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Abstract

Glutathione S-transferase P1-1 (GSTP1-1) is a phase II drug metabolism enzyme implicated in carcinogenesis and development of

resistance to anti-cancer drugs. It was previously shown that both activating protein 1 (AP-1) and nuclear factor kB (NF-kB) are involved

in its regulation. In the present study we examined the inhibitory effect of several chemopreventive agents on the tumor necrosis factor

(TNF) a- or 12-O-tetradecanoylphorbol 13 acetate (TPA)-induced promoter activity of GSTP1-1, as demonstrated by transient

transfection experiments in K562 and U937 leukemia cells. Our results provide evidence for a differential effect of chemopreventive

agents such as b-lapachone, emodin, sanguinarine and capsaicin, which significantly inhibit reporter gene expression as well as TNFa-

and TPA-induced binding of AP-1 and NF-kB, whereas trans-anethole and silymarin do not produce any inhibitory effect. Our results

demonstrate the ability of selected chemopreventive agents to decrease GSTP1-1 gene expression mechanisms and could thus contribute

to reduce the incidence of glutathione related drug resistance in human leukemia.

# 2004 Elsevier Inc. All rights reserved.

Keywords: GSTP1-1; Chemopreventive agents; Carcinogenesis; Drug resistance; Leukemia

1. Introduction

Glutathione S-transferase P1-1 (GSTP1-1) is a hetero-

dimeric enzyme with subunits varying between 23 and

28 kDa. This enzyme is a member of the GST (EC

2.5.1.18) multigene superfamily which is classified into

eight distinct gene families coding for seven cytosolic

isoforms (alpha, mu, pi, theta, omega, kappa and zeta)

and one microsomal form [1].

GSTP1-1 is a phase II drug metabolism enzyme playing

an important role in cell detoxification by conjugating

electrophilic compounds to glutathione, allowing their

export through the GS-X pump [2]. However, it is also

implicated in carcinogenesis [3–7] and development of

anti-cancer drug resistance [8–11]. Indeed, GSTP1-1 over-

expression is associated with cisplatin resistance in head

and neck squamous cell carcinoma [12] and with poor

prognosis in breast cancer [13].

Moreover, GSTP1-1 expression is found to be elevated

in many gastric cancers and esophagus tumors even though

in the corresponding normal tissues the protein is either

absent or expressed at very low levels [14]. It was shown

that GSTP1-1 over-expression in cholangiocarcinoma

[15], ovary carcinoma [5,16–19] and leukemia [20] leads

to resistance to chemotherapy.

At the molecular level, GSTP1-1 is regulated by a

minimal promoter, containing one AP-1, two Sp-1 binding

sites [21,22], as well as one NF-kB [23] and one GATA-1

binding site [24] which regulate GSTP1-1 gene expression

under various physiological conditions including inflam-

mation and erythroid differentiation.
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Chemoprevention is a novel anti-cancer approach with

less secondary effects compared to classical chemotherapy

[25,26]. Chemopreventive agents are natural or synthetic

chemical products that allow suppression, delay or inver-

sion of carcinogenesis [27]. They were described to act as

anti-oxidants [28–30], anti-inflammatory [28,31] and anti-

tumoral agents [32–35]. Some compounds showed anti-

viral [36], anti-bacterial [37–39] or anti-fungal [40] proper-

ties and induced apoptosis in cancer cell lines [41–47].

In this study we used the natural agents b-lapachone,

trans-anethole, emodin, sanguinarine, capsaicin and sily-

marin in order to confirm their effect on GSTP1-1 transcrip-

tional control in leukemia cells. We showed recently that

curcumin, a powerful chemopreventive agent, can induce

apoptosis as well as inhibit GSTP1-1 expression through the

inhibition of AP-1 and NF-kB binding on the GSTP1-1

promoter [48]. We extended our studies to other chemopre-

ventive agents by investigating the cytotoxic effect of each

agent on two leukemia cell lines, K562 and U937.

In opposition to trans-anethole and silymarin, we

demonstrated that b-lapachone, emodin, sanguinarine

and capsaicin were able to inhibit TNFa- or TPA-induced

GSTP1-1 promoter induction using reporter gene assays.

Results were confirmed by electromobility shift assays

using consensus and GSTP1-1 NF-kB and AP-1 binding

sites. Overall, this study underlines the differential effect of

natural chemopreventive agents in different leukemia cell

lines and their potential interest as inhibitors of GSTP1-1

expression.

2. Materials and methods

2.1. Cells and medium

K562 (human chronic myelogenous leukemia) and

U937 (histiocytic lymphoma) cells were cultured in RPMI

medium (Bio-Whittaker) containing 10% (v/v) fetal calf

serum (FCS) (Bio-Whittaker) and 1% (v/v) antibiotic-

antimycotic (Bio-Whittaker) at 37 8C and 5% of CO2.

Before treatments, cells were cultured in RPMI with

0.1% (v/v) FCS and 1% (v/v) antibiotic-antimycotic for

72 h at 37 8C.

2.2. Compounds

TNFa, b-lapachone, emodin, sanguinarine, capsaicin,

trans-anethole and silymarin were purchased from Sigma,

while 12-O-tetradecanoyl phorbol 13-acetate (TPA) was

obtained from MP-Biomedicals. TNFa was dissolved at

10 mg/ml in 1X PBS supplemented with 0.5% (w/v) BSA

according to the manufacturer instructions. TPA, b-lapa-

chone, emodin and silymarin were dissolved in 100%

DMSO at 1 mM, 10 mM, 30 mg/ml and 100 mM, respec-

tively. Sanguinarine was dissolved at 10 mM in 100%

methanol and capsaicin was dissolved at 150 mM in

100% ethanol. Trans-anethole was purchased as a 6.8 M

solution. All subsequent dilutions were made in cell culture

media.

2.3. Cytotoxicity assay

The percentage of cell death was determined using

CytoTox 96 Non-Radioactive Cytotoxicity Assay kit (Pro-

mega).

2.4. Electrophoretic mobility shift assay (EMSA)

Nuclear extracts were prepared using the method

described by Müller et al. [49] and stored at �80 8C.

The following oligonucleotides and their complementary

sequences were used as probes: AP-1 GST (AP-1 site of

human GSTP1-1 promoter) 50-GCCGTGACTCAGCAC-

TGGGG-30, AP-1 C (consensus AP-1 site in the collage-

nase promoter) 50-CGCTTGATGACTCAGCCGGAA-30,
NF-kB C (consensus NF-kB site) 50-AGTTGAG-

GGGACTTTCCCAGGC-30, GSTP1-1 NF-kB (NF-kB site

of human GSTP1-1 promoter) 50-TCTTAGGGAATT-

TCCCCCCGCGA-30 and mutated NF-kB D: 50-TCTTA-

CTCAATTTCCCCCCGCGA-30. Probes were hybridized

and labeled as previously described [22].

Five micrograms of cell nuclear extracts were incubated

for 20 min at 4 8C with 32Pg-ATP labeled probe. In super-

shift/immunodepletion experiments, the nuclear extracts

and labeled probes were incubated for 30 min on ice prior a

30 min incubation with 2 mg antibody on ice, for NF-kB

antibodies, and after 25 min incubation with 2 mg antibody

on ice, for AP-1 antibodies. In competition experiments

nuclear extracts and 50-fold molar excess of unlabeled

probes were pre-incubated in the reaction mixture for

20 min on ice.

2.5. Transient transfections

The promoter constructs used were described previously

[23]. Transfections of K562 cells were performed by elec-

troporation using a BioRad gene Pulser. For each experiment

3.75� 106 cells at a concentration of 1.5� 107 cells/ml were

electroporated at the following settings: 250 V and 500 mF.

Five micrograms luciferase reporter gene construct and 5 mg

Renilla plasmid were used for each pulse. After 48 h cells

were harvested and resuspended in growth medium (RPMI/

FCS 10%) to a final concentration of 105 cells/ml with or

without treatments. Before luciferase activity was measured,

75 ml Dual-GloTM Luciferase Reagent were added to cells

for a 10 min incubation at 22 8C. Then, 75 ml Dual-GloTM

Stop & Glo1 Reagent were added for 10 min at 22 8C in

order to assay Renilla activity. Luciferase and Renilla

activities were measured using an Orion microplate lumin-

ometer (Berthold) by integrating light emission for 10 s.

Results are expressed as a ratio arbitrary units of firefly

luciferase normalized to Renilla luciferase. The plasmids
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used were termed p-1175 representing the GSTP1-1 gene

promoter betweenþ8 and –1175 relative to the transcription

start site, p5xNF-kB containing five repeats of a consensus

NF-kB site and p5xAP-1 containing five repeats of a con-

sensus AP-1 site.

3. Results

3.1. Cytotoxic effect of chemopreventive agents on

human leukemia cell lines

In order to study the potential therapeutic effects of

different chemopreventive agents, we measured the survi-

val of K562 and U937 leukemic cell lines. Cells were

treated with different concentrations of b-lapachone, trans-

anethole, emodin, sanguinarine, capsaicin or silymarin for

24 h. As shown in Fig. 1A, cytotoxicity of b-lapachone

increased after 5 mM to reach a maximum of 60% cell

death in K562 cells but had no effect in U937 cells.

Cytotoxicity of trans-anethole was similar for both cell

lines and increased in a concentration-dependent manner to

reach 77 and 82% in K562 and U937, respectively at

10 mM trans-anethole (Fig. 1B). Emodin did not have a

strong cytotoxic effect as only 43 and 26% of cell death

were obtained in K562 and U937, respectively, after a

250 mg/ml treatment (Fig. 1C). Similarly to trans-anethole,

sanguinarine had a cytotoxic effect on both cell lines in a

Fig. 1. Effect of chemopreventive agents on K562 and U937 cell death. Cells were treated with b-lapachone (A), trans-anethole (B), emodin (C), sanguinarine

(D), capsaicin (E) and silymarin (F) for 24 h. Cell death was determined using LDH release measurement. Assays were repeated three times.
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concentration-dependent manner as 78% and 68% of cell

death were obtained in K562 and U937, respectively, after

a 25 mM treatment (Fig. 1E). Capsaicin induced 45% cell

death at 1 mM in K562 whereas 60% of cell death was

obtained in U937 (Fig. 1D). Silymarin induced cellular

death at concentrations above 500 mM in both cell lines

(Fig. 1F).

3.2. Inhibition of TNFa- or TPA-activated transcription

by chemopreventive agents

We next examined the effect of the different chemopre-

ventive agents on TNFa-induced GSTP1-1 gene promoter

activity. A human GSTP1-1 genomic fragment of 1175 bp

was ligated upstream of the firefly luciferase reporter gene

(p-1175) and was assessed for luciferase activity in K562

cells. Results were compared to a reporter gene under the

control of five repeats of a previously identified TNFa-

inducible NF-kB site within the promoter [23]. In order to

demonstrate the inhibitory potential of the natural com-

pounds used in this study, we pretreated K562 cells with

various concentrations of chemopreventive agents before

challenging with TNFa at 0.5 ng/ml. Results show that b-

lapachone, emodin, sanguinarine or capsaicin induced

inhibition of a TNFa-induced reporter gene controlled

by the GSTP1-1 NF-kB site whereas pretreatments with

trans-anethole or silymarin did not produce any inhibiting

effect (Fig. 2A). Active compounds achieved a concentra-

tion-dependent inhibition of the reporter gene activity

under the control of the full GSTP1-1 promoter

(Fig. 2B). For sanguinarine and capsaicin strong transcrip-

tional inhibition could only be obtained by increasing the

concentration of these chemopreventive agents.

Similarly, we published that AP-1 plays a crucial role in

the regulated expression of GSTP1-1 and that the phorbol

ester TPA significantly increases reporter gene activity as

well as AP-1 and NF-E2 binding in K562 cells [22]. In

order to generalize our results, we compared inhibitory

effects of chemopreventive agents on reporter genes under

the control of both a consensus AP-1 repeat (Fig. 3A) and

the AP-1 site within the GSTP1-1 promoter (Fig. 3B) both

challenged by TPA at 100 nM. As for TNFa, induction by

TPA was concentration-dependently inhibited by chemo-

preventive agents b-lapachone, emodin, sanguinarine or

capsaicin whereas trans-anethole did not induce any inhi-

bition. Silymarin interestingly induced a significant 1.4-

fold induction of luciferase activity (Fig. 3A).

3.3. Inhibition of TNFa-induced NF-kB binding by

chemopreventive agents

We previously demonstrated that the chemopreventive

agent curcumin inhibits GSTP1-1 mRNA and protein

expression as well as NF-kB and AP-1 binding activities

[48]. In order to select novel inhibitors of glutathione-

based drug resistance mechanisms, K562 cells were pre-

treated for 2 h with different concentrations of b-lapa-

chone, emodin, sanguinarine or capsaicin before

treatment with 0.5 ng/ml TNFa. Nuclear extracts were

then examined for NF-kB binding by EMSA using two

probes: the NF-kB site located at �323 on the GSTP1-1

promoter (GSTP1-1 NF-kB) compared to a consensus NF-

kB site (NF-kB C). In K562, the four chemopreventive

agents decreased the TNFa-induced NF-kB binding on

both consensus (Fig. 4A) and GSTP1-1 NF-kB binding

sites (Fig. 4B). b-lapachone and emodin reduced NF-kB

binding to basal level at 1 mM and 50 mg/ml, respectively.

However, sanguinarine and capsaicin completely abolished

NF-kB binding from 5 and 300 mM, respectively.

3.4. Inhibition of TPA-induced AP-1 binding by

chemopreventive agents

We next examined by EMSA the effect of the chemo-

preventive agents on TPA-induced AP-1 binding using

both the consensus binding site from the collagenase

promoter (AP-1 C) and the corresponding GSTP1-1 pro-

moter site (AP-1 GST). K562 cells were pretreated with

different concentrations of b-lapachone, emodin, sangui-

narine or capsaicin before treatment with TPA (100 nM).

As for NF-kB binding, in K562, b-lapachone and emodin

were found to reduce the binding to basal level from 1 mM

and 50 mg/ml, respectively, whereas sanguinarine and

capsaicin completely abolished binding on both sites from

and 300 mM, respectively (Fig. 4C and D).

3.5. Characterization of NF-kB and AP-1 binding

In order to characterize NF-kB and AP-1 binding activ-

ities, we realized immunodepletion assays as well as

competition experiments. U937 cells were treated with

0.5 ng/ml TNFa for NF-kB and with 100 nM TPA for

AP-1. Nuclear factors were analyzed by EMSA using the

corresponding wild type and mutated sites. The use of NF-

kB-specific antibodies demonstrates the presence of p50/

p65 and p65/p65 dimers (Fig. 5A) whereas antibodies

directed against AP-1 isoforms determined that the

observed complexes include c-Jun, JunD and JunB

(Fig. 5B). Competition assays show that cold GSTP1-1

NF-kB and AP-1 probes abolish binding whereas the

mutated counterparts have no effect on its specificity

(Fig. 5C and D).

4. Discussion

Glutathione S-transferases are a family of enzymes

catalyzing cellular detoxification of xenobiotics. However,

increased levels of the human pi class isoenzyme GSTP1-1

are correlated to carcinogenesis and resistance of cancer

cells to oxidative stress and chemotherapeutic drugs. We

recently demonstrated that the use of curcumin, a chemo-
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preventive agent extracted from Curcuma longa, leads to

reduction of GSTP1-1 expression through the inhibition of

AP-1 and NF-kB binding onto the GSTP1-1 promoter [48].

In order to extend these results, we demonstrate that

chemopreventive agents have a differential effect on TNFa-

and TPA-induced GSTP1-1 expression as b-lapachone,

emodin, sanguinarine and capsaicin significantly inhibit

GSTP1-1 promoter activity whereas trans-anethole or

silymarin do not.

Chemopreventive agents are considered to display anti-

oxidant and anti-inflammatory properties but each compo-

nent has its own characteristics. b-lapachone is extracted

from the Lapacho tree and is known for inhibiting TNFa-

induced NF-kB and AP-1 binding in U937 leukemic cells

[31]. In this cell line, b-lapachone inhibits TNFa-induced

apoptosis. On the other hand, activation of apoptosis was

described in MCF7 and T47D breast cancer cells [44] and

in HL-60 cells line [45]. Results obtained during this study

Fig. 2. Effect of chemopreventive agents on TNFa-induced GSTP1-1 promoter activity. (A) K562 cells were transiently transfected with 5 mg of the

luciferase reporter pGSTNF-kB plasmid. Transfected cells were pretreated for 2 h with 5 mM b-lapachone, 1 mM trans-anethole, 50 mg/ml emodin, 5 mM

sanguinarine, 300 mM capsaicin or 50 mM silymarin before treatment with 0.5 ng/ml TNFa for 8 h. (�) P < 0.05; (��) P < 0.01 (compared to TNFa treated

control). (B) K562 cells were transiently transfected with 5 mg of the luciferase reporter p-1175 plasmid. Transfected cells were pretreated for 2 h with

different concentrations of b-lapachone, emodin, sanguinarine or capsaicin before treatment with 0.5 ng/ml TNFa for 8 h. Luciferase activity was measured

and results are the mean of three independent experiments.
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confirm the cell-specific effect of b-lapachone on apoptosis

since cytotoxic assays strongly differ between U937 and

K562 cells. Indeed, U937 cells remain unaffected by

growing b-lapachone concentrations, while a high cyto-

toxic effect could be observed in K562 cells treated at

concentrations above 5 mM of b-lapachone.

Emodin, present in Rumex hymenosepalus [50], Rheum

palmatum [46] and Cassia siamea [33], is a powerful anti-

Fig. 3. Effect of chemopreventive agents on TPA-induced GSTP1-1 promoter activity. (A) K562 cells were transiently transfected with 5 mg of the luciferase

reporter p5xAP-1 plasmid. Transfected cells were pretreated for 2 h with 5 mM b-lapachone, 1 mM trans-anethole, 50 mg/ml emodin, 5 mM sanguinarine,

300 mM capsaicin or 50 mM silymarin before treatment with 100 nM TPA for 4 h. Luciferase activity was measured and results are the mean of three

independent experiments. (B) K562 cells were transiently transfected with 5 mg of the luciferase reporter p-1175 plasmid. Transfected cells were pretreated

for 2 h with different concentrations of b-lapachone, sanguinarine, emodin or capsaicin before treatment with 100 nM TPA for 4 h. Luciferase activity was

measured and results are the mean of three independent experiments.
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inflammatory component, as it can dramatically inhibit

TNFa-induced NF-kB in EC cells [51]. Its ability to block

cancer progression in human cervical cancer [52] as well as

in lung carcinoma [53] makes it a good candidate for novel

therapies. Indeed, Fenig et al. showed that association of

aloe-emodin with usual chemotherapeutic agents such as

cis-platinol, doxorubicin and 5-fluorouracyl potentiates

their ability to inhibit proliferation of Merkel cell carci-

noma [54]. However, emodin displayed a weak cytotoxic

action, compared to other chemopreventive agents used in

this work, as percentage of cell death did not rise above

50% in K562 and U937 cell lines.

Sanguinarine is extracted from Sanguinaria canadensis

L. and is widely used in toothpaste to reduce bacterial

plaque [55]. It can inhibit TNFa-, TPA-, IL-1b- or okadaic

acid-induced NF-kB activation [56] and induce apoptosis

in low-level Bcl2 expressing cells, such as the K562 cell

line. Moreover, it was found to be cytotoxic for human PC3

Fig. 4. Effect of chemopreventive agents on TNFa-induced NF-kB binding and TPA-induced AP-1 binding. K562 cells were treated for 1 h with 0.5 ng/ml

TNFa or 100 nM TPA with or without a 2 h pretreatment with different concentrations of b-lapachone, emodin, sanguinarine or capsaicin at various

concentrations. Nuclear extracts were analyzed by EMSA with (A) consensus NF-kB probe, (B) GSTP1-1 NF-kB probe, (C) consensus AP-1 probe and (D)

GSTP1-1 AP-1 probe. Arrows designate specific binding activities.
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prostate adenocarcinoma cells as well as for human epi-

dermoid carcinoma (A431) cells and normal human epi-

dermal keratinocytes (NHEKs) [57]. As for PC3 cells,

sanguinarine induces high levels of death in K562 cells,

thus confirming the results mentioned above for the same

cell line [56]. Furthermore, our data allow us to extend this

important cytotoxic effect to the U937 cell lineage.

The effect of the pepper extract capsaicin was pre-

viously discussed as this compound blocks the develop-

ment of lung tumors [32] but at the same time initiates

stomach tumors in mice [25]. It was shown that popula-

tions eating large quantities of pepper develop more

stomach and liver cancer [58]. However, capsaicin

inhibits TPA-induced NF-kB and AP-1 binding in numer-

ous cancer cell lines [26,59–61]. Cytotoxicity studies

show that capsaicin has a significant death-inducing

effect in K562 and U937 cells, which is slightly higher

in U937.

The extract of fennel and anise, trans-anethole, has

strong anti-tumoral effects especially in colon cancers

[35,62,63], and induces apoptosis in isolated rat hepato-

cytes [64]. In leukemic cell lines such as U937 and K562

we have observed a very strong mortality at concentrations

above 5 mM.

Silymarin is a mixture of several components: silybin,

isosilybin, silydianin and silychristin extracted from the

thistle Silybum marianum L. Gaertn. Results obtained

during this study show that U937 cells are extremely

Fig. 5. Characterization of TNFa- and TPA-induced binding. U937 cells were treated for 1 h with 0.5 ng/ml TNFa (A and C) or for 2 h with 100 nM TPA (B

and D). Nuclear extracts were analyzed by EMSA using radiolabeled NF-kB (A and C) and AP-1 (B and D) probes derived from the GSTP1-1 promoter.

Supershift experiments were realized using antibodies directed against NF-kB (p50, p52, p65, cRel, RelB, Bcl3) (A) and AP-1 transcription factor families (c-

Jun, JunB, JunD, Fra1, Fra2, c-Fos, FosB, Nrf1, Nrf2, NFE2 p45, NFE2 p18) (B) (SS designates supershifted binding activity). Competition experiments were

realized using wild type GSTP1-1, mutated GSTP1-1 and consensus competitor probes for NF-kB (C) and AP-1 (D) as indicated.
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sensitive to the presence of silymarin, as this treatment

elicits complete cell death at a concentration of 750 mM.

As for U937, K562 cells exhibit significant mortality for

the highest concentrations used.

In order to assess the activity of the different chemo-

preventive agents on the TNFa- and TPA-induced tran-

scriptional activity of the GSTP1-1 gene promoter, we

performed transient transfection assays. As transfection

efficiency was rather low in the case of U937 cells, we only

present the results obtained for K562 cells. The data

obtained during this study allow us to classify the different

substances into two distinct groups. A first set of transfec-

tions was realized with a reporter gene under the control of

five repeats of a TNFa-inducible NF-kB site within the

promoter. Our results show that trans-anethole and sily-

marin did not have any significant effect on GSTP1-1

promoter activity after TNFa induction, whereas the four

other compounds displayed an inhibitory activity. For the

latter, a second set of transfections was performed with

increasing concentrations of the various substances on a

genomic fragment of 1175 bp of the human GSTP1-1 gene

promoter driving the expression of a reporter gene. These

results show that the chemopreventive agents capsaicin, b-

lapachone, emodin and sanguinarine inhibit GSTP1-1

expression in a concentration-dependent manner on the

genomic promoter fragment.

Transient transfection experiments were then performed

on TPA-treated cells using reporter genes whose expres-

sion is driven either by an AP-1 consensus repeat or by the

1175 bp genomic fragment. These transfections displayed

similar results as those obtained with TNFa induction,

except in the case of silymarin where a further induction of

the GSTP1-1 expression could be observed with the AP-1

consensus repeat. Interestingly, recent results show that

resveratrol, a natural phytoalexin, induces the NF-kB and

AP-1 pathways in K562 rather than inhibiting pro-inflam-

matory mechanisms (unpublished results). Data obtained

by transfections of the genomic fragment and TPA treat-

ment are analogous to those obtained with TNFa on the

same construct. Furthermore, the results of the concentra-

tion-dependent transfections allow us to assess the effect of

these chemopreventive compounds to the whole promoter

instead of a single consensus sequence.

The concentration-dependent inhibition of GSTP1-1

expression parallels the increased cell death observed

during cytotoxicity measurements. This tendency confirms

the significant role of GSPT1-1 expression in leukemic as

well as other cancer cell lines as previously shown [8–11].

Furthermore it can be noted that the inhibition of AP-1 and

NF-kB transcriptional activity is not due to cell death, as

the percentage of the latter is low as compared to the

decrease in transcriptional activity. This result is confirmed

by the Renilla luciferase control, whose expression did not

exhibit significant changes during the different treatments

performed in this work. Finally, for transfection experi-

ments, no noticeable cell death could be observed after

4–8 h of treatment by TPA or TNFa following a 2 h

pretreatment by the different chemopreventive agents.

As GSTP1-1 expression decreases after capsaicin, b-

lapachone, emodin or sanguinarine treatment, we inves-

tigated their effect towards the TNFa- and TPA-induced

binding of NF-kB and AP-1 transcription factors on the

GSTP1-1 promoter. As expected, EMSA experiments

performed on K562 nuclear extracts showed an inhibition

of the NF-kB and AP-1 binding induced by TNFa and

TPA, respectively. These results were obtained with either

consensus as well as GSTP1-1 promoter NF-kB binding

sites or with consensus or GSTP1-1 promoter AP-1

binding sites. These EMSA studies are consistent with

the concentration-dependent inhibition of GSTP1-1 gene

expression described in this paper. Nevertheless, it is

noteworthy to mention that none of the chemopreventive

agents completely annihilated reporter gene activity. It

was previously shown that GSTP1-1 constitutive expres-

sion is partially under the control of two SP-1 sites located

at �57 and �47 [65]. Previous results from our group

revealed the involvement of GATA-1 in the regulated

expression of the GSTP1 gene [24]. Those transcription

factors were never described to be affected by chemo-

preventive agents and could contribute to the basal repor-

ter gene expression levels.

Overall, numerous chemopreventive agents specifically

regulate human GSTP1-1 transcriptional control mechan-

isms. Our results reveal that b-lapachone, emodin, sangui-

narine and capsaicin are good candidates to be used in

association with usual chemotherapeutic drugs in order to

decrease the molecular mechanisms at the origin of resis-

tance phenomenon due to GSTP1-1 activation in human

leukemia.
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