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The fos and jun proteins form a heterodimeric complex that interacts with the DNA regulatory element known
as the AP-1 binding site. To search for inhibitors of the fos-jun-DNA complex formation, several natural plants
extracts were screened. One of them, the methanol extRetiltd frutescenshowed inhibitory effect against

the complex formation between the fos-jun dimer and the AP-1 binding site (TGAG/CTCA). Methyl caffeate
and dibutyl phthalate (DBP) were isolated as the active constituents from the extPadtuiéscensdy
repeated column chromatography and HPLC. And thein&ues for fos-jun-DNA complex formation were
estimated as 0.29 mM and 0.55 mM, respectively. The more potent inhibitor, methyl caffeate showed cytotoxic
effect against human cancer cell line (A549 and K562).

Keywords : AP-1 binding site, Fos-Jun heterodinter frutescensMethyl caffeate, Dibutyl phthalate (DBP).

Introduction inhibit the AP-1 activity in TPA-induced tumor cells and
suppress the tumor cell growtht®

Activator protein-1 (AP-1) was first identified as a The leaf ofPerilla frutescends one of the most popular
transcription factor that binds to an essential cis-element ajarnishes in Japan and is also a folk medicine as a
the human metallothionein 2a(hMT2a) prométéP-1 is  detoxicant, antitussive and orders in Japan and Ghina.
multiprotein complex composed of the products of ftise We isolated dibutyl phthalate and methyl caffeate from the
andjun proto-oncogene famili€s’ The protein encoded by extract ofP. frutescensThey reduced the formation of fos-
the jun oncogene contains a region of 60 amino acidgun-DNA complex. The methyl caffeate is a derivative of
adjacent to its c-terminus that is 44% identical to the DNA-caffeic acid. Thus, the inhibitory activity of caffeic acid was
binding domain of the yeast transcription factor GCN4. Thecompared with that of methyl caffeate. It is also found that
ability of fos to interact with jun raised the possibility that methyl caffeate and caffeic acid showed the cytotoxic effects
fos participate directly in regulating gene expression byagainst A-549 and K-562 human cancer cell lines.
using the jun protein as an anchor to bind to DNA binding
site within the regulatory regions of specific target géfies. Experimental Section

The amino acid sequences of jun and fos reveal domains
with sequence similarity to the DNA binding domain of Expression of c-jun and c-fos proteins irkE. coli BL21
GCN4. These domains are composed of two elements : tH®E3). c-Jun and c-fos cloned into pLMI were kindly
amino-terminal is rich in basic amino acid while the provided by Mark Glover, Harvard University. These vectors
carboxy-terminal, referred to as the ‘leucine zipper’, has fivevere over-expressed iB. coli strain BL21 (DE3) using
leucines separated from each other by six amino acid$PTG induction. Cells were pelleted. The pelleted cells were
Dimerization of jun and fos proteins occuia hydrophobic  then resuspended in lysis buffer (250 mM NaCl, 50 mM
interactions between their ‘leucine zipper’ regions. The foK3;PQy, 1 mM EDTA, 0.1% -mercaptoethanol, pH 7.5)
protein does not dimerize with itself because of the electroeontaining protease inhibitors (/mL leupeptin, 0.1 mg/
static repulsions between negatively-charged side chains thatL PMSF, and Jug/mL pepstatin) at 1/40th volume of the
are abundant in its ‘leucine zipper’ regighThe increased original culture volume. The cells were lysed using soni-
DNA-binding acivity of the jun-fos heterodimer is due to its cation.
increased thermostability and a number of salt bridges Protein dimerization. The c-jun and c-fos proteins were
between the two ‘leucine zipper' regidiThe activated expressed individually and then dimerized. The cell extracts
oncogene products produce continuous signals for cell prazontaining equivalent amount of c-jun and c-fos were mixed
liferation, which could lead to neoplastic transformatfot.  at room temperature for 30 minutes.

Curcumin, a dietary pigment responsible for the yellow Preparation of 3?P-labeled probe DNA 3P-labeled
color of curry, is known to inhibit the mRNA expression of probe DNA was prepared by the standard 5'-terminal label-
c-jun in mouse fibroblast cell that is stimulated by phorboling method. 1.75 pmol of AP-1 consensus oligonucleotide
ester, and also inhibit c-jun/AP-1 binding to its cognate(purchased from Promega) was mixed with gOi (-
motif.}213 In the previous papers, we found that momordin®P)ATP and T4 polynucleotide kinase. The mixture was
and dihydroguaiaretic acid isolated from the natural plantsncubated at 37C for 30 minutes and the reaction was
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guenched with 0.5 M EDTA.

Electrophoresis mobility shift assay (EMSA) The i
binding of the jun-fos dimer with the DNA probe was -
investigated using electrophoresis mobility shift assay. The
dimer and DNA were mixed in gel shift buffer (20%
glycerol, 5 mM DTT, 250 mM NaCl, 50 mM Tris-HCI (pH
7.5), 0.25 mg/mL poly (dI-dC)). After 30-minute incubation
at room temperature, the samples were resolved on a 6
nondenatured gel. The gel was autoradiographed. To qua
tify the shifted band, each band corresponding to the jun-fos
DNA complex was excised from the gel and the radio-
activity was measured using liquid scintillation counter.

Isolation of inhibitors. The dry leaves oP. frutescens
were extracted with methanol under reflux condition for
about 2 hours. The extracts were concentrate@cug and
then, partitioned between ethyl acetate and water. The ethgigyre 1. Autoradiograph showing the result from the electro-
acetate-soluble fraction was then evaporated. The residiphoresis mobility shift assay, with antibodies against c-jun/AP-1.
were separated into nine fractions by silica gel columrAnti-c-jun/AP-1 polyclonal antibody was purchased from the Santa
Chroma’[ography, eluted with hexane_ethy| acetate. Th|CI’L!Z Biochemistry. In lane 1, no antibodies were added; lane 2,
inhibitory activity of each fraction was examined by the @ntibody 0.2ug; lane 3, 0.%g.
electrophoresis mobility shift assay. The active fractions
were further separated by repeated silica gel columifpLM1) that contained the B-Zip region offas and cjun
chromatography. Then, the final fraction was applied to theyene sequences were expressesl itoli. The B-Zip proteins
HPLC with a Ggreverse-phase column and eluted with were dimerized and used to investigate the formation of the
acetonitrile-water, to give compounds. The structure of thesdimer and DNA complex at an electrophoresis mobility shift
compounds were determined using GC-M$NMR (400  assay. To verify that the band of interest was mostly
MHz) and™*C-NMR (500 MHz). attributed to c-jun/c-fos, the anti-c-jun/AP-1 antibody was

Cell culture. A549 (human lung cancer), K562 (human used. When the cell extract was pre-incubated with the
leukemia) cell lines were purchased from Korean Cell Lineantibody, the band of interest in EMSA was weekened
Bank. Each of tumor cells was cultured in RPMI 1640 (Figure 1).
medium containing 10% fetal bovine serum and antibiotic Purification and identification of inhibitors . The meth-
antimicotic solution (Gibco BRL) and periodically sub- anol extracts oP. frutescenshowed the inhibitory effect
culture in trypsin-EDTA solution containing 0.05% trypsin against the fos-jun-DNA complex formation in concent-
and 0.53 mM EDTA. Each of the cell lines(1.0* cells/100  ration of 10 mg/mL. The methanol extract was further
uL) was plated on 96-well microplate and cultured for 24h atpurified by repeated silica gel chromatography and HPLC to
37 in a 5% CQincubator. give two active compounds. The purification efficiency of

Cell cytotoxicity test The sample was dissolved in methyl caffeate was about 0.0015%. The structures of these
DMSO, sterilized with a 0.2gm PVDF filter, and serially = compounds were identified to be dibutyl pthalate (DBP) and
5-fold diluted from 40Qug/mL to 0.0256ug/mL. It was then  methyl caffeate by the instrumental analysis data (Figure 2A
added into a 96-well microplate containing the human tumoand B). The”*C-NMR and the'H-NMR spectra of DBP are
cells. The concentration of DMSO was below 0.5%. Theshown in Table 1. The weight of the molecular ion was
cells were cultured for 48 h at 3T in a CQ incubator.  determined by mass-spectrum analysis and found to be
MTT (3-(4,5-Dimethyl-thiazole-2-yl)-2,5-diphenyltetrazo- 278.4 (GeH2204: dibutyl phthalate) and 194.1 {§11004:
liumbromide) was dissolved in physiological saline (2 mg/methyl caffeate).

mL) and filtered through a 0.22m PTFE filter. After the Inhibitory effect on jun-fos-DNA complex formation.

MTT solution was added into the each well of the 96-wellThe activation of fos-jun is a crucial factor in transmitting
microplate, the plate was incubated for an additional 4 hourthe tumor promoting signal from the extracellular environ-
at 37°C in an incubator. Microplates were centrifuged atment to nuclear transcription machinery. The final steps in
1000 rpm for 10 min, and supernatants were removed. Thgignal transduction is the binding of fos-jun to the AP-1
formazan formed from MTT was dissolved in 100 of DNA site in order to express genes. It is expected that the
DMSO. The absorbance was measured at 540 nm. Eke ICinhibitory drugs for the fos-jun dimer function will play an
(50% Inhibition Concentration) value was calculated by themportant role in reversing the tumor promotion. The

= jun-fos-DMA

linear regression method. inhibitory effect of the isolated compounds were evaluated
by the EMSA method. Shown in Figures 3 and 4, thg IC
Results and Discussion values of DBP and MC are 0.55 mM and 0.29 mM,
respectively.

Expression of c-jun and c-fos proteinsCloning vectors DBP is used as a plasticizer in films covering tablets,
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(B) Inhibitory activity profile of DBP
Figure 3. Inhibitory effect of DBP on fos-jun-DNA complex
o o formation. The entire reaction mixture with DBP solubilized in
Caffeic acid DMSO was incubated at room temperature for 30 minutes, and
Figure 2. The structures of inhibitors. then electrophor¢5|s was performed. After autoradlqgraphy, each
band corresponding to jun-fos-DNA complex was excised from the
gel and radioactivity was measured by liquid scintillation counting.
Table 1 °C-NMR and'H-NMR chemical shift of DBP The value of DBP-treated samples was compared with that o
DMSO-treated controls. Lane 1: control (w/o drug), lane 2: 0.2
No. of C 9 (ppm) No. of H 6 (ppm) mM of DBP, lane 3: 0.3 mM, lane 4: 0.5 mM, lane 5: 1 mM, lane 6:
C-1 167.68 1.8 mM, lane 7: 3 mM.
C-2 132.33
g‘j igg':g ((::43;' ;'gi the potential usefulness of caffeic acid ester derivatives in
C'5 o5 '88 05'H 4'23 tumor inhibition, we investigated the activity of caffeic acid.
C'6 36'57 06'H 1'65 Caffeic acid showed relatively lower inhibitory activity than
C'7 22'98 C7-H 1'35 methyl caffeate. (I of caffeic acid, 0.58 mM)
C'8 14'16 C8'H 0'80 To specify whether the inhibitor binds to dimer or to DNA,
- : ' : the EMSA was used. The retardation band which was

decreased by methyl caffeate was not restored, in spite of

increasing dimer concentrations (data not shown), but the
dragees and capsules. Testicular toxicity and male reprodudecreased band was restored to the original state with
tive tract effects of DBP have been reported. Besides, it waisicreased DNA concentrations (Figure 6). And then, the
known as a triggering agent of anaphylactic reactions t@hange rate of radioactivies with increasing dimer was
drugs®*? We regarded that DBP is not adequate as amquivalent to that of control radioactivity without an inhi-
anticancer drug. bitor. It is assumed that the inhibitory action of DBP and

Methyl caffeate was known as antioxidants and its inhibi-methyl caffeate may not come from dimer-binding, but

tory effects on cytokine-induced proliferation of murine rather from inhibitory interaction with DNA.
cultured mesangial cells were investigatedn addition, Cytotoxicity of inhibitors . The cytotoxicity was investi-
methyl caffeate is known to be a potent inhibitor of humangated by the MTT assay. As shown in Table 2, thev&lue
colon tumor cell growtR:??> Methyl caffeate is one of deriv- of methyl caffeate for A549 was 0.07 mM, and for K562
atives of caffeic acid contained i frutescensBecause of was 0.2 mM.
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70k Figure 6. Radioactivity with increasing DNA concentration. fos-
lun dimer: 5uL, methyl caffeate: 0.24 mM, lane 1-5: 1, 2, 3, 4, 5

60 1L of DNA.

Table 2 1Cs values of inhibitors in the MTT cytotoxicity test

Inhibition (%)

30 (mM). Data was averaged from the triplet of the two independent
20 F experiments
10 A549 K562
0 ' : : curcumin 0.0038 0.0019
0 05 ! 1.5 2 methyl caffeate 0.07 0.2
Concentration of methyl caffeate (mM) caffeic acid 1 N. A

(B) Inhibitory activity profile of methyl caffeate

Figure 4. Inhibitory effect of methyl caffeate on fos-jun-DNA
complex formation. The entire reaction mixture with methyl molecular mechnism d?. frutescenss Chinease drug. In
caffeate solubilized in DMSO was incubated at room temperaturgpig study, we concluded that methyl caffeate block DNA

for 30 minutes, and then electrophoresis was performedr Afte,.. .. - I . .
autoradiography, each band corresponding to jun-fos-DNAb'nd'ng onto transcription factor, jun-fos dimer. This natural

complex was excised from the gel and radioactivity was measure@roduct may facilitate the design of other improved agents
by liquid scintillation counting. The value of inhibitor-treated Which reverse the cancer promotion by interrupting the jun-
samples was compared with that of DMSO-treated controls. Lanéos transcription factor.

1: control (w/o drug), lane 2: 0.2 mM of methyl caffeate, lane 3:  Acknowledgment This research was supported by Korean
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