS cancer cells, the proportions of cells 

in G1, S and G2/M phase were 60±4.4, 13±2.6 and 27±2.8%, 

respectively. In the untreated control MCF-7 cancer cells, 

the proportions of cells in G1, S and G2/M phase were 

42±6.6, 21±4.6 and 37±2.9%, respectively. Whereas, In the 

SCLE treated A-549 cancer cells, the proportions of cells 

in G1, S and G2/M phase were 84±2.6, 9.1±3.3 and 7.5± 

2.0%, respectively. In the SCLE treated AGS cancer cells, 

the proportions of cells in G1, S and G2/M phase were 

75.4±2.4, 6.0±2.3 and 18.6±2.4%, respectively. In the SCLE 

treated MCF-7 cancer cells, the proportions of cells in G1, 

S and G2/M phase were 76±8.7, 8±4.3 and 16±2.5%, 

respectively. Under SCLE induction, G1 phase of cell cycle 
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Fig. 5. Telomerase activity in A-549, AGS and MCF-7 cancer cells treated with SCLE for 4 days. A: Expression of telomerase 

reverse transcriptase (TERT) transcript by RT-PCR in untreated control and SCLE-treated cell lines. B: Mean telomerase 

activity by RQ-TRAP in untreated control and SCLE-treated cell lines. Bars with an asterisk indicate significant (p<0.05) 

differences between untreated control (■) and SCLE-treated cells (■). 

A

B

Fig. 6. Analysis of apoptosis rate in A-549, AGS and MCF-7 cancer cells treated with SCLE for 4 days. A: A representative 

images by cytometric analysis of apoptotic cells in untreated control and SCLE-treated cell lines. B: Mean percentage (%) 

of live, early apoptosis, late apoptosis and necrosis cells. Bars with an asterisk indicate significant (p<0.05) differences between 

untreated control (■) and extract-treated cells (■). 

was significantly (p<0.05) increased in the A-549, AGS and 

MCF-7 cancer cells. 

Analysis of Rho-associated protein kinase inhibitor 

on cell adhesion

The detached and floated cells by treatment of SCLE were 

simultaneously and respectively treated with SCLE and Y- 

27632, an inhibitor of Rho-associated protein kinase (ROCK) 

which is tightly regulated in cell morphology and move-

ment by acting on the cytoskeleton. Star-shape cell morphol-
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A

B

Fig. 7. Analysis of cell cycle phase in A-549, AGS and MCF-7 cancer cells treated with SCLE for 4 days. A: A representative 

images by cytometric analysis of cell cycle in untreated control and SCLE-treated cell lines. B: Mean percentage (%) of 

live, early apoptosis, late apoptosis and necrosis cells. Bars with an asterisk indicate significant (p<0.05) differences between 

untreated control (■) and SCLE-treated cells (■). 

ogy were frequently observed after only Y-27632 treatment 

in specially MCF-7 cancer cells. However, detached A-549, 

AGS and MCF-7 cancer cell lines by SCLE treatment did 

not show any morphological alternations under Y-276532 

treatment, as shown in Fig. 8A. And SCLE induced cell de-

tachment and anoikis might have resulted due to Rho signal 

pathway-independent of others mechanisms. Therefore, the 

expression level of transcripts related to cell adhesion was 

measured using real time RT-PCR, as shown in Fig. 8B and 

C. The mean expression level of RhoA and RhoC transcripts 

were 55±6.3 and 25±4.5; 63±6.7 and 30±2.3; and 48±3.4 and 

26±3.3 in the untreated control (0D) A-549, AGS and MCF-7 

cancer cells, respectively, comparing to expression level of 

GAPDH. The mean expression level of RhoA transcript at 

1 day (1D), 2 days (2D), 3 days (3D) and 4 days (4D) after 

SCLE treatment was 53±5.3, 49±4.3, 23±2.1 and 12±2.6; 

64±5.9, 60±3.3, 41±1.7 and 12±1.3; and 38±4.3, 26±2.9, 27±2.6 

and 9±1.3% in the A-549, AGS and MCF-7 cancer cells. The 

mean expression level of RhoC transcript at 1 day (1D), 

2 days (2D), 3 days (3D) and 4 days (4D) after SCLE treat-

ment was 23±3.3, 19±4.3, 13±2.1 and 6±2.6; 29±6.0, 26±3.0, 

18±1.7 and 8±1.2; and 19±2.2, 15±2.0, 11±2.3 and 2±0.9 in 

the A-549, AGS and MCF-7 cancer cells, respectively. The 

expression level of RhoA and RhoC was significantly (p< 

0.05) decreased in A-549, AGS and MCF-7 cancer cells at 

3 days after SCLE treatment, compared to those of cells at 

untreated control, 1 day and 2 days. In the present study, 

the inhibition of Rho activity did not result into the increased 

cell adhesion. Further, SCLE treatment resulted into floated 

status within 1 day after SCLE treatment, as mentioned 

above, however, expression of RhoA and RhoC was still 

at a high level up to 1 day and 2 days after SCLE treatment.  
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Fig. 8. Cell morphology in the A-549, AGS and MCF-7 cancer cells treated with Y-27632, a Rho-associated protein kinase (ROCK) 

inhibitor, and SCLE. A: The detached and spheroid cells were observed in the A-549, AGS and MCF-7 cancer cells at 

2 days after simultaneous treatment of SCLE and Y-27632, and SCLE alone, respectively. Scale bars; 50 μm. B: Expression 

of RhoA and RhoC transcripts by RT-PCR in A-549, AGS and MCF-7 cancer cells treated with SCLE for 0 day (0D, untreated 

control), 1 day (1D), 2 days (2D), 3 days (3D) and 4 days (4D). C: Mean expression level (%) of RhoA (■) and RhoC 

(■) transcript. A, B and C indicate significant (p<0.05) differences among treatment day(s) in the expression of RhoA 

transcript. a, b, c and d indicate significant (p<0.05) differences among treatment day(s) in the expression of RhoC transcript. 

Discussion

In the present study, the various types of cancer cells 

(A-549, MCF-7, MDA-MB-231, U87-MG, AGS, MKN-74 and 

SNU-601), normal MRC-5 fibroblasts and mesenchymal 

stem cells derived from dental tissues (DSCs) were treated 

with Smilax china L. extract (SCLE). All of these different 

cell lines were investigated for their fundamental cellular 

characterizations, including cell morphology, cell growth, 

phase of cell cycle, apoptosis and telomerase activity. The 

present study have demonstrated that SCLE treatment in-

duces the inhibition of cell growth and cellular cytotoxicity 

by cellular anoikis in the human cancer and normal cell 

lines. However, the induction of anoikis and cytotoxic ef-

fects by SCLE treatment were prominently observed in the 

cancer cell lines with extremely lower IC50 values, compared 

to those of normal cell lines, such as MRC-5 fibroblasts and 

DSCs.

The natural compounds and drugs derived from herbs 

or plants have unceasingly suggested and applied for the 

treatment of a number of diseases including cancer [4]. The 

SCLE has been used as a conventional and alternative drug 

for inflammatory, rheumatic arthritis, diuretic and detox-

ification treatments in traditional oriental medicine which 

usually comprises a number of different medical herbs, as 

per the symptoms of individual patient [10, 38, 40]. Previous 

studies have also demonstrated that SCLE treatment also 

induces anti-cancer effects in several types of cancer cells 

[20, 31, 35]. These studies strengthen the use of SCLE as 

a meaningful alternative chemotherapeutic drug for tumor 

treatment. In the present study, the anti-cancer effects were 

induced by anoikis pathway with the decreased cell attach-

ment in the cancer cells treated with SCLE. Similar ob-

servations have also been made by other studies in which 
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SCLE treatment induces anti-metastatic effect in human 

MDA-MB-231 breast cancer cells, possibly due to modu-

lation of extracellular matrix (ECM) degradation [35]. How-

ever, anti-cancer effects by SCLE treatment in various types 

of human cells have not been fully elucidated and are still 

under investigation. 

Most of the animal cells in in vivo tissues and organs 

are attached to mesenchymal cells, such as fibroblasts or 

ECM matrix [29]. However, the loss of cell attachment or 

inappropriate ECM environment is induced to cellular 

apoptosis, known as anoikis [14]. Whereas, the progression 

to cancer cells from tumor cells first gradually acquire meta-

stasis potential and the transformed cancer cells are sur-

vived in inappropriate tissue environments of different tar-

get organs. The resistance against anoikis cell death can pos-

sess capacity to survive in the other tissues from the pri-

mary sites [37]. Even though, the cancer cells display high 

anoikis resistance, and it has consistently been demon-

strated that the loss of detachment to cell-to-cell or ECM 

during long time can be induced to apoptotic cascade proce-

dure [27, 36, 37]. In the present study, the anoikis cell death 

was also observed to be induced in the specially cancer 

cell lines than normal cell lines. The morphological alter-

ation of the cell to shrinkage status by the loss of cell vol-

ume was considered as one of main fundamental character-

ization for defining signaling based cellular apoptosis [7, 

11]. The present study have also shown that the shrinkage 

and contracted cell morphology is also observed in the de-

tached cancer cells after treatment of SCLE. During early 

apoptotic events, the flipped phosphatidyl serine strongly 

combined with fluorophore-conjugated Annexin V and has 

been widely and easily used for detecting early apoptosis 

using flow cytometry [8]. The present results have shown 

that the rate of early cellular apoptosis is increased in the 

cancer cells treated with SCLE by analysis of Annexin V 

protein using flow cytometry. Besides, one of the main cel-

lular characterizations in the cells displaying cellular apop-

tosis is arresting at the G0/G1 phase of cell the cycle [33]. 

In the previous studies, ovarian cancer cells at the spheroid 

or floated state by loss of cell adhesion were exhibited to 

be arrested in the G0/G1 phase of the cell cycle [9, 25]. 

The present study has also shown that the rate of cell ar-

rested at G0/G1 phase of the cell cycle is increased in the 

cancer cells treated with SCLE. Further, accordingly to flow 

cytometry analysis, the ratio of cell population at sub-G1 

phase was highly increased in the cancer cells treated with 

SCLE (data not shown). Previous studies have suggested 

that the high peak of cell at sub-G1 phase is tightly related 

with increased DNA fragmentation during cellular apopto-

sis [32]. Our results have clearly shown that SCLE treatment 

resulted in the increase of G0/G1 phase and sub-G1 of cell 

cycle by cellular anoikis.  

In the present study, SCLE treatment clearly induced loss 

of cell adhesion and subsequent anoikis in the cancer cells, 

however, the detached cancer cells were more resistant to 

the cell death by cellular anoikis than normal cells, such 

as MRC-5 fibroblasts and mesenchymal stem cells. Whereas, 

the detached normal cell lines by SCLE treatment were easi-

ly and quickly induced to anoikis cell death than the de-

tached cancer cells (data not shown). It have well demon-

strated that the cancer cells are displayed to more anoikis 

resistance after detachment in primary tissues, or metastasis 

to others tissues and circulatory systems [27, 41]. As shown 

in the present results, the detached cancer cells were sur-

vived for 3 days, and induced to cell death after 4 days 

after cell detachment. However, the detached normal cells 

were quickly induced to cell death within 1 day after cell 

attachment. The previous study has also shown that over 

90% of human intestinal epithelial cells are induced to anoi-

kis cell death by caspase-2 and 9 apoptosis pathways within 

3 hr after loss of cell anchorage [15]. 

Cell attachment arise normally through interactions be-

tween integrin molecules on the cell membrane and ECM 

fibronectins, and many cellular events and functions, includ-

ing cell growth and motility as well as gene expression can 

be regulated by the appropriate interaction and attachment 

of cell-to-cell or cell-to-ECM [12, 13]. Thus, the cellular and 

tissue morphology, maintenance, distribution, junction and 

differentiation can be also induced by the interaction of cells 

and tissues through various signal pathways [1, 6]. The cell 

adhesion molecules, such as integrin and cadherin proteins 

on the outer cell membrane are generally known for cell 

interactions combined with other cells or ECM [1, 6]. The 

integrin and cadherin proteins are tightly linked to intra-

cellular actin filament and a number of interacting adapter 

proteins. The appropriate expression and position of outer 

integrins and cadherins as well as intracellular actin fila-

ment can lead to normal cell adhesion. Moreover, the small 

GTP binding Rho proteins play an essential part in cell ad-

hesion and motility through integrin by regulating actin cy-

toskeleton [1, 5, 19]. During mitosis, the cells are formed 

to rounded and floated cell shape by decreased actin fila-
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ment and integrin with high activity of Rho protein. And 

it has been previously showed that inhibitor of Rho signal 

pathway limit invasive progress of cancer cells [42]. And 

Rho signal pathway is highly up-regulated in the cell re-

programming procedure to induced pluripotent stem cells 

(iPSCs) from differentiated normal cells. Thus, iPSCs are 

easily floated on the cell culture flask, and entered to anoikis 

cell death. It has been demonstrated that the cell viability 

and adhesion capacity of iPSCs can be increased by regu-

lation of integrin and actin filaments as per inhibition of 

Rho signal pathway [39]. In the present study, the cancer 

cells floated with SCLE treatment were also administrated 

with Y-27632 Rho-associated protein kinase inhibitor, how-

ever, the adhesion capacity of cell detached by SCLE treat-

ment was not increased with inhibition of Rho signal path-

way using Y-27632. Besides, the expression of RhoA and 

RhoC transcripts by real time PCR analysis was continually 

remained for 2 days in the A-549 cancer cells during floated 

status by SCLE treatment. However, the expression level 

of their transcripts was detected at a very low level and 

reached to apoptotic cell death after 4 days of treatment. 

The lower expression of RhoA and RhoC at 4 days might 

be due to the apoptotic cell death rather than cell adhe-

sion-related signal pathway induced by SCLE. And the most 

of the cancer cell were immediately floated after admin-

istration of SCLE under high expression of cell adhesion-re-

lated transcripts. Thus, we assumed that influences on the 

cell adhesion in the cancer cells treated with SCLE were 

not related with Rho signal pathway regulating activity of 

integrin and actin filaments, and loss of cell adhesion and 

subsequent anoikis cell death by SCLE treatment is thought 

to be a consequence of others mechanisms rather than in-

trinsic Rho signal pathway. Further, the telomerase activity 

was significantly decreased in the cancer cells after SCLE 

treatment. The high level of telomerase activity is generally 

expressed in the immortal cells, such as embryonic stem 

cells and cancer cells, and the decreased level of telomerase 

activity was displayed in the cancer cells reached at nearly 

cellular apoptosis levels [3, 24]. Thus, SCLE treatment seems 

to be induced to decreased telomerase activity in the cancer 

cells and also reached to cellular apoptosis levels, as men-

tioned above. 

The chemical components of SCLE are not well-known 

in detail, however, polyphenols, flavonoids and triterpenes 

are commonly suggested as major components of SCLE. It 

has been previously reported that the cytotoxic effects result 

from the various types of polyphenols [44], flavonoid glyco-

side [32] and steroidal saponins [38]. However, the available 

investigations on the SCLE-derived chemical components 

which can exhibit the anti-cancer effects as per induction 

of anoikis are not still reported in the various types of hu-

man cancer cell lines. Previous another study has been sug-

gested that anti-metastatic effect by SCLE treatment is ex-

hibited in the human breast cancer cells, probably caused 

by modulation of ECM degradation [28]. We presumed that 

induction of anoikis by SCLE might be caused by physical 

disturbance of cell-to-cell contact, rather than modulation 

of intracellular integrin and Rho signal pathways by chem-

ical components derived from SCLE. Any further additional 

analysis and studies associated with cell death by anoikis 

will be needed for investigation of chemical components 

derived from SCLE. 

The present study has clearly demonstrated that SCLE 

outstandingly exhibits the inhibition of cell growth and in-

crease of anoikis cell death along with reduced (lost) cell 

adhesion in in vitro cultures various types of human cancer 

cells than normal cells. Therefore, the SCLE alone or in com-

bination with other treatments might be a potential chemo-

therapy agent or an alternative treatment against cancer 

cells. However, it has suggested that first step for metastasis 

of the tumor cells is to detach and escape from the primary 

tissue, and metastasize to secondary tissue with long last 

resistance against anoikis cell death [2]. The clinical applica-

tion of SCLE treatment should be carefully examined in the 

more cancer and normal somatic cell lines with intrinsic 

cellular mechanisms and component analysis of SCLE. 
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록：토복령 추출물이 처리된 여러 종류의 사람 암세포주에서 아노이키스 세포 사멸에 의한 세포 성장의 

억제

김민재1․김 지1․김무경1․이성호2․ 병균1,3*

(1경상대학교 사범대학 생물교육과, 2경상대학교 생명과학부, 3경상대학교 교육연구원) 

본 연구에서는 다양한 사람의 암세포주(A-549, MCF-7, MDA-MB-231, U87-MG, AGS, MKN-74 및 SNU-601 세

포)와 정상세포주(MRC-5 섬유아세포 및 사랑니 유래 중간엽성 줄기세포에 토복령 추출물(Smilax china L. extract, 

SCLE)을 처리하여 세포 사멸 효과를 조사하였다. SCLE 처리 후, MTT 분석에서 여러 암세포주는 정상세포주보다 

유의적으로 휠씬 낮은 반억제농도값을 나타내었고, 세포는 세포부착력의 소실로 인한 세포사멸(anoikis)이 관찰되

었다. 또한, SCLE를 처리한 A-549, AGS 및 MCF-7 암세포주에서 세포의 생존성과 말단소립 복원효소의 활성도를 

조사하였을 때, SCLE 처리 후 4일째에 세포의 생존성과 말단소립 복원효소의 활성도가 현저히 줄어드는 것을 관

찰하였다. 또한, SCLE를 처리한 A-549, AGS 및 MCF-7 암세포주에서 세포 주기의 G1기에서 세포 성장이 정지되

었고,세포 사멸이 유의적으로 증가하는 것을 알 수 있었다. 그러나, SCLE 처리는 rho 단백질의 활성과 관련 없는 

세포부착력의 소실과 세포 사멸이 유도되는 것을 관찰하였다. 이 연구의 결과를 바탕으로 토복령 추출물은 정상

세포보다는 암세포에 특이적으로 세포부착력의 소실과 세포 사멸을 유도하여, 이 추출물에 포함된 물질을 이용한 

항암 연구에 응용될 수 있을 것으로 판단된다. 
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