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Abstract: Trilinolein has been identified as ondhaf active constituents isolated from

Panax notoginsengsed widely in traditional Chinese medicine. Peote actions of

Panax notoginsenggainst cerebral ischaemia, beneficial effectthen

cardiovascular system, and haemostatic, antioxidgpblipidaemic,

hepatoprotective, renoprotective and estrogenddteities have been illustrated. In

the present study, the effects of trilinolein oa fgrowth of non-small cell lung

carcinoma A549 were investigated. It was found thatexposure of A549 cells to

trilinolein resulted in growth inhibition and theduction of apoptosis in a dose- and

time- dependent manner. Trilinolein treatment iretlithe upregulation of

pro-apoptotic Bax, downregulation of anti-apoptd@ui-2 expression, which was

associated with the proteolytic activation of cagsaand the concomitant degradation

of poly(ADP-ribose) polymerase (PARP) protein. &uiellular reactive oxygen

species seem to play a role in the trilinolein-icelll apoptosis, since ROS were

produced early in the trilinolein treatment. Moreouhe activity of PI3K/Akt was

downregulated in trilinolein-treated cells. Ouruks demonstrated that the most

important regulators of trilinolein-induced apopsoare Bcl-2 family and

caspase-3,which are associated with cytochroneéease and dephosphorylation on

the Akt signaling pathway.

Keywords Chinese herb$2anax notoginsengpoptosis; trilinolein; PI3K/Akt



I ntroduction

Lung cancer is among the leading causes of dealkltamcidence is

continuously increasing. Surgery, radiotherapy, @meimotherapy are currently the

major treatments used to reduce lung cancer migr{&aba and Khuri, 2005),

however, these therapies have detrimental sideteféa the normal healthy cells in

the body. Therefore, it is important to discovewragents to treat lung cancer safely

without affecting the body’s healthy cells. Deregjidn of signaling pathways like

PI3K/Akt are often implicated in the pathogenedisISCLC (Li et al.,2010).

Therefore the need for accelerated developmerftedtare NSCLC therapies is

critical. At present, major work is being stresseddesigning new therapeutic

strategies targeting multiple signaling pathwayshore effective disease

management in NSCLC. We aimed to investigate hwdlein affects several

pathways including mitochondria-dependent, ROSkMI&, and p53/p21 signals.

Certain Chinese herbs have been used as altertiagirapeutic approaches, for

treating lung cancer patients in Chinese populdtioret al.,2009; Suret al.,2010).

Panax notoginsenBurk. F.H. Chen (Araliaceael.(notoginsenpis a highly valuable

and important herb in oriental medicine for itsrépeutic abilitiesP. notoginsendpas

been widely used for hemostasis and protectiohetardiovascular system (Chen

al., 2008; Yancet al.,2005).P. notoginsenghowed significant lowering effects on



serum total cholesterol and triglyceride levelso(dbal.,2010). The extract of the

roots ofP. notoginsengxhibited a significant anti-tumor-promoting adivon

two-stage carcinogenesis of mouse skin tumors (Klinzaet al.,1999).P.

notoginsengxtract was reported effective on precancepaigents (Yu, 1993P.

notoginsengxtract and ginsenoside Rb1 increased the sahsiivkKHT sarcoma to

ionizing radiation (Cheet al.,2001).P. notoginsengvas cytotoxic for the treatment

of PC3 human prostate cancer cells (Cheingl.,2004). There is a report that the

serum of a dog fed witR. notoginsengxtract inhibited proliferation of human

gastric mucosa epithelium GES-1 cells (Wan@l.,2004). A dammarane glycoside

derived from ginsenoside Rb3 showed toxicity agdinsast cancer cells (H al.,

2005). Also,P. notoginsengowder protects a precancerous stomach lesione(Sthi,

2003). The effects of crud® notoginsengxtract on tumor cells suggested that

further purified or synthetic versions Bf notoginsengxtract may be useful not only

in vascular-related diseases, but also cancerphé@henet al.,2001).

The antitumor activity fronf?. notoginsengre mainly focused on its extract

(Konoshimagt al.,1999) and its constituent ginsenoside Rb1 (GHeal.,2001).

Trilinolein has been focused on its antioxidanivéigt (Ng et al.,2004), however, its

anticancer activity has never been explored. Toiém is a candidate active

ingredient isolated fror®. notoginsengxtract (Honget al.,1993). Trilinolein is a



triacylglycerol, which carries two unsaturated bei@ 18:2, MW = 890; Fig. 1A), at

all three esterified positions of glycerol (Hoegal.,1993). Trilinolein has been

reported to provide a number of beneficial efféatduding reducing thrombogenicity

(Chanet al.,2002), increasing erythrocyte deformability (Haetcal.,1993),

anti-ischemic (Cheet al.,2008), anti-arrhythmic (Chaet al.,1995), and displaying

antioxidant effects in various experimental mod€lsanet al.,1997; Charet al.,

2002). Additionally, trilinolein has been reportedreduce free radical damage

associated with atherogenesis, and myocardial dawegsed by ischaemia and

reperfusion (Kritchevsket al.,2000). The sum of these pharmacologic effects may

explain the benefits derived from treating circafgtdisorders with the herb over the

centuries. Therefore, we aimed to investigate ffeets of trilinolein on human

non-small cell lung cancer cells A549 and to explive molecular mechanism

through which trilinolein induces cell death

M aterials and methods

Materials

Trilinolein was purchased from Sigma-Aldrich Cheati€o. (St. Louis, MO,

USA). 3-(4,5-Dimetylthiazol-2-yl)-2,5-diphenyltetralium bromide (MTT), RNase A,

propidium iodide (PI), trypsin, BSA, Tween-20,-&daDMSO were purchased from

Amresco Inc. (Solon, OH, USA). Dulbecco’s Modifiedgle Medium (DMEM),



F-12 and fetal bovine serum (FBS) were purchasad f6IBCO BRL (Rockville,

MD, USA). Antibodies for pAkt, Akt, PIP3K, poly(ADi#bose) polymerase (PARP),
caspases-3 and -9 were purchased from Cell Simgn@dioston, MA, USA).
Antibody for cytochrome& was purchased from BioLegend (San Diego, CA, USA).
Antibodies against p53, p21, Bax and Bcl-2 werepased from Santa Cruz (Santa
Cruz, CA, USA). Secondary antibodies were acquireth Santa Cruz (Santa Cruz,

CA, USA).

Cell Lines and Cultures

Human renal cell carcinoma cell line A498, gasadenocarcinoma MKN-45,
and human NSCLC A549 cells were obtained from Hoddstry Research and
Development Institute (Hsinchu, Taiwan). A498 ankMA45 cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM; Gibco BRRockville, MD, USA),
and A549 cell was grown in F-12 medium (Gibco BRIockville, MD, USA)
containing 10% FBS (Gibco BRL, Rockville, MD, USAXO0 U/mL of penicillin, and
100 mg/mL streptomycin mixed antibiotics (Gibco BRRockville, MD, USA) at
37°C in a humidified atmosphere comprised of 95% ait 3% CQ. In all of the

experiments, the medium was supplemeniigll 1% (v/v) fetal bovine serum (FBS).



Cell proliferation assay

MTT assay was performed in the A498, MKN-45 and @54ll lines to measure
the cytotoxicity oftrilinolein. All cell lines were seeded in 96-welates with 2x16
cells/well in culture medium. Trilinolein was digged in 0.8% (v/v) Tween 80 in
PBS and sterilized by filtratioi€ells were treated with various concentrations of
trilinolein as indicated in each figure. After 24 the number of viable cells was
determined. Briefly, 5 mg/mL MTT was added to eal, and the plate was
incubated at 3T for 4 h. The medium was removed, and qub@&liquot of DMSO
was added, and the absorbance at 590 nm was medsueach well on ELISA

reader. Data are presented as the mean + SE efititependent experiments.

Flow cytometry analysis

2x10 A549 cells were seaded into each well of a 12-plelle (TPP; Techno
Plastic Products AG, Trasadingen, Switz) 24 h leefigatment with various
concentrations of trilinolein for different time peds (0, 2, 12, 24, and 48 h). Cells
were harvested with trysin-EDTA, washed twice withml ice-cold PBS, fixed in
70% (v/v) ethanol, and kept af@ prior to propidium iodide (PI) staining [100
pg/mL PI, 0.2% (v/v) Nondiet P-40, and 1 mg/mL RNAS@®Nase-free) in PBS
lacking C&* and M@"; at a 1:1:1 ratio by volume] and analyzing DNA tnis with

flow cytometry (Becton Dickinson, San Jose, CA, JSHe intensity of Pl



fluorescence was linearly amplified and both treaaand width of the fluorescence
pulse were measured. Ten thousand events weraedgand the percentage of
hypodiploid (apoptosis, sub-G1) events and pergestaf cells in GO/G1, S and
G2/M phases were determined using the DNA anabgftsvare ModFitL T, version

2.0 (Verity Software, Topsham, ME, USA).

Measurement of intracellular ROS generation

A549 cells were incubated for 4 h in theegence of
trilinolein (50, 75 and 100 pg/ml). In time cougeady, 75 pg/ml of trilinolein were
incubated for 1, 2 and 4 h. Intracellular ROS pataiun was measured by using a
fluorescent dye,'Z’-dichlorodihydrofluorescein diacetate fBCF-DA) (Molecular
Probes, Eugene, OR, USA), which can be convert@#edichlorofluorescein (DCF)
by esterases when taken up. DCF reacts with R@8rterate a new highly
fluorescent compound, dichlorofluorescein, which ba analyzed with FACS. The
treated cells were incubated by-ECF-DA (10uM) at 37 °C for 30 min, washed

twice with PBS, and then measured with FACS.

Western blotting analysis
A549 were plated in 10-cm dishes at a density di8zells and incubated with
75 pg/mL of trilinolein in F-12 containing 1% (v/v) FB®r 0, 2, 6, 12, 24, and 48 h.

The cells were collected, then lysed in a lysisisoh followed by incubation at 96
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for 5 min. Total proteins were separated using $IA&E before being transferred to
PVDF membranes, blocked with 5% (v/v) nonfat drjkrm PBS-Tween 20 and
probed with the desired antibody (pAkt, Akt, P1363, p21, Bax, Bcl-2, caspase-3,
caspase-9, cleaved PARP and cytochro)r{dilution ratio = 1:1000) overnight at
4°C. The blots were then incubated with horseradesbydase-linked secondary
antibody for 1 h followed by development with tHearochemoluminsence (ECL)
reagent and exposure to Hyperfilm (Amersham, AtbngHeight, IL, USA). The data
were analyzed by Gel-Logic 200 Imaging Systems,ddallar Imaging Software.

Statistical analysis

Values are presented as meanzSE relative to thiotee acontrol. Statistically
significant differences from the control group weidentified by one-way

ANOVA for the datap<0.05was considered significant for all tests.

Results

Cytotoxic effect of trilinolein on A549 cells

In order to determine if trilinolein decreases @mzll viability, the A549,
MKN-45 and A498 cells were stimulated with variamcentrations of trilinolein for
24 h and the cell viability was measured usingMi@ assay. Trilinolein treatment
significantly inhibited the cell viability of threeell lines in a concentration-dependent

manner. And our results indicated that trilinoleihibited stronger cytotoxic
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properties against A549 cells (after 24 h treatna¢f5ug/mL, trilinolein decreased

the A549 cell viability by ~ 52.8%, compared witbntrol). (Fig. 1B).

Trilinolein induces apoptosis in A549 cells

Further experiments using flow cytometry analysesencarried out to

determine if the anti-proliferative effects of itmiblein is the result of apoptotic cell

death. 75ug/mL trilinolein-treated cell demonstrate highergamtage of hypldiploid

cells than in control cells (Fig. 2A). Also, Ag/mL trilinolein-treated cell showed

time-dependent manner (Fig. 2B). This results is#i¢he the cytotoxic effects

observed in response to trilinolein are correlat@d the induction of apoptosis.

Modulation of PI3K/ Akt and activation of p53/p2bigin expression by trilinolein in

A549 cells

The PI3k and phosphorylation status of Akt in AB48s after trilinolein

treatment was explored to determine if trilinol@wuced apoptosis is correlated with

the Akt signal, which is a downstream effector t8Kfor survival signaling. The

levels of PI3K and phosphorylation Akt were sigraidntly decreased in a

time-dependent manner, and demonstrated signifdeerease at 12 and 24 h,

respectively (Fig. 3A). Our results showed thatekpression of p53 was markedly

increased at earlier time period with trilinoleredatment and also in time-dependent

manner as compared to the control (Fig. 3A). In BAy, our result also showed that
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trilinolein-treated A549 cells exhibited an increas p21 expression after 24 h of

treatment.

Modulation of the expression of Bcl-2 family prageby trilinolein in A549 cells

The expression of the pro-apoptdiéctor Baxwassignificantly increased in

A549 cells after 6 h incubation with 7&g/mL trilinolein (Fig. 3A). Bcl-2

significantly decreased after 12 h incubation withug/mL trilinolein treatment in

the A549 cancer cell lines. The Bax/Bcl-2 ratio veagnificantly elevated after 6 h

treatment (Fig. 3C).

Activates caspases and degradation of PARP byaidin in A549 cells

In order to determine if trilinolein-induced apogi® is associated with the

activation of caspases, the protein expressiomsgiase-3 and -9 in A549 cells were

measured. Our results demonstrated that the expmes$ caspase-3 significantly

increased after trilinolein treatment at 24 h. (RB&). Moreover, Western blotting

studies suggest that apoptosis inductbmcurs via the intrinsic pathway because

trilinolein induced the release of cytochromé&om mitochondria and stimulated

the cleavage of inactive pro-caspase-9, resulting5+37 kDa active fragments (Fig.

3B). We also analyzed the effect of trilinolein bgdrolysis of the zymogen by

Western blotting assay. Cleavage of pro-caspaset@ 17-19 kDa fragments
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significantly increased in trilinolein-treated el(Fig. 3B) and PARP, a known

substitute for caspase-3, was effectively hydradytrethe 85 kDa fragment.

Trilinolein increased intracellular ROS levels ib49 cells

Production of intracellular ROS in trilinolein-ttea A549 cell was monitored by

the oxidation-sensitive fluorescent dye DCFH-DA. Aincrease in DCFH

fluorescence was detected in trilinolein-treatets&ig. 4A, 4B). A rapid production

of ROS was detected at 1 h after treatment althdbhghhighest levels were not

reached until 4 h (Fig. 4B). These findings suggiest ROS generation maybe crucial

for trilinolein-induced cell death.

Discussion

Search for new chemopreventive and antitumor agkatsare more effective but

less toxic has great interest in phytochemicBiss is the first study to evaluate the

cytotoxic properties of trilinolein in human non-alincell lung carcinoma A549 cells.

A549 was more sensitive to trilinolein cytotoxiciyig. 1B). There are no normal

cells or cell lines as controls in the present wtitbwever, previous related studies

indicated that 0.1~10 uM trilinolein have been shqgwotective effects in astrocytes

and cardiomyocytes (Chet al.,1999; Yancet al.,2005).

Our results indicated that trilinolein can cause dlacumulation of cells in the

G1 phase of the cell cycle and apoptosis (Fig. &Bhe present study we have
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demonstrated that trilinolein was effective in imiting the growth of A549 cells in a
dose- and time-dependent manner. Therefore, wetigated the biochemical
mechanism underlying the pro-apoptotic activityrdinolein in A549 cells.
Trilinolein treatment was shown to induce releasmitochondriac and apoptosis in
A549 cells through modulation of Bax and Bcl-2 eins and activation of caspase-3.
Moreover, p53-dependent downregulation of Akt megnpote an apoptotic cell
death.

Cell cycle analysis revealed that trilinolein calisesignificant cell cycle arrest
at the G/G; phase (Fig. 2B), accompanied by an increase irGuFig. 2B),
indicating cell death. Downstream target of p58.(p21) is known to play a role in
cell cycle control by inducing {or G; arrest in response to DNA damage @fual.,
1999) or apoptosis associated with up-regulatioenafogenous p21* (Kannanet
al., 2001). Our results showed that the level of pZtdased significantly in A549
cells when treated with trilinolein for 24 h folling the increase of p53 (Fig. 3A).
This suggests that p21 is involved in a p53-depeinp@hway and plays a specific

role in trilinolein-induced @G; cell cycle arrest in A549 cells.

Activation of PI3K/Akt plays an important role imicinogenesis by maintaining
cancer cell proliferation, preventing apoptosis] anpporting the process of

metastasis. As aberrant activation of the PI3K/@ddurs frequently iNSCLC (Suet
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al., 2010, recent efforts have focused on developing namétumor agents targeting

this pathway. It is targeted by genomic aberratiookiding mutation, amplification

and rearrangement more frequently than any othkyag in human cancer.

Therefore, we studied the effects of trilinoleieatment on the PI3K/Akt signaling

pathway. Trilinolein has been shown to inhibit Pl&kd pAkt and upregulate p53

expressions. Our finding suggests that PI3K pathvay have been demonstrated as

the critical mediator in p53 activation in respoibsérilinolein (Fig. 3A). Our results

demonstrated that if efficient p53-dependent Akaehge is triggered, the

Akt-mediated survival signals will be aborted anidl mot able to block

p53-dependent apoptosis (Gottlietal.,2002).

It has been suggested that apoptosis requirectivation of caspases in many

cases (Ashkenazi and Dixit, 1998), we investigétednvolvement of caspase

activation in trilinolein-induced apoptosis in A548lls. Treatment with trilinolein

stimulated a time-dependent cleavage activatigradaspase 3 and PARP. To

elucidate the mechanism of activation of caspasgt8linolein, we examined the

activation of its upstream activator, caspase @. ddtivation of caspase 9 was

evidenced by the degradation of its proenzyme. {densg the crucial role of the

mitochondrial pathway in apoptosis, we examinecgea in the levels of

cytochromec released into the cytosol in trilinolein-treate84® cells. Since the
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increased of cytosolic cytochromeppeared earlier than activation of caspases (Fig.

3B), we think trilinolein may target to disrupt B&kl-2 ratio rather than directly

damaging mitochondria integrity (Fig. 3C). When A%klls were treated with

trilinolein, a decrease in the level of pAkt waselved before caspase-3 activation

(Fig. 3), indicating that Akt inhibition is an upsam event of caspase-3 activation in

trilinolein-induced apoptosis.

ROS are persistently produced during the metalpoticess. Under

physiological conditions, the maintenance of arrapipate level of intracellular ROS

is important in keeping redox balance and cellife@tion (Martin and Barrett, 2002).

Excessive ROS accumulation, however, can leadllidareinjury (Mallis et al.,

2001). Recent evidence indicates that accumula@8 €auses sustained JNK

activation and leads &poptosis (van den Begd al.,2001). Cancer cells normally

produce more ROS than do normal cells and addati@n agent that increases ROS

may push a tumor cell beyond the breaking poinh{8&tacker, 2006). So, cancer

cells might be vulnerable to damage by additiomalSRstress, either through

inhibiting ROS elimination or by adding exogenou@&R(Huanget al.,2000). The

cell-damaging property of ROS and the increased Bé&teration in cancer cells may

provide an opportunity to develop the cell killipgtential of ROS by using

exogenous ROS-stressing agents to increase theefitdar ROS to a toxic level, or
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the threshold that triggers cell death. We attechptemeasure changes in ROS levels

in trilinolein-treated cells. The antiproliferatiedfect of trilinolein included in this

study is associated with an increase in the inlitdae level of ROS which was

detectable at 1 h of treatment and remained eléVateat least 4 h (Fig. 4Bt was

shown that ROS is decreased after trilinolein tresgut in cardiomyocytes (Yareg al.,

2005;Cheret al.,2005), however the mechanism responsible for tbeease in ROS

generation in trilinolein-treated A549 lung cancelis is largely unclear. Oncogenic

signals, mitochondrial dysfunction, and active rhetsm are likely factors

contributing to the increased production of RO8ancer cells (Trachoothaet al.,

2006). It is plausible that trilinolein could bevaived in the regulation with the

abovementioned signals. Other study indicateddlesated accumulation of

resveratrol leads to increased intracellular RQ8I& which then subsequently

induces glioma cell apoptosis (Shetaal.,2009) The pro-oxidant property possibly

results from the generation of phenoxyl radicalsesiveratrol by the peroxidase®}

system, which co-oxidizes cellular glutathione &DH, accompanied by £Quptake

to form ROS (Galatet al.,2002). Thus, resveratrol probably acts as a prdamki

disrupting intracellular redox balance and leadmgpoptosis, which is the common

postulated mechanism to explain resveratrol’s eaicer effect. Further study should

be conducted to explore the pro-oxidative effettsilinolein. Also, it was suggested

16



that several mitogen-activated protein kinase (MAPikcluding c-Jun N-terminal
kinase/stress activated protein kinase (JNK/SPKar2)p3&“~X play important

roles in triggering apoptosis in response to oxwastress (Tobiumet al.,2001). We
should further investigate whether MAPKSs play anal trilinolein-induced apoptosis

on A549 cells.

In conclusion, our results suggested that triemoinduced apoptosis in human
lung carcinoma cells. The pro-apoptotic response awarelated with the increase of
Bax, decrease of Bcl-2, cytochromeelease, caspase-3 activation and PARP
degradation. Furthermore, the inactivation of Algynplay an important role in
trilinolein-induced apoptosis. ROS could be anofhetor involved in the cell
apoptosis. These results provide the possible nmésana for the apoptotic activity of
trilinolein.
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Figure legends:

Fig 1. (A) Chemical structure of trilinolein (B) Cytotaxeffects of trilinolein on
A498, MKN-45 and A549 cells. These cancer cellsenegated with various
concentrations (0, 3.12, 6.25, 12.5, 25, 50, 78,10ug/mL) of trilinolein for 24 h.
Data are the mean + SD of three independent expatsn

Fig 2. Determination of the proportion of sub-G1 and GOg&8lls following
trilinolein treatment of A549 cells, as determiri®dflow cytometry. (A) Distribution
of cell cycle phase in A459 cells after treatmeithwarious concentrations of
trilinolein (0, 25, 50, 75, and 100ug/mL) for 24 h (B) Distribution of cell cycle
phase in A459 cells after treatment withgdmL trilinolein for 0, 2, 12, 24 and 48h
Fig 3. (A) Effects of trilinolein on the expression of RI3pAkt. Akt, p53 and p21
proteins in A549 Cells as determined using wedbdstting. Cells were treated with
75 pg/mL trilinolein for the times indicated. (B) Effeof trilinolein on the activity of
apoptosis-associated proteins. A549 cells treatdd 7% pg/ml trilinolein and
proteins expression of Bax, Bcl-2, cytochrooe@oly(ADP-ribose) polymerase

(PARP), caspase 9 and caspase 3 were analyze@aftet2, 24 and 48 h exposure.
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Trilinolein induced cleavage of procaspases 9 aimdtBe cytosolp-Actin was used

as an internal control. (C) The ratio of Bax/Bghptein expression at 0, 6, 12, 24 and

48 h. Data are the mean * SD of three independgarenents*P < 0.05

compared with control.

Fig 4. Trilinolein-induced ROS generation. (A) A549 celere incubated for 4 h in

the presence of trilinolein (50, 75 and 1@§ml) or (B) with 75ug/ml of trilinolein

for 1, 2 and 4 h. The fluorescence of oxidized D@&s determined by flow

cytometry.
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