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Abstract. The objective of this study was to gather insights and compare the mode of action of
the non phorbol, diterpene mezerein with the phorbol ester, phorbol-12-myristate-13 acetate, in
normal and transformed cells. Both phorbol-12-myristate-13 acetate and mezerein are shown to
activate the signal transduction pathways involving post translational modification of proteins by
poly ADP-ribosylation and by protein kinase C, but to varying extents and showed different time
kinetics and cell type differences. Multiple nuclear proteins, especially histones H3d, A24 and HI
served as acceptors of poly ADP-ribose in response to PMA in both NIH 3T3 and HDCS cells
whereas H1 and H2B were the major acceptors in case of mezerein treatment, similarly in both
NIH 3T3 and HDCS cells. The results suggest an epigenetic mechanism (s) in tumour promotion
by mezerein.
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1. Introduction
Chemical carcinogenesis is well defined as a multistep process in mouse skin model
with tumour promotion as an essential component (DiGiovanni 1992). Tumour
promoters lead to altered gene expression and chromatin structure as well as disturbances in signal transduction pathways (Cerutti 1985). The potent phorbol ester tumour
promoter phorbol-12-myristate-13-acetate (PMA) is a membrane acting agent and
mediates part of its action through active oxygen species (Sun 1990; Birnboim 1986).
Mezerein a diterpene, is comparable in efficacy to the more potent phorbol ester PMA
as an inflammatory agent but is 50 times less potent as a complete tumour promoter
(Fibac et al 1984). PMA and mezerein have been shown to share common biological
and biochemical effects in mouse skin (Mufron et al 1979). The present study was
undertaken to explore how mezerein exerts its tumour promoting effect in comparison
to PMA via post translational signal transduction mechanism(s) in both normal and
transformed cells. Mezerein was found to follow the same pathway like PMA, i.e., poly
ADP-ribosylation and protein kinase C (PKC) pathway but to different extents.
2. Materials and methods
PMA, mezerein, phosphatidyl-L-serine, alcohol dehydrogenase were purchased from
Sigma Chemical Co., St. Louis, Mo, USA.
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2.1 Cell culture
Monolayer cultures of normal human diploid kidney cells (HDCS), mouse embryo
fibroblast cells (NIH3T3) and transformed human epidermoid cells (A431) were grown
in DMEM supplemented with 10% fetal calf serum and antibiotics. Cells were treated
for varying periods of time with either PMA (25 ng/ml) or niezerein (125 ng/ml).
2.2 Assay of poly ADP-ribose polymerase activity
The cells were permeabilized and assayed for the enzyme activity (Jacobson et al 1980).
2.3 Estimation of NAD+
NAD+ was extracted with ice-cold 0·1 M NaOH containing 1mM niacinamide and
estimated by the method of Jacobson et al (1979).
2.4 Assay of acceptor proteins for poly ADP-ribose
The acceptor proteins for poly ADP-ribose were isolated and characterized by
the method of Adamietz and Rudolph (1984) as modified by Krupitza. and Cerutti
(1989).
2.4a Isolation of nuclei: Nuclei were isolated from cells post tumour promoter
treatment and released by homogenization, layered on top of a sucrose cushion,
pelleted at 800 g in a refrigerated Sorvall centrifuge for 10 min.
2.4b Extraction of histones: Histones were extracted from the nuclear pellet, with
10 ml of 0·25 M H2 SO4 for 30 min, and once with 10 ml of 0·15 M H2 SO for 15 min.
Acid soluble proteins were precipitated by 25% TCA and centrifuged at 5500 g for 2 h
at 4°C. The supernatant was discarded, the pellet was washed with cold ethanol and
acetone and dissolved in 8 ml of buffer (6 a guanidine hydrochloride, 50 mM sodium
phosphate, and 5 mM 2-mercaptoethanol, pH 6·5). The pH of the pellet solution
containing the histones was adjusted to 8·2 by addition of 400 µl of 1 M morpholine
buffer, pH 8·7. The poly (ADP-ribosylated) proteins were separated by boronate
chromatography.
2.4c Separation of poly ADP-ribosylated proteins: PBA-30 column was activated as
described by Krupitza and Cerutti (1989) before the application of nuclear protein.
Unbound proteins were eluted with 6 M guanidine-HCl, 50 mM morpholine, pH 8·2
and poly ADP-ribosylated proteins were released with 6 M guanidine-HCL, 200 mM
sodium phosphate buffer, pH 5·5. The eluate was dialyzed against 0·6% CH3 COOH
and 6M urea at 4°C; then lyophilized and dissolved in sample buffer (30 mM
phosphoric acid, 1% SDS, l% B-mercaptoethanol, 4·5 a urea, pH 6·0). Histones were
separated on 15% SDS-PAGE and the bands visualized by Coomasie blue staining.
Low molecular weight proteins and histone-2A were used as standard marker.
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2.5 PKC assay
PKC activity was determined by measuring Ca2+ and phospholipid dependent phosphorylation of lysine rich histones and determining the incorporation of [r -32P] into
histone from [r -32P] ATP. The radioactivity incorporated was quantitated by scintillation
counting (Castagna et al 1982) and PKC activity was expressed as pmol/min/mg protein.

Figure 1. Effect of PMA and mezerein on PADPR polymerase activity. The cells were treated
with PMA and mezerein for the indicated time periods and polymerase activity estimated. Each
value is a mean ± SD of two separate experiments, each performed in duplicate.
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Results

3.1 Stimulation of poly ADP-ribosylation by tumour promoters
A comparison of the effect of PMA and mezerein was made on poly ADPR poiymerase
(PADPRP) activity and on the level of its substrate NAD+. The basal level of the enzyme
was higher in NIH 3T3 cells as compared to HDCS and A431 cells. PMA led to maximum
stimulation of PADPRP activity by 73-76% in NIH 3T3 cells (figure 1a) and by 97% in
HDCS cells (figure lb) at 90 min, as compared to the controls. In A431 cells PMA increased
the enzyme activity by 80% as early as 30 min post treatment and the increase continued till
3 h (figure lc). In comparison mezerein showed a time dependent slow and steady increase
in the enzyme activity in all the three cell types. The maximum stimulation observed in the
enzyme activity at 180 min post treatment was by 34% in NIH 3T3, 2·2-fold in HDCS and
44% in A431 cells as compared to the controls. The rise in enzyme activity was
accompanied by a drop in NAD+ levels of 22% in NIH 3T3 (figure 2a), 30% in HDCS cells
(figure 2b) at 90 min and by 44% in A431 cells at 3 h (figure 2c) post PMA treatment.
Mezerein treatment showed a decrease of 16% in NIH 3T3. 32% in HDCS cells at 3 h, and
of 34% in A431 cells at 90 min.
3.2 Characterization of histones as poly ADP-ribose acceptors
Histones H4, H2B, H1, A24 and H3d served as PADP-ribose acceptors in NIH 3T3
cells post PMA treatment, with H3d, A24 and H1 acting as major acceptors as noted
from higher degree of intensity of the bands corresponding to these histones. Mezerein
led to poly ADP-ribosylation of histones H1, H2B and A24, with H1 and H2B acting as
major acceptors (figure 3a). In HDCS cells histones H3d, A24, H1, H2B, H3 and H4
appeared to be the acceptors post PMA treatment, with H3d, H2B and H1 as major
acceptor whereas mezerein showed H1, H2B and H4 as the acceptors with H1 and H2B
being the major acceptors (figure 3b).
3.3

Tumour promoters led to PKC activation and translocation

To address the question whether mezerein follows a similar mechanism of action as
PMA, time dependent effects of PaA and mezerein were investigated on PKC activity
in subcellular fractions i.e., cytosol and membrane. In NIH 3T3 and HDCS cells the
basal PKC activity was found essentially in the cytosol fraction and was about 5-fold
higher as compared to the membrane fraction (table 1). But in A431 cells the basal
activity of PKC was more in the membrane fraction (table 1). Both PMA and mezerein
caused a translocation of PKC from cytosol to membrane leading to a 14-fold increase
in PKC activity in the membrane fraction at 15 min in NIH 3T3 cells, which decreased
to 2·5-fold at 90 min post treatment. Similarly in HDCS cells the basal PKC activity
was higher in cytosol. Treatment with PMA and mezerein resulted in increase in
translocation of PKC to membrane by 7-fold and 3·6-fold respectively at 15 min. In
A431 cells the membrane fraction showed higher basal PKC activity. Both PMA and
mezerein further increased the membrane PKC activity by translocation from cytosol
to the membrane at 15 min post treatment. This effect however decreased with time.
From the results it appears that PMA and mezerein are mediating their tumour
promoting effect at least partially through PKC activation.
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Figure 2. Effect of PMA and mezerein on NAD+ levels. NAD+ levels were determined post
treatment with PMA and mezerein for the indicated time periods. Each value is a mean ± SD
of two seperate experiments each performed in duplicate.

4. Discussion
Carcinogenesis is a multistage process where environmental exposure to physical,
chemical and biological agents can act as major etiological factors. Poly ADPribosylation is a novel post translational modification of chromatin proteins catalyzed
by the enzyme PADPRP using NAD+ as substrate as a consequence of DNA strand
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Figure 3. Poly ADP-ribosylation of histones proteins post PMA and mezerein treatment. NIH
3T3 (a) and HDCS (b) cells were treated with PMA and mezerein. The histones were isolated and
histone acceptors of poly ADP-ribose analysed and characterized by SDS-PAGE as described
in § 2. The lanes are (a) histone H2A, (b) control, (c) PMA, (d) mezerein and (e) Mol.wt marker.

breaks. Poly ADP-ribosylation has been reported to be involved in DNA replication,
DNA repair, gene expression, cellular differentiation as well as in chromatin structure
and plays a role in carcinogenesis (Boulikas 1991). PMA being a more potent tumour
promoter showed an early and higher degree of stimulation of PADPRP activity in

Tumour promotion by mezerein

483

Table 1. Time dependent effects of intracellular translocation of protein kinase C, post PMA and mezerein
treatment. PKC activity was determined in the cytosol and membrane fractions at the indicated time points
post tumour promoter treatment.

Each value is a mean ± SD of two separate experiments.

NIH 3T3 and HDCS cells, but a delayed stimulation in the transformed A431 cells.
Mezerein being a weak tumour promoter led to a delayed and lower level of stimulation
of the enzyme activity in all the three cell types. Thus it appears that the stimulation of
PADPRP activity correlates with the extent of DNA damage, which in turn depends on
the potency of the tumour promoter in question. The stimulation of enzyme activity by
these two tumour promoters was transient, followed by a drop in enzyme activity but to
different extents in the three cell types studied. The decrease in enzyme activity could be
due to the inactivation of the enzyme. It has been reported that this nuclear enzyme
besides catalysing the synthesis of the polymer can also act as a self acceptor for the
polymer, poly ADP-ribose and thus undergo automodification which decreases the
activity of the enzyme and may in turn lead to its inactivation (Singh et al 1985a, b). Our
results are in agreement with previous reports where early stimulation of PADPRP
activity by PMA has been shown in mouse embryo fibroblasts C3H10T1/2 and in
human fibroblasts 3229 (Singh and Cerutti 1985; Lautier et al 1990; Singh et al
1985a, b; Singh 1990). NAD+ serves as a substrate for the synthesis of the polymer, poly
ADP-ribose. Thus with the polymer formation, the NAD + levels drop. Mezerein
showed comparatively lower but more consistent enzyme stimulation and a steady
drop in NAD+ level. Poly ADPR synthesis has been correlated with DNA damage on
the basis of several lines of evidence (Boulikas 1991). In the absence of DNA strand
breaks histones are mono (ADP-ribosylated); however, when DNA strand breaks are
introduced, histones appear as poly (ADP-ribosylated) species (Panzeter et al 1992).
Pretreatment of mouse embryo fibroblasts with PMA results in endogenous poly
ADP-ribosylation of histones (A24, H2B and H3) and the enzyme, PADPRP (Singh
et al 1985a, b). In our study we found that although PMA and mezerein treatment
resulted in poly ADP-ribosylation of several core and linker histones in both NIH 3T3
and HDCS cells, histones H1 and H2B were the common acceptors for mezerein
irrespective of the cell type. Histone H1 has also been described to be the major histone
acceptor in trout testis nuclei and in pancreatic nuclei and nucleosomes (Poirier et al
1982). Both H1 and H2B have been shown to serve as the major histone acceptor
protein of PADP-ribose (De Murcia et al 1988). Histone H4 appeared to be a major
and common acceptor for PMA induced Poly ADP ribosylation in both NIH 3T3 and
HDCS cells but only in HDCS cells with mezerein. H4 and H3 are anchored more
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tightly in the core structure in the nucleosomes than H2A and H2B. PMA appeared to
share some common histone acceptors with mezerein. This could be because of some
structural similarities it shares with mezerein and/or the similarity in its mode of action.
The pattern of PKC activation by the potent tumour promoter PMA and the weak
tumour promoter mezerein was very similar, and may be an early event in mediating
some of their effects. Quantitation of the amount of PKC activity showed that both
PMA and mezerein treatment led to a decrease in the cytosolic enzyme activity which
could be accounted for by its simultaneous increase in the membrane fraction due to
translocation. There are several reports showing the translocation of PKC from cytosol
to the membrane fraction on PMA treatment (Nishizuka 1992; Da Silva et al 1990;
Anderson et al 1985). Down regulation or depletion of soluble PKC probably is
a common adaptive reaction of many cell types to PMA irrespective of its differentiating effect (Nishizuka 1984). Transformed cells may experience a chronic stimulation
of PKC activity accompanied by down regulation of the enzyme like in colon
carcinogenesis (Guillem et al 1987) and in transformed cells (Wolfmann et al 1987).
Tumour promoters PMA and mezerein are known to increase intracellular free
calcium (Miyake et al 1984) which in turn perhaps could induce PKC activity.
Alternatively PKC translocation by PMA and mezerein may be an early event which
may alter the availability of endogenous substrate and result in their biological
response. Although mezerein does not have diacylglycerol like structure it is possible
that it may cause analogous changes in plasma membrane by modifying the phospholipid bilayer structure. PKC may play a crucial role in signal transduction as it may
be located at the crossroads of various pathways involving calcium, phosphatidyl
inositol as well as tumour promoters. PKC has broad specificity and will phosphorylate a variety of substrates including histones (Shoji 1987). Phosphorylalion of
poly ADPRP by PKC in vitro is shown (Tanaka 1987). An important role of PKC
translocation upon activation may be the conveyance of signal through the cytoplasm
to the nucleus by probably reorganization of the cytosol matrix. The results suggest
that both phosphorylation by PKC and poly ADP-ribosylation may be key players in
the alteration of chromatin structure and gene expression in tumour promotion by
mezerein. The study suggests that there are unifying and multiple set of control
mechanisms to translate the varying signals to the nucleus.
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