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The apoptogenic effect of p-coumaric acid, a phenolic acid found in various edible plants, on human
acute leukemia Jurkat T cells was investigated. Exposure of Jurkat T cells to p-coumaric acid (50-150
μM) caused cytotoxicity and TdT-mediated dUTP nick-end labeling (TUNEL)-positive apoptotic DNA
fragmentation along with Bak activation, Δψm loss, activation of caspase-9, -3, -7, and -8, and PARP
degradation in a dose-dependent manner. However,these apoptotic events were completely abrogated
in Jurkat T cells overexpressing Bcl-2.Under these conditions, necrosis was not accompanied.
Pretreatment of the cells with the pan-caspase inhibitor (z-VAD-fmk) could prevent p-coumaric
acid-induced sub-G1 peak representing apoptotic cells, whereas it failed to block Δψm loss, indicating
that the activation of caspase cascade was prerequisite for p-coumaric acid-induced apoptosis as a
downstream event of Δψm loss. FADD- and caspase-8-positive wild-type Jurkat T cell clone A3,
FADD-deficient Jurkat T cell clone I2.1, and caspase-8-deficient Jurkat T cell clone I9.2 exhibited sim-
ilar susceptibilities to the cytotoxicity of p-coumaric acid, excluding an involvement of Fas/FasL sys-
tem in triggering the apoptosis. The apoptogenic activity of p-coumaric acid is more potent in malig-
nant Jurkat T cells than in normal human peripheral T cells. Together, these results demonstrated that
p-coumaric acid-induced apoptogenic activity in Jurkat T cellswas mediated by Bak activation, Δψm
loss, and subsequent activation of multiple caspases such as caspase-9, -3, -7, and-8, and PARP degra-
dation, which could be regulated by anti-apoptotic protein Bcl-2.

Key words : Apoptosis, cytotoxicity, p-coumaric acid, caspase cascade, leukemia Jurkat T cells, Bcl-2

*Corresponding author

*Tel：+82-53-950-5378, Fax：+82-53-955-5522

*E-mail : ykim@knu.ac.kr

ISSN : 1225-9918
Journal of Life Science 2011 Vol. 21. No. 12. 1678~1688 DOI : http://dx.doi.org/10.5352/JLS.2011.21.12.1678

Introduction

Apoptosis is the process of programmed cell death that

can be triggered by a variety of pathological and physio-

logical stimuli. Morphologically, it is characterized by cell

shrinkage, chromatin condensation, membrane blebbing,

chromosomal DNA fragmentation and forming mem-

brane-bound apoptotic bodies [12]. While apoptosis is

known to play an important role in the regulation of homeo-

stasis in multicellular organism, an imbalance between cell

proliferation and apoptotic cell death may cause tumor for-

mation [28]. In addition, apoptotic cell death has been pro-

posed as an efficient mechanism by which malignant tumor

cells can be removed upon treatment with chemotherapeutic

drugs, in that the induction of apoptosis in tumor cells re-

sults in their own destruction into apoptotic bodies which

can be cleared by surrounding cells without accompanying

a local damaging inflammatory response [13]. Diverse cyto-

toxic approaches including anticancer drugs, ionizing radia-

tion, immunotherapy, and suicide gene therapy, which are

currently used for treatment of tumor cells, are known to

be predominantly mediated through triggering apoptosis

program [17]. However, all these cytotoxic treatments often

have significant limitations due to their side effects on nor-

mal cells and tissues [13]. In this context, the development

of pharmacologically safe anticancer agents, whose apopto-

genic activity can be more confined to tumor cells rather

than normal cells, has been required.

Hydroxycinnamic acids, including p-coumaric, caffeic,

ferulic, and sinapic acids, are a major class of phenolic com-

pounds found in edible plants and their products such as

cereals, coffee, peanuts, fruits, and vegetables [29,34].

Whereas hydroxycinnamic acids are usually found as esters

of either glycosides or organic acid, or are bound to protein

and other cell wall polymers, only a small number of them

are found as free acids in nature [14]. In addition, hydrox-

ycinnamic acids are known to possess a number of im-
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portant health benefits [3,4,15,25,33]. In particular, it has

been shown that p-coumaric acid can exert various beneficial

effects which include antioxidation [9], antimicrobial activity

[36], cancer chemoprevention with inhibiting cancer cell

growth [16], and antimelanogenesis [2]. However, little is

known about the mechanism responsible for the antitumor

activity of p-coumaric acid.

In the present study, we have investigated whether the

cytotoxicity of p-coumaric acid toward human acute leuke-

mia Jurkat T cells is attributable to induction of apoptotic

cell death. To elucidate the apoptotic mechanism, p-coumaric

acid-induced apoptotic events of Jurkat T cells transfected

with the vector (JT/Neo) have been compared with those

of Jurkat T cells transfected with the Bcl-2 gene (JT/Bcl-2).

The inhibitory effects of the pan-caspase-inhibitor z-VAD-

fmk on p-coumaric acid-induced apoptotic cell death have

also been analyzed. The results show that p-coumaric acid

induces apoptosis of Jurkat T cells through Bak activation,

mitochondrial damages, leading to mitochondrial membrane

potential (Δψm) loss and subsequent activation of caspase

cascade including caspase-9, -3, -7, and -8, which can be

blocked by overexpression of Bcl-2. As compared with ma-

lignant Jurkat T cells, normal human T cells appear to be

more refractory to the apoptogenic activity of p-coumaric

acid.

Materials and Methods

Reagents, antibodies, cells, and culture medium

The ECL Western blotting kit was purchased from

Amersham (Arlington Heights, IL, USA), and Immobilon-P

membrane was obtained from Millipore Corporation

(Bedford, MA, USA). Anti-cytochrome c was purchased from

Pharmingen (San Diego, CA, USA), and anti-caspase-3, an-

ti-Bid, anti- poly (ADP-ribose) polymerase (PARP), anti-Bid,

ant-Bax, anti-Bcl-2, anti-Bcl-xL, and anti-β-actin were pur-

chased from Santa Cruz Biotechnology (Santa Cruz, CA,

USA). Anti-caspase-8, and anti-caspase-9, anti-caspase-7, an-

ti-Bad, and anti-Bid were from Cell Signaling (Beverly, MA,

USA). Anti-Bak (Ab-1) and anti-Bax (6A7) were obtained

from Calbiochem (San Diego, CA, USA). p-Coumaric acid,

phytohemagglutinin A (PHA), and 3,3'dihexyloxacarbocyanine

iodide (DiOC6) were purchased from Sigma (St. Louis, MO,

USA). The broad-range caspase inhibitor z-VAD-fmk was

obtained from Calbiochem (San Diego, CA, USA). Annexin

V-FITC apoptosis kit was purchased from Clontech (Takara

Bio Inc., Shiga, Japan). FADD-positive wild-type Jurkat T cell

clone A3, FADD-deficient Jurkat T cell clone I2.1, and ca-

pas-8-deficient Jurkat T cell clone I9.2 were purchased from

ATCC (Manassas, VA, USA). Jurkat T cell clone transfected

with vector (JT/Neo), and Jurkat T cell clone transfected

with Bcl-2 gene (JT/Bcl-2) were used in this experiment.

Jurkat T cells and human peripheral T cells were maintained

in RPMI 1640 (Hyclone, Gaithersburg, MD, USA) containing

10% fetal bovine serum, 20 mM HEPES (pH 7.2), 5×10
-5

M

β-mercaptoethanol, and 100 μg/ml gentamycin. For the cul-

ture of both JT/Neo and JT/Bcl-2 cells, G418 (A.G. Scientific

Inc., San Diego, CA, USA) was added to the RPMI 1640 me-

dium at a concentration of 200 μg/ml.

Cytotoxicity assay

The cytotoxic effect of p-coumaric acid on Jurkat T cell

was analyzed by MTT assay reflecting the cell viability as

previously described [19]. For MTT assay, Jurkat T cells

transfected with vector JT/Neo or Bcl-2 gene (5×104/well)

were added to serial dilutions of p-coumaric acid in 96-well

plates. At 63 hr after incubation, 50 μg of MTT solution (1.1

mg/ml) was added to each well and incubated for an addi-

tional 4 hr. After centrifugation, the supernatant was re-

moved from each well and then 150 μl of DMSO was added

to dissolve the colored formazan crystal produced from

MTT. OD values of the solutions were measured at 540 nm

by a plate reader.

TdT-mediated dUTP nick-end labeling (TUNEL)

assay

Jurkat T cells treated with apigeninidin were adhered on-

to glass cover slips pretreated with 2% amino-

propyltriethoxysilane for 30 min in a humidified chamber

as previously described [21]. The cells were then subjected

to fluorescence-terminal dUTP nick-end labeling (TUNEL)

using an In Situ Cell Death Detection Kit (Roche). Thereafter,

the cells were mounted with propidium iodide (PI) on slides

to label nuclei and then examined under a confocal laser

scanning microscope.

Flow cytometric analysis

Cell cycle progression of Jurkat T cells following exposure

to p-coumaric acid was analyzed by flow cytometry as de-

scribed elsewhere [18]. The extent of necrosis was detected

with an Annexin V-FITC apoptosis kit (Clontech, Takara Bio

Inc., Shiga, Japan). The cells (5×105) were washed with 1X
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binding buffer and then incubated with Annexin V-FITC and

propidium iodide (PI) for 15 min before being analyzed by

flow cytometry according to the manufacturer's instructions.

p-Coumaric acid-induced alteration in the mitochondrial

membrane potential (Δψm) was measured by flow cy-

tometry after cells were stained with 50 nM

3,3'dihexyloxacarbocyanine iodide (DiOC6) for 15 min at

37°C as previously described [43]. Activation of Bak and Bax

following treatment with p-coumaric acid was measured by

flow cytometry as previously described [35]. Briefly, cells

(1×10
6
) were washed with PBS and fixed in PBS/1.0% paraf-

ormaldehyde on ice for 30 min. Cells were then washed

three times in PBS/1% FBS. Staining with con-

formation-specific antibodies against Bak (Ab-1) and Bax

(6A7) was performed with a proper dilution of individual

antibodies in 100 μl staining buffer (PBS, 500 μg/ml dig-

itonin). Then, cells were washed and resuspended in 100 μl

staining buffer containing Alexafluor 488-labeled goat an-

ti-mouse IgG. The conformational changes of Bak and Bax

were measured by flow cytometry.

Preparation of cell lysates and Western blot

analysis

The cell lysates were prepared by suspending 5×106 Jurkat

T cell in 250 μl of lysis buffer (137 mM NaCl, 15 mM EGTA,

1 mM sodium orthovanadate, 15 mM MgCl2, 0.1% Triton

X-100, 25 mM MOPS, 5.0 μg/ml proteinase inhibitor E-64,

and pH 7.2). The cells were disrupted by sonication and ex-

tracted at 4oC for 30 min. An equivalent amount of protein

lysate (20-30 μg) was denatured with SDS sample buffer, and

subjected to electrophoresis on a 10% SDS gradient poly-

acrylamide gel with MOPS buffer. The proteins were electro-

transferred to Immobilon-P membranes and then probed

with individual antibodies. Detection of each protein was

carried out with and ECL Western blotting kit according to

the manufacturer's instructions.

Isolation and activation of human peripheral T

cells

To prepare human peripheral blood mononuclear cells

(PBMC), heparinized blood obtained from healthy labo-

ratory personnel by venipuncture was centrifuged at 800×

g for 20 min over HISTOPAQUE-1077 (Sigma Chemical, St.

Louis, MO, USA), according to manufacturer's instructions.

This protocol was approved by the Ethics Committee of the

Kyungpook National University, Daegu, Korea. Isolation of

T cells from PBMC was performed using a human T cell

enrichment column kit (R and D System, Minneapolis, MN,

USA). For activation of the peripheral T cells, the isolated

peripheral T cells at a density of 2×10
6
/ml were incubated

with phytohemagglutinin A (PHA) at a concentration of 1.0

μg/ml for 72 hr. To induce the interleukin-2 (IL-2)-dependent

proliferation of T cells, the PHA-activated T cells

(1×105/well) were cultured with 50 units (U) of recombinant

IL-2 in 96-well plates.

Results and Discussion

Comparison of effect Bcl-2 overexpression on

p-coumaric acid-mediated cytotoxicity and apoptotic

DNA fragmentation in Jurkat T cells transfected with

vector (JT/Neo) and Jurkat T cells transfected with

Bcl-2 gene (JT/Bcl-2)

Previous studies have demonstrated that cytochrome c re-

lease from mitochondria and subsequent activation of cas-

pase cascade are often involved in chemotherapeutic

agent-induced apoptotic signaling pathway [27,37]. It has al-

so been demonstrated that anti-apoptotic protein Bcl-2 can

protect cells from apoptotic cell death induced by diverse

stimuli including chemotherapeutic agents, via blocking mi-

tochondrial damage which leads to mitochondrial mem-

brane potential (Δψm) loss and cytochrome c release [22,42].

To examine whether apoptotic cell death is involved in the

cytotoxicity of p-coumaric acid, in this context, we decided

to compare the cytotoxic effect of p-coumaric acid on JT/Neo

and JT/Bcl-2 cells. When JT/Neo cells were treated with

p-coumaric acid (50-150 μM) for 60 hr, the cell viability,

which was determined by MTT assay, appeared to decline

significantly in a dose-dependent manner (Fig. 1B). Although

the viability of JT/Neo cells was not affected upon treatment

with 50 μM p-coumaric acid, the cell viabilities declined to

the levels of 85.4% and 43.0% following exposure to p-cou-

maric acid at concentrations of 100 μM and 150 μM,

respectively. Under these conditions, however, p-coumaric

acid-induced cytotoxicity was significantly reduced in

JT/Bcl-2 cells overexpressing Bcl-2, demonstrating sup-

pressive effect of Bcl-2 on the cytotoxicity of p-coumaric acid.

Since current results raised the possibility that the apoptotic

cell death, which is sensitive to the anti-apoptotic action of

Bcl-2, was mainly attributable to the cytotoxicity of p-couma-

ric acid, we further investigated whether the apoptotic DNA

fragmentation was induced in JT/Neo cells following ex-
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Fig. 1. Chemical structure of p-coumaric aicd (A), and effect of p-coumaric acid on cell viability (B), and DNA fragmentation (C)

in Jurkat T cell clone transfected with vector (JT/Neo) and Jurkat T cell clone transfected with Bcl-2 gene (JT/Bcl-2). For

cell viability analysis, continuously growing JT/Neo cells or JT/Bcl-2 cells (5×10
4
/well) were incubated with indicated concen-

trations of p-coumaric acid in a 96-well plate for 60 hr and further incubated with MTT for 4 hr. The cells were sequentially

processed to assess the colored formazan crystal produced from MTT as an index of cell viability. Each value is expressed

as mean±SD (n=3 with three replicates per independent experiment). *p<0.05 compared with control. Equivalent cultures

were prepared and cells were harvested to analyze apoptotic DNA fragmentation by TUNEL assay. A representative study

is shown and two additional experiments yielded similar results.

posure to p-coumaric acid, and whether the induced apop-

totic DNA fragmentation was abrogated in JT/Bcl-2 cells

overexpressing Bcl-2. As shown in Fig. 1C, whereas p-cou-

maric acid-treated JT/Neo cells clearly showed TUNEL-pos-

itive nuclei compared to control cells, p-coumaric acid-treat-

ed JT/Bcl-2 cells failed to show TUNEL-positive cells. These

results indicated that the cytotoxicity of p-coumaric acid is

caused by induced apoptosis, which could be negatively

regulated by anti-apoptotic protein Bcl-2, in Jurkat T cells.

Flow cytometric analysis of p-coumaric acid-

induced apoptotic cells by either propidium iodide

staining or by FITC-conjugated Annexin V staining

In order to confirm a dose-dependent enhancement in the

level of apoptosis by p-coumaric acid in JT/Neo cells and

its abrogation in JT/Bcl-2 cells, p-coumaric acid-induced

apoptotic sub-G1 peak representing apoptotic cells were in-

vestigated in JT/Neo and JT/Bcl-2 cells following treatment

with p-coumaric acid (50-150 μM) for 60 hr. As shown in

Fig. 2A, JT/Neo cells untreated or JT/Neo cells treated with

50 μM p-coumaric acid exhibited a barely detectable apop-

totic sub-G1 peak, it increased to the level of 16.3% and 56.6%

in the presence of 100 μM and 150 μM p-coumaric acid,

respectively. Under the same conditions, p-coumaric acid-in-

duced sub-G1 peak was not detected in JT/Neo cells.

In order to examine whether necrosis was accompanied

by p-coumaric acid-induced apoptosis in JT/Neo cells, the

cells treated with p-coumaric acid (50-150 μM) for 60 hr were

analyzed by Annexin V staining. In accordance with the in-

duced apoptotic sub-G1 peak, the treatment of JT/Neo cells

with 50 μM p-coumaric acid caused no enhancement in the

levels of either early apoptotic cells stained only with

Annexin V-FITC, or late apoptotic cells stained with both

Annexin V-FITC and propidium iodide (PI) (Fig. 2B). Under

these conditions, while the apoptotic changes appeared to

be more apparent when the cells were treated with 150 μM

than with 100 μM p-coumaric acid, the necrotic cells stained

only with PI were barely detected. The levels of neither
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Fig. 2. Changes in cell cycle distribution (A) and apoptotic cell death (B) in JT/Neo and JT/Bcl-2 cells following exposure to various

concentrations of p-coumaric acid for 60 hr. Both JT/Neo cells and JT/Bcl-2 cells were incubated at a density of 2×105/ml

with various concentrations of p-coumaric acid for 60 hr. The analysis of cell cycle distribution was performed on an equal

number of cells (2×104) by flow cytometry after staining of DNA by PI. p-Coumaric acid-induced mitochondrial membrane

potential (Δψm) loss was measured after staining of cells with DiOC6, and the apoptotic and necrotic cells were evaluated

after staining with Annexin V-PI.

apoptotic nor necrotic cells, however, were enhanced in

JT/Bcl-2 cells. Consequently, these results demonstrated that

p-coumaric acid (100-150 μM) could induce apoptotic cell

death in a dose-dependent manner, and confirmed that the

cytotoxic effect exerted by p-coumaric acid on Jurkat T cells

was mainly due to apoptosis, but not to necrosis.

Involvement of mitochondrial membrane potential

(Δψm) loss and mitochondria-dependent activation

of caspase cascade in p-coumaric acid-induced

apoptosis

To investigate the death-signaling pathway underlying

p-coumaric acid-induced apoptosis, the change in mitochon-

drial membrane potential (Δψm) of JT/Neo cells and

JT/Bcl-2 cells following exposure to p-coumaric acid (0, 50,

100, and 150 μM) was measured by flow cytometry using

3,3'dihexyloxacarbocyanine iodide (DiOC6) staining.

Although there was barely detectable Δψm loss in con-

tinuously growing JT/Neo cells as well as JT/Neo cells treat-

ed with 50 μM p-coumaric acid, 20.7% and 64.2% of the cells

exhibited Δψm loss in the presence of 100 μM and 150 μM

p-coumaric acid, respectively (Fig. 3A). This demonstrated

that p-coumaric acid (100-150 μM) could disrupt Δψm in a

dose-dependent manner. At the same time, however, p-cou-

maric acid failed to disrupt Δψm in JT/Bcl-2 cells. Since Δψ

m loss is known to be one of the initial intracellular changes
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Fig. 3. Change in mitochondrial membrane potential (Δψm) (A), Western blot analysis of activation of caspase-9, -3, -7, and -8,

cleavage of PARP and β-actin (B), and pro-apoptotic Bcl-2 family members (Bad, Bak, Bax and Bid), anti-apoptotic Bcl-2

family members (Bcl-2 and Bcl-xL) and β-actin (C), and flow cytometric analysis of Bak activation (D) in JT/Neo and JT/Bcl-2

cells after treatment with p-coumaric acid. Both JT/Neo and JT/Bcl-2 cells were incubated at a density of 2×10
5
/ml with

indicated concentrations of p-coumaric acid for 60 hr, and prepared for the cell lysates. Equivalent amounts of cell lysates

were electrophoresed on 4-12% SDS gradient polyacrylamide gels and electrotransferred to Immobilon-P membrane. Western

blot analysis and flow cytometric analysis of Bak activation were performed. A representative study is shown and two

additional experiments yielded similar results.

that are accompanied by apoptotic cell death [40,41], these

results suggested that Δψm disruption was associated with

p-coumaric acid-induced apoptosis in JT/Neo cells. These re-

sults also indicated that the Δψm loss was mediated by a

conserved apoptogenic mechanism, which could be targeted

by the anti-apoptotic role of Bcl-2.
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Since several studies have reported that Δψm loss pre-

cedes the release of cytochrome c release into the cytosol,

leading to activation of capase-9 and -3 [23,24,39], it was like-

ly that Δψm loss and subsequent induction of mitochon-

dria-dependent caspase cascade activation, which could be

blocked by overexpression of Bcl-2, might play an essential

role in p-coumaric acid-induced apoptosis of Jurkat T cells.

To test this prediction, it was investigated in both JT/Neo

and JT/Bcl-2 cells, by Western blot analysis, whether the in-

duced apoptosis by p-coumaric acid was accompanied by

mitochondrial cytochrome c release and subsequent activa-

tion of caspase cascade. In accordance with the Δψm loss,

the caspase-9 activation that proceeded through proteolytic

cleavage of inactive proenzyme (47 kDa) to active forms

(37/35 kDa) was detected (Fig. 3B). The cleavage of procas-

pase-3 (32 kDa) into active form (17 kDa) as well as the

cleavage of procaspase-7 (35 kDa) into active form (20 kDa)

was also detected. The activation of caspase-8 through pro-

teolytic cleavage of proenzyme (57 kDa) into active forms

(43/41 kDa) was significantly enhanced. In JT/Neo cells af-

ter treatment with p-coumaric acid, the PARP degradation

was detected along with the activation of caspase-3.

However, these apoptotic events were completely abrogated

in JT/Bcl-2 cells.

Previously, it has been reported that the pro-apoptotic

multidomain Bcl-2 family members (Bax and Bak) mediate

permeabilization of the mitochondrial outer membrane

(MOM), whereas anti-apoptotic Bcl-2 family members (Bcl-2,

Bcl-xL and Mcl-1) prevent cytochrome c efflux triggered by

Bak or Bax via either directly or inactivating the BH3-only

pro-apoptotic Bcl-2 family members (Bad, Bid, Bim and

Puma) [5,8]. It has also been shown that alteration in the

expression ratio of Bak to Bcl-2 and/or Bax to Bcl-2, resulting

in an enhancement in the ratio of Bak to Bcl-2 and/or Bax

to Bcl-2, is often required for provoking the activation of

Bak and/or Bax during the mitochondria damage-mediated

apoptotic cell death induced by chemotherapeutic agents

[1,5,7,11]. To examine the upstream pro-apoptotic events that

mediate p-coumaric acid-induced Δψm loss, the expression

levels of Bcl-2 family proteins, such as the pro-apoptotic

Bcl-2 family members (Bad, Bak, Bax and Bid) and the an-

ti-apoptotic Bcl-2 family members (Bcl-2 and Bcl-xL), were

compared by Western blot analysis between JT/Neo and

JT/Bcl-2 cells after treatment with p-coumaric acid. As

shown in Fig. 3C, the expression level of pro-apoptotic mul-

tidomain Bcl-2 family member Bak was enhanced in JT/Neo

and JT/Bcl-2 cells following exposure to p-coumaric acid,

whereas those of Bad, Bax, Bcl-2, and Bcl-xL remained con-

stant in both cells. In addition, the level of Bid protein (22

kDa), which was previously cleaved by active caspase-8 to

generate the truncated Bid (tBid, 15 kDa) causing Δψm loss

[26], appeared to slightly decline in JT/Neo cells treated

with 150 μM p-coumaric acid, whereas this apoptotic change

was completely abrogated in JT/Bcl-2 cells. These results

suggested that the upregulation of in the level of Bak might

be associated with p-coumaric acid-mediated disruption of

Δψm loss, possibly via causing the activation of Bak. In order

to confirm that the p-coumaric acid-induced apoptosis is ac-

companied by the activation of pro-apoptotic multidomain

Bcl-2 family members (Bak and Bax), which is known to be

upstream of Δψm loss [5-7], the activation of Bak and Bax

in JT/Neo and JT/Bcl-2 cells treated with 150 μM p-coumaric

acid was analyzed by flow cytometry using the con-

formation-specific anti-Bak (Ab-1) or anti-Bax (6A7). As

shown in Fig. 3D, the activation of Bak was detected in

JT/Neo cells, but not in JT/Bcl-2 cells overexpressing Bcl-2.

Under the same conditions, the activation of Bax was not

observed in JT/Neo and JT/Bcl-2 cells (data not shown). In

order to examine whether the activation of caspase cascade

was critical for p-coumaric acid-induced apoptosis, we inves-

tigated the effect of the pan-caspase inhibitor (z-VAD-fmk)

[38] on p-coumaric acid-induced apoptotic events in JT/Neo

cells. After JT/Neo cells were pretreated with z-VAD-fmk

for 2 hr, the cells were exposed to 150 μM p-coumaric acid

for 48 hr. Although the apoptotic sub-G1 peak was barely

detectable in continuously growing JT/Neo cells, it in-

creased to the level of 28.6% in the presence of 150 μM p-cou-

maric acid for 48 hr (Fig. 4A). The p-coumaric acid-induced

sub-G1 peak was diminished to the basal level by pretreat-

ment with z-VAD-fmk, whereas the p-coumaric acid-in-

duced Δψm loss was not abrogated by z-VAD-fmk (Fig. 4B).

These results demonstrated that the Δψm loss was an up-

stream event of the caspase cascade activation which was

a prerequisite for p-coumaric acid-induced apoptotic cell

death. Consequently, current results indicated that p-couma-

ric acid-induced apoptosis was mediated by Bak activation,

Δψm loss, and subsequent activation of multiple caspases

including caspase-9, -3, -7 and -8, leading to PARP degrada-

tion, which could be blocked by Bcl-2.
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Fig. 4. Apoptotic change in cell cycle distribution (A) and Δψm loss (B) in Jurkat T cells (JT/Neo) after treatment with p-coumaric

acid (150 μM) in the presence of the pan-caspase inhibitor z-VAD-fmk at concentration of 30 μM and 50 μM. JT/Neo cells

(2×105/ml) was pretreated with z-VAD-fmk for 2 hr and then treated with 150 μM p-coumaric acid for 48 hr. The analysis

of cell cycle distribution was performed on an equal number of cells (2×10
4
) by flow cytometry after staining of DNA by

propidium iodide. For the analysis of Δψm loss, the cells (~5×10
5

cells) were stained with DiOC6 for 10 min at 37 °C. The

percentage of red and green fluorescence was estimated by flow cytometry.

Comparison of cytotoxic effect of p-coumaric acid

on FADD- and caspase-8 positive wild-type Jurkat T

cell clone A3, FADD-deficient Jurkat T cell clone I2.1,

and caspase-8-deficient Jurkat T cell clone I9.2

As a potential mechanism underlying the apoptosis pro-

voked by antineoplastic drugs, upregulation of FasL and/or

Fas expression has been implicated [10,30,31]. In order to

further examine an involvement of Fas/FasL system in

p-coumaric acid-induced apoptosis, we compared cytotoxic

effect of p-coumaric acid on FADD- and caspase-8-positive

wild-type Jurkat T cells (clone A3) with that on FADD-defi-

cient Jurkat T cells (clone I2.1) and caspase-8-deficient Jurkat

T cells (clone I9.2), both of which were previously refractory

to Fas-mediated apoptosis [20]. As shown in Fig. 5, irre-

spective of the FADD deficiency, these Jurkat T cell clones

exhibited essentially similar sensitivity to the cytotoxicity of

p-coumaric acid. These results confirmed that the p-coumaric

acid-induced apoptosis of Jurkat T cells was not provoked

by the interaction of Fas with FasL. In addition, these results

exclude the possibility that the p-coumaric acid-induced

apoptosis of Jurkat T cells was initiated by endoplasmic re-

Fig. 5. Effect of p-coumaric acid on cell viability in wild-type

Jurkat T cells (clone A3), FADD-deficient Jurkat T cells

(clone I2.1) and caspase-8-deficient Jurkat T cells (clone

I9.2). A3 cells, I2.1 cells, or I9.2 cells were incubated at

a density 5×104 cells per well with indicated concen-

trations of p-coumaric acid in a 96-well plate for 60 hr

and further incubated with MTT for 4 hr with MTT to

assess the cell viability. Each value is expressed as

mean±SD (n=3 with three replicates per independent ex-

periment). *p<0.05 compared to control.
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ticulum (ER) stress-mediated activation of caspase-8 and re-

sultant cleavage of Bid into tBid.

Cytotoxic effect of p-coumaric acid on human

peripheral T cells

Since p-coumaric acid possessed cytotoxicity toward ma-

lignant Jurkat T cells, it was of interest to investigate wheth-

er the drug is less toxic to normal T cells. In this context,

we have investigated the cytotoxic effects of p-coumaric acid

on the viability of human resting peripheral T cells or the

interleukin-2 (IL-2)-dependent proliferation of activated T

cells, which were obtained by the stimulation of human pe-

ripheral T cells with 1.0 μg/ml phytohemagglutinin A (PHA)

for 72 hr. When the individual cells were incubated with

various concentrations of p-coumaric acid in a 96-well plate

for 60 hr and then cell viability was measured by the MTT

assay, the viability of unstimulated peripheral T cells as well

as the IL-2-dependent proliferation of activated T cells was

not markedly affected in the presence of 50-150 μM p-couma-

ric acid (Fig. 6). However, the IL-2-dependent proliferation

of activated T cells was more sensitive to the cytotoxicity

of p-coumaric acid than resting T cells and exhibited a via-

bility of 56.8% at a concentration of 150 μM. Under these

conditions, the viability of Jurkat T cells (clone A3) was re-

duced to the level of 99.0%, 88.1%, and 37.3% at concen-

trations of 50 μM, 100 μM, and 150 μM p-coumaric acid,

respectively. These results indicated that malignant leuke-

mia Jurkat T cells, as compared to normal T cells, were more

sensitive to the apoptogenic activity of p-coumaric acid.

In conclusion, these results demonstrate that p-coumaric

acid, a naturally occurring phenolic acid found in a variety

of edible plants including cereals, coffee, fruits, and vegeta-

bles, induces apoptotic DNA fragmentation of human acute

T cell leukemia Jurkat cells via Bak activation, mitochondrial

membrane potential (Δψm) loss, activation of caspase-9, -3,

-7, and -8, and resultant cleavage of PARP. Involvement of

the extrinsic apoptotic pathway that is triggered by Fas/FasL

system in p-coumaric acid-induced apoptosis can be ex-

cluded, since the sensitivity of wild-type Jurkat T cell clone

A3 to the cytotoxicity of p-coumaric acid is similar to that

of FADD-deficient Jurkat T cell clone I2.1 or caspase-8-defi-

cient Jurkat T cells clone I9.2. Current results also indicate

that the apoptogenic activity of p-coumaric acid is more po-

tent in malignant Jurkat T cells than in normal human periph-

eral T cells. These findings will extend our understanding on

the potency of p-coumaric acid as an antitumor agent.

Fig. 6. Effect of p-coumaric acid on human peripheral T cells

unstimulated, IL-2-dependent proliferation of PHA-acti-

vated T cells, and proliferation of Jurkat T cells.

Peripheral T cells (2×105 cells/well) were incubated with

various concentrations of p-coumaric acid for 60 hr, and

the cells were further incubated with MTT for 4 hr to

assess the cell viability. To induce IL-2-dependent pro-

liferation of activated T cells, human peripheral mono-

nuclear cells were activated with PHA (1.0 μg/ml) for

72 hr, and then the activated T cells were harvested and

incubated with various concentrations of p-coumaric

acid at a density of 1×10
5
/well as well as 50 U/ml of

recombinant human IL-2 in 96-well plates. For treatment

of Jurkat T cell clone A3 with p-coumaric acid, the cell

density was 5×10
4
/well. Each value is expressed as

mean±SD (n=3 with three replicates per independent ex-

periment). *p<0.05 compared to control.
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초록：p-Coumaric acid에 의해 유도되는 인체 Jurkat T 세포의 에폽토시스 기전

이제원․김영호*

(경북대학교 자연과학대학 생명과학부)

다양한 식용식물에 함유되어 있는 것으로 알려진 phenolic acids의 일종인 p-coumaric acid의 항암활성을 규명

하고자, 인체 급성백혈병 T 세포주인 Jurkat T 세포에 대한 p-coumaric acid의 에폽토시스 유도기전을 조사하였

다. Jurkat T 세포를 p-coumaric acid (50-150 μM)로 처리한 결과, 세포독성, 에폽토시스-관련 DNA fragmenta-

tion, 및 pro-apoptotic multidomain Bcl-2 family member인 Bak의 활성화, Δψm loss, caspase-9, -3, -7, 및 -8의

활성화, 그리고 PARP 분해 등의 여러 에폽토시스-관련 생화학적 현상들이 농도의존적으로 나타났다. 그러나 이

러한 에폽토시스-관련 생화학적 현상들은 Jurkat T 세포에 anti-apoptotic Bcl-2 단백질을 과발현할 경우에는 나타

나지 않았다. 또한 p-coumaric acid처리에 의해 유도되는 Jurkat T 세포의 에폽토시스에는 necrosis가 수반되지

않는 것으로 확인되었다. Jurkat T 세포를 pan-caspase inhibitor인 z-VAD-fmk를 전처리할 경우, p-coumaric acid

처리에 의해 유도되는 apoptotic sub-G1 peak는 차단되어 나타나지 않았으나 Δψm loss는 여전히 나타났는데, 이

는 p-coumaric acid처리에 의한 에폽토시스의 유도에 caspase cascade 활성화가 필수적이며Δψm loss의 down-

stream 현상임을 나타낸다. 한편, FADD 및caspase-8을 함께 발현하는 Jurkat T 세포주 A3, FADD-결손 Jurkat

T 세포주 I2.1, 그리고 caspase-8-결손 Jurkat T 세포주 I9.2의 p-coumaric acid의 세포독성에 대한 감수성은 서로

유사하게 나타났는데, 이는 p-coumaric acid처리에 의한 에폽토시스의 유도가 Fas와 FasL간의 상호작용에 의해

개시되지 않음을 시사한다. p-Coumaric acid의 세포독성은 Jurkat T 세포에 비해 인체 정상 말초혈액 T 세포에서

훨씬 낮게 나타났다. 이러한 결과들은 p-coumaric acid 처리에 의해 유도되는 Jurkat T 세포의 에폽토시스가 Bak

활성화, Δψm loss, caspase-9, -3, -7, 및 -8로 이루어진 caspase cascade의 활성화, 그리고 PARP 분해에 의해 유도

되며, 또한 anti-apoptotic 단백질인 Bcl-2의 과발현에 의해서 음성적으로 조절됨을 나타낸다.
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