ELSEVIER

Available online at www.sciencedirect.com

SCIENCE‘(ﬁDIRECT®

Biochemical and Biophysical Research Communications 337 (2005) 297-305

BBRC

www.elsevier.com/locate/ybbrc

Differential functions of PKC-6 and PKC-{ in cisplatin response
of normal and transformed thyroid cells

L. Urso?, A. Muscella ®, N. Calabriso ¢, A. Ciccarese ©, F.P. Fanizzi ¢, D. Migoni ©,
B. Di Jeso ®, C. Storelli®, S. Marsigliante **

& Cell Physiology Laboratory, Dipartimento di Scienze e Tecnologie Biologiche e Ambientali (Di.S.Te.B.A.), Universita di Lecce, Italy
® General Pathology Laboratory, Dipartimento di Scienze e Tecnologie Biologiche e Ambientali (Di.S.Te.B.A.), Universita di Lecce, Italy
¢ General and Inorganic Chemistry Laboratory, Dipartimento di Scienze e Tecnologie Biologiche e Ambientali (Di.S.Te.B.A.), Universita di Lecce, Italy
4 CLR C.M.S.B. Unita di Ricerca di Lecce, Italy

Received 6 September 2005
Available online 16 September 2005

Abstract

We investigated the effects of cisplatin (cisPt) in normal PC CI3 and in transformed and tumourigenic PC ElAraf cells. cisPt cyto-
toxicity was higher in PC C13 than in PC El1Araf cells. In both cell lines, cisPt provoked the ERK1/2 phosphorylation; this was unaltered
by G66976, a conventional PKC inhibitor, whilst it was blocked by low doses (0.1 uM) or high doses (10 uM) of GF109203X, an inhib-
itor of all PKC isozymes, in PC CI3 and in PC ElAraf cells, respectively. In PC E1Araf, the cisPt-provoked ERK phosphorylation was
also blocked by the use of a myristoylated PKC-{ pseudosubstrate peptide. Conversely, in PC CI3 the cisPt-provoked ERK phosphor-
ylation was blocked by the use of rottlerin, a PKC-§ inhibitor. Results show that cisPt activates both PKC (the -6 and the -{ isozymes in
PC Cl13 and in PC ElAraf cells, respectively) and ERK in association with prolonged survival of thyroid cell lines.

© 2005 Elsevier Inc. All rights reserved.
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The chemo-therapeutic agent cisplatin (cis-diamminedi-
chloroplatinum; cisPt) is widely employed for treatment of
human cancer, and is a potent inducer of growth arrest
and/or apoptosis in most cell types. A major limitation
of cisPt chemotherapy is serious drug resistance. Altera-
tions in signal transduction pathways involved in apoptosis
and/or cell survival have been implicated in the develop-
ment of cisPt resistance [1-3]. cisPt has been shown to in-
duce activation of Ras and its downstream effector
kinases, Raf/MEK/ERK, important mediators of signal
transduction processes, that serve to coordinate the cellular
response to a variety of extracellular stimuli. The ERK
pathway also plays a major role in the apoptotic processes
[4-6]. ERK is activated by some conditions of stress, par-
ticularly oxidant injury, and in such circumstances is be-
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lieved to confer a survival advantage to cells [6-8]. There
is conflicting evidence for the role of ERK in influencing
cell survival of cisPt-treated cells. For example, studies
have suggested that ERK activation is associated with en-
hanced survival of cisPt-treated cells [9,10]. However, ele-
vated expression of Ras has been connected with
enhanced sensitivity to cisPt [11,12]. It has also been shown
that the protein kinase C (PKC) signal transduction path-
way plays an important role in influencing cisPt-induced
apoptosis [13]. Novel PKC-8 is a substrate for caspase-3
and proteolytic activation of PKC-8 has been directly asso-
ciated with DNA damage-induced apoptosis [14]. PKC can
interact with other signalling pathways to elicit its biologi-
cal responses. There have been several reports which sug-
gest that several PKC isozymes, including PKC-9,
activate ERK via activation of Raf [15-17]. Furthermore,
cisPt-induced DNA damage results in the activation of
ERK1/2 via PKC-6 [18].
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Anaplastic thyroid carcinoma (ATC) is usually associat-
ed with a poor prognosis, with most patients dying within a
few months. The mechanism of its carcinogenesis is un-
clear, and its rapid growth and spread often prevent effec-
tive surgical therapy. Thus, chemotherapy is necessary.
However, ATC is often resistant to anticancer drugs, so
that prediction of chemosensitivity appears important in
selecting appropriate treatment. Current chemotherapy
for ATC is based primarily on doxorubicin [19] and cisPt
[20]. Although several factors implicated in cisPt resistance
have been identified, the resistance mechanisms in detail
are not fully understood yet.

PC CI3 cells are fully differentiated thyroid cells [21,22],
which express the typical markers of thyroid differentia-
tion, such as thyroglobulin (Tg), thyroperoxidase (TPO),
thyrotropin receptor (TSHR), and sodium iodide symport-
er (NIS); they are sensitive to thyrotropin (TSH) stimula-
tion for their growth [21,22]. In this study, we sought to
determine whether ERK and PKCs play a role in the cellu-
lar stress response to cisPt in normal PC Cl3 and in PC
Cl3-derived cells (tumourigenic PC ElAraf cells) trans-
formed by a combination of the adenovirus E1A gene
and the raf oncogene [21,22]. We show a central role of
PKC-8 and PKC-{ in PC CI3 and PC E1Araf cells, respec-
tively, in the upstream activation of ERK pathway after
cisPt treatments of thyroid cell lines.

Materials and methods

Reagents. Glutamine, gentamicin, the MEK inhibitor PD098059, the
PKC inhibitors GF109203X and G066976 were obtained from Sigma
Chemical (Milan, Italy). Rottlerin was purchased from EMD Biosciences
(La Jolla, CA). PKC isoforms, phospho-specific ERK1 and ERK?2 anti-
body, goat anti-rabbit IgG conjugated with peroxidase, polyclonal cas-
pase-3, as well as control antibodies, were obtained from Santa Cruz
Biotechnology, Santa Cruz, CA. Myristoylated PKC-( pseudosubstrate
peptide (Myr-SIYRRGARRWRKL) was obtained from Calbiochem—
Novabiochem (Schwalbach, Germany).

Cell lines. PC CI3, a rat differentiated thyroid cell line, was grown in
Coon’s modified Ham’s F-12 medium (Celbio, Pero Milan, Italy) supple-
mented with 5% calf serum (Sigma, Milan, Italy) and a mixture of hor-
mones and growth factors (insulin 1 pg/ml; TSH 1mIU/ml; glycyl-
histidyl-L-lysine 10 ng/ml; human transferring 5 pg/ml; cortisone 10 nM;
somatostatin 10 ng/ml) (Sigma). PC El1Araf are PC CI3 cells transformed
by the adenovirus E1A gene and the raf oncogene [21,22]. They were
grown in the same medium as PC CI3 cells, but lacking the mixture of
hormones and growth factors.

Cytotoxicity assay. Cells at 70-80% confluency were trypsinised (0.25%
trypsin with 1 mM EDTA), washed, resuspended in growth medium, and
plated in 96-well plates with 0.1 ml of the 10*cell/ml cell suspension
seeded in each well. After overnight incubation, cells were treated with
specific reagents for 24 h to 72 h.

The conversion of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenol
tetrazolium bromide) by cells was used as an indicator of cell number as
described by Mosmann [23], with some modification as described previ-
ously [24]. This method measures the reduction of MTT by active mito-
chondria, which results in a colourimetric change measured at ODss. In
experiments done to correlate cell numbers with absorbance obtained by
spectrophotometric assay of viable cells and to define the linear range of
the assay, the number of viable cells formed a tight correlation up to about
50,000 cells per well (data not shown). Increasing number of heat-killed
cells per well (killed by incubating at 70 °C for 15 min) caused no signif-

icant change in the absorbance; thus, this spectrophotometric method was
a valid technique for measuring the number of viable cells. All of the
experiments performed were within the linear range of the assay.

The percentage of survival was calculated as the absorbance ratio of
treated to untreated cells. The data presented are means + standard
deviation (SD) from eight replicate wells per microtitre plate and replicate
for four times.

Cell count. Thyroid cells were seeded at 5 x 10* cells/well on 24-well
plates, and cells were counted in a Thomas cell chamber after treatments
as described above.

Apoptosis analysis. For 4,6-diammine-2-phenylindol (DAPI) staining,
cells were fixed with 3% formalin and stained with 1 mg/ml DAPI in PBS
for 10 min. Cells were mounted on glass slides, covered, and analysed
using fluorescence microscopy. For statistical analysis of each experiment,
5-10 fields (magnification, 400x) were counted per stimulation and cell
type (between 400 and 700 cells in total). The mean & SD was calculated
and displayed as bar graph.

Western blot analysis. To obtain whole protein cell extracts for
Western blot analysis, thyroid cells were scraped in the following
buffer (mM): 20 Tris-HCIl, pH 8, containing 420 NaCl, 2 EDTA, 2
Na3;VO,, and 2% Nonidet P-40. Cells were then passed several times
through a 20 gauge syringe and centrifuged at 16,000g for 20 min at
4°C.

Proteins were determined with the Bio-Rad protein assay kit 1 (Milan,
Italy), using lyophilised bovine serum albumin as a standard.

Equal amounts of proteins (25 pg) from homogenates were loaded and
separated on 10% SDS gels by electrophoresis and transferred to a
nitrocellulose membrane. The sheet was blocked with 3% non-fat dried
milk in buffered saline. PKC isozyme proteins were detected using anti-
bodies specific for different PKC isoforms (Santa Cruz Biotechnology,
Santa Cruz, CA, USA). Dually phosphorylated ERK1 and ERK2, cor-
responding to the active forms of the enzymes, were detected by a specific
antibody (Santa Cruz Biotechnology). The blots used for active ERK1/2
detection were then stripped and reprobed with another antibody (Santa
Cruz Biotechnology). which recognises both active and basal forms of the
ERK enzymes.

The proteins were detected with goat anti-rabbit IgG conjugated with
peroxidase (Santa Cruz Biotechnology), using the ECL (Amersham Life
Sciences, Amersham, UK).

Statistical analysis. Experimental points represent means =+ standard
deviation (SD) of 3-6 replicates. Statistical analysis was carried out using
the ANOVA. When indicated, post hoc tests (Bonferroni/Dunn) were also
performed. A P value less than 0.05 was considered to achieve statistical
significance.

Results
Level of phosphorylated ERK and sensitivity to cisPt

By the antibody recognising the dually phosphorylated
forms of ERK1 and ERK?2, we found that the unstimulat-
ed level of phosphorylated ERK1/2 was scarcely detect-
able in PC CI3, and significantly high in PC ElAraf
cells (Fig. 1A). Total ERK levels, as detected using an
antibody which recognises active and basal forms of the
ERK enzymes, were approximately the same in both cell
lines (Fig. 1A). One hundred micromolar of cisPt pro-
voked a phosphorylation of ERK1/2 in both cell lines
(Fig. 1A).

Cells were treated with various concentrations of cisPt,
and viable cell number was determined 24 and 48 h later
by MTT colourimetric assay. As shown in Fig. 1B, after
24 h cisPt treatment, approximately 50% of PC Cl3 and
86% of PC ElAraf had survived, suggesting that neoplastic
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Fig. 1. (A) Thyroid cells were treated without or with 100 uM cisPt for 24 h. Cell lysates were electrophoretised through 10% SDS-PAGE and analysed by
Western blotting using the antibody against the active (dually phosphorylated) ERK1/2 (p-ERK) or the anti-total ERK antibody. The figure is
representative of four independent experiments. (B,C) Cells were treated without or with various concentrations of cisPt, and viable cell number was
determined 24 (B) and 48 (C) h later by MTT assay. The data are means 4+ SD of four different experiments run in eight replicate and are presented as
percent of control. Values with shared letters are not significantly different according to Bonferroni/Dunn post hoc tests. (D) The processing of caspase-3
after incubation of cells with 100 uM cisPt was analysed by Western blot and a representative autoradiograph of four independent experiments is shown.
(E,F) PC CI3 and PC ElAraf cells were treated or not with cisPt for 24 and 48 h. (E) Cells were stained with DAPI, and representative fields of one of four
independent experiments are shown. (F) Quantification of the percentage of apoptotic nuclei obtained from cells stained with DAPI (mean + SD; n = 4).
Values with shared letters are not significantly different according to Bonferroni/Dunn post hoc tests.

transformation desensitises cells to this drug. The same

trend was obtained after 48 h of cisPt treatment (Fig. 1C).

The cleavage pattern of caspase-3 was analysed by Wes-
tern methods. The results, shown in Fig. 1D, indicate that
the activation of caspase-3, as evidenced by the appearance
of caspase-active forms, occurred 12 and 48 h after cisPt
treatment in PC CI3 and PC ElAraf cells, respectively.
Fig. 1E shows the results of a DAPI staining, visualising
the extent of nuclear fragmentation before stimulation
and 24 or 48 h after cisPt treatment in both cell lines.
Quantification of nuclear changes revealed that PC CI3
and PC ElAraf cells differently reacted to cisPt-evoked
apoptosis (Fig. 1F).

Dose—response and time course of cisPt phosphorylation of
ERKI/2

The dose-response and time course of ERK1/2 to cisPt
are illustrated in Figs. 2A-D. In PC CI3 cells, an increase in
phosphorylation of ERK1/2 was observed with 100 uM
cisPt (Fig. 2A). Conversely, in PC ElAraf cells a threshold
increase of phosphorylated ERK1/2 was observed at
10 uM cisPt, with a maximum at 100 uM cisPt (Fig. 2B).
Therefore, subsequent experiments were carried out using
100 uM cisPt in both thyroid cell lines. The effect of
100 uM cisPt on the phosphorylation state of ERK1/2
was time-dependent. There was a threshold increase at
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Fig. 2. PC CI3 (A) and PC ElAraf (B) cells were treated without or with various concentrations of cisPt, for 24 h, or with 100 uM cisPt, for the indicated
times (C,D). Cell lysates were electrophoretised through 10% SDS-PAGE and analysed by Western blotting using the antibody against the active (dually
phosphorylated) ERK1/2 (p-ERK) or the anti-total ERK antibody. The figure is representative of four independent experiments. (E-H) Cells were
pretreated without or with various concentrations of PD98059 for 30 min and then without or with 100 uM cisPt, for 24 h. Lysates from PC CI3 (E) and
PC ElAraf (F) cells were electrophoretised through 10% SDS-PAGE and analysed by Western blotting using the antibody against the active (dually
phosphorylated) ERK1/2 (p-ERK) or the anti-total ERK antibody. PC CI3 (G) and PC ElAraf (H) viable cell numbers assessed by a MTT assay as
described under Materials and methods. The data are means 4 SD of four different experiments run in eight replicate and are presented as percent of
control. Values with shared letters are not significantly different according to Bonferroni/Dunn post hoc tests.

2 h in both cell lines, a maximal effect at 12 and 6 h in PC
ClI3 and PC ElAraf, respectively; no further effects with
longer incubation times were observed (Figs. 2C and D).
cisPt did not have effects on the total ERK1/2 levels in both
cell lines (Fig. 2).

PD98059, a specific inhibitor of MAPK/ERK kinases 1
(MEKI1) [25], was used in order to determine whether
MEK was involved in cisPt-induced phosphorylation of
ERK1/2. The pre-treatment of cells with 15 and 30 uM
PD98059 for 15 min did not alter the basal phosphoryla-
tion state of ERK1/2 in PC CI3 (Fig. 2E), whilst it signifi-
cantly decreased it in PC ElAraf cells (Fig. 2F). PC CI3
and PC ElAraf cells pre-treated with PD98059 showed a
dose-dependent inhibition of the cisPt-induced phosphory-
lation of ERK1/2 (Figs. 2E and F).

We examined whether a phosphorylated ERK is re-
quired for the cisPt cytotoxicity in thyroid cell lines. Pre-
treatment with PD98059 resulted in enhanced sensitivity
to cisPt (Figs. 2G and F) in as much as a significant de-
crease in cell survival after cisPt treatment was observed
in both cell lines (ANOVA: P <0.05). At a concentration
of 30 uM PD98059, the percentage of surviving cells was

about 30% in both cell lines, significantly less than in the
absence of PD98059 (50% and 86% in PC CI3 and PC
ElAraf cells, respectively). Thus, the cytotoxicity of cisPt
appeared to depend upon the phosphorylation state of
ERK1/2.

Role of PKC in the cisPt-induced ERK phosphorylation

The PKC isozyme expression in PC Cl13 cells was previ-
ously determined [26]. PC CI3 expressed PKC-a, -B1, -9, -¢,
-1, and - but not -B2 and -y. We here showed that PC
ElAraf cells expressed the same pattern of PKC isozymes
(Fig. 3A). The relative distribution of the PKC isozymes
among the cytosolic and membrane fractions was deter-
mined; all PKC isozymes were mostly in the cytosolic frac-
tion, with various amounts in the membrane fraction in
both cell lines (data not shown). The specificity of the
immunoreactivity of PKCs was verified by absorption of
antibodies with isozyme-specific peptide antigen at
10 ng ml (data not shown).

The PKC inhibitor GF109203X (0.1, 1, and 10 uM) was
used; when PC Cl3 cells were pre-incubated for 30 min with
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Fig. 3. (A) Immunoblots of protein kinase C isoforms in PC CI3 and PC ElAraf cells. The figure is representative of four independent experiments. (B,C)
Cells were pretreated without or with various concentrations of GF109203X for 30 min and then without or with 100 pM cisPt, for 24 h. Lysates from PC
CI3 (B) and PC ElAraf (C) cells were electrophoretised through 10% SDS-PAGE and analysed by Western blotting using the antibody against the active
(dually phosphorylated) ERK1/2 (p-ERK) or the anti-total ERK antibody. The figures are representative of four independent experiments. (D,E) Role of
PKCs in the basal phosphorylation state of ERK in PC ElAraf cells. PC ElAraf cells were pretreated without or with various concentrations of
GF109203X for 30 min (D) or with myristoylated PKC-{ pseudosubstrate peptide ({-PS) for 1 h (E) without further incubation with cisPt. Cell lysates
were electrophoretised through 10% SDS-PAGE and analysed by Western blotting using the antibody against the active (dually phosphorylated) ERK1/2
(p-ERK) or the anti-total ERK antibody. The figures are representative of four independent experiments.

GF109203X, the effects of cisPt on ERK1/2 were complete-
ly inhibited at the lowest concentration used (Fig. 3B); con-
versely, in PC ElAraf cells the complete inhibition of the
cisPt effects was obtained only at the highest concentration
of 10 uM (Fig. 3C).

Ten micromolar of GF109203X also completely inhibit-
ed the basal phosphorylation state of ERK1/2 in PC
ElAraf cells (Fig. 3D). Since GF109203X has a half-max-
imal inhibitory constant (ICsg) for atypical PKC isozymes
greater than 5 uM whereas it was 210 nM or lower for all
the other PKC isoforms [27], these results suggest that dif-
ferent PKC isoforms could be involved in the cell response
to cisPt. Thus, PC ElAraf cells were pre-incubated with 10,
50, and 100 pM myristoylated PKC-{ pseudosubstrate pep-
tide (£-PS) for 60 min [28,29]. The cell-permeable {-PS
inhibited the basal phosphorylation state of ERK1/2 in
PC ElAraf cells (Fig. 3E).

Both PC CI3 and PC ElAraf cells were pre-incubated
with (-PS for 60 min and then with 100 uM cisPt; -PS
inhibited the cisPt-provoked ERK1/2 phosphorylation in
PC ElAraf cells, but not in PC CI3 cells (Figs. 4C and
D). Pre-treatment of both PC CI3 and PC E1Araf cells with
Go66976 (0.1 and 10 uM), a conventional PKC inhibitor,
did not have any effect on the phosphorylation of ERK1/
2 provoked by cisPt (Figs. 4C and D). On the whole these
results suggest that in PC E1Araf cells atypical PKC-{ is re-
quired for the phosphorylation of ERK1/2 after cisPt treat-
ment, whilst in PC CI3 cells the operativity of novel PKCs
is required.

Since it is known that PKC-8 plays an important role in
DNA damage-induced apoptosis, we studied if the PKC-9
signalling pathway is affected in cells facing the genotoxic
effects of cisPt. As shown in Figs. SA and B, the expression
of novel PKC-9 increased significantly after 6 h treatment
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Fig. 4. PC CI3 (A) and PC ElAraf cells (B) were pretreated without or
with various concentrations of myristoylated PKC-{ pseudosubstrate
peptide (C-PS) for 1 h and then incubated with 100 uM cisPt, for 24 h. PC
Cl3 (C) and PC ElAraf cells (D) were pretreated without or with various
concentrations of G66976 for 30 min, and then without or with 100 pM
cisPt, for 24 h. Cell lysates were electrophoretised through 10% SDS-
PAGE and analysed by Western blotting using the antibody against the
active (dually phosphorylated) ERK1/2 (p-ERK) or the anti-total ERK
antibody. The figures are representative of four independent experiments.

with cisPt in both cell lines. Moreover, cisPt induced a pro-
teolytic activation of PKC-9 starting after 12 h in PC Cl3,
but detectable only after 48 h in PC ElAraf cells. No vari-
ations in the level of PKC-( were found in both cell lines
(Figs. 5A and B). Both PC CI3 and PC ElAraf cells were
pre-incubated with rottlerin (1-20 pM) for 60 min and then
with 100 uM cisPt; rottlerin inhibited the cisPt-provoked
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retised through 10% SDS-PAGE and analysed by Western blotting using
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figures are representative of four independent experiments. PC C13 (C) and
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Cell lysates were electrophoretised through 10% SDS-PAGE and analysed
by Western blotting using the antibody against the active (dually
phosphorylated) ERK1/2 (p-ERK) or the anti-total ERK antibody.
Representative autoradiographs are shown. B-Actin was used as a loading
control.

ERK1/2 phosphorylation in PC CI3 cells, but not in PC
ElAraf cells (Figs. 5C and D).

The role of PKC-0/{ in cisPt cytotoxicity in thyroid cells

Preincubation of cells with GF109203X (0.1-10 uM) for
30 min before cisPt treatment (100 uM for 24 h) strongly
enhanced the PC CI3 cells’ sensitivity to cisPt (Fig. 6A) in
a dose-dependent way, whereas the effects in PC ElAraf
cells were less pronounced and highly significant only at
the highest GF109203X dose (Fig. 6B). When cells were
preincubated with {-PS (10-100 pM) for 60 min and then
exposed to cisPt, the number of surviving PC CI3 cells
did not change (Fig. 6C), while it decreased significantly
in PC ElAraf cells (Fig. 6D). Conversely, the pre-incuba-
tion with rottlerin (1-20 uM) for 60 min drastically en-
hanced the sensitivity to cisPt in PC CI3 (Fig. 6E) but
not in PC El1Araf cells (Fig. 6F).

Discussion
In this study, we sought to determine whether ERK

plays a role in the cellular stress response to cisPt in two
thyroid cell lines, the parental, normal PC CI3 cells and
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Fig. 6. PC CI3 (left panels) and PC ElAraf (right panels) cells were
pretreated without or with various concentrations of the indicated
inhibitors and then without or with 100 uM cisPt, for 24 h. Viable cell
numbers assessed by a MTT assay as described under Materials and
methods. The data are means 4+ SD of five different experiments run in
eight replicates and are presented as percent of control. Values with shared
letters are not significantly different according to Bonferroni/Dunn post
hoc tests.

the PC CI3-derived PC ElAraf cells which are cells trans-
formed by the adenovirus E1A gene and the raf oncogene.
PC ElAraf cells display a basal higher phosphorylated
ERK than parental normal PC CI3 cells. In addition to
many other cell functions, ERK is activated in response
to cellular stress induced by DNA-damaging agents, such
as UV [30], ionizing radiation [31], hydrogen peroxide [7],
and cisPt [32-34]. Thus, ERK cascade may mediate a phys-
iological response to DNA damage such as induction of
one or more DNA repair enzymes [35,36]. Consistent with
a prosurvival function of ERK, we here provided evidence
that the activation of ERK is important for the induction
of cisPt resistance also in thyroid cells. In fact, cisPt treat-
ment resulted in high and sustained activation of ERK, and
by the use of strategies ending to the inhibition of ERK
activity, an accentuated cisPt-induced cell death was found.
We show that the fully transformed and tumourigenic PC
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ElAraf cells were consistently more resistant to the cyto-
toxic effect of cisPt than normal and differentiated PC
CI3 cells. In both cell lines, the cisPt-provoked activation
of ERK depended upon the activity of MEKI, since its
inhibitor, PD98059, markedly decreased both the phos-
phorylation of ERK1/2 and the cell survival. Similar en-
hanced cytotoxic effects of cisPt, following inhibition of
ERK pathway, have been described in human melanoma
cell line C8161 [37], in the UCI 101 [10], and SK-OV-3
ovarian carcinoma cell lines [10]. Opposing effects of
ERK pathways have been demonstrated in human melano-
ma cell line AA [37], in PC12 pheochromocytoma cells [4],
and in HeLa endometrial carcinoma cell line [18,34].
PD98059 protects against cisPt-induced cytotoxicity, par-
tially by enhancing cisPt-induced NF-kB activation
[37,38]. This discrepancy indicates that the relationship be-
tween the activity of ERKs and the cellular response to
cisPt might depend on the individual cellular context and
levels of stress.

It is known that the establishment of cross-linking cisPt-
DNA adducts involves at least two stages [39]. The initial
formation of a mono-adduct is followed by a slower step,
in which an intrastrand or interstrand cross-link is formed.
The second reaction may require hours to complete. How-
ever, in the present study the phosphorylation of ERK in-
duced by cisPt was detectable in approximately 2 h,
consistently with an activation occurring before the forma-
tion of DNA adduct. ERK phosphorylation remained cle-
vated for a prolonged period of time (24 h after exposure).

With regard to upstream mediators implicated in the
cisPt-induced ERK activation, inhibition of PKCs could
attenuate cisPt-induced activation of ERK. The PKCs in-
volved in the DNA damage-induced apoptosis are diverse
in the two cell lines, and also different could be the mech-
anisms by which they are differentially activated. Results
indicated that non calciumdependent PKCs are crucial ele-
ments in the pathway linking cisPt to the ERK cascade
inasmuch as inhibition (with GF109203X, but not with
the conventional PKCs inhibitor G66976) of PKCs had
significant effect on the cisPt-evoked ERK phosphoryla-
tion. In PC ElAraf cells, the effect of cisPt on the phos-
phorylation of ERK was blocked by the cell-permeable
myristoylated PKC-{ pseudosubstrate peptide (-PS), and
by micromole concentrations of GF109203X, a molecule
known to inhibit conventional and novel PKC isoforms
in the nanomolar range, except atypical isozymes that re-
quire micromole concentrations [27]. This effect suggests
the actions of cisPt in PC ElAraf be mediated by atypical
PKC-{ isoform; noteworthy, the basal phosphorylation
state of ERK also appears to be due, to some extent, to
the activity of such an isoform since {-PS had a modest,
though significant, effect. In normal PC CI3, cells the
GF109203X concentration required to completely block
the effect of cisPt on ERK was much lower, and {-PS
had no effect. Accordingly, it would be reasonable to as-
sume that whilst in PC CI3 cells novel PKC isoforms (only
-0 and -¢ isozymes are present in these cell lines) have a role

in the upstream regulation of ERK, in tumourigenic PC
Elaraf cells atypical PKC-( is instead responsible for the
cisPt-induced ERK activation. Consistent with these data,
activation of PKC-{ has been associated with cell survival
[40-42]. Tt is also known that most apoptotic stimuli,
including cisPt, induce proteolytic activation of PKC-6
[14,43,44]. Activation of caspase-3 during apoptosis cleaves
the full-length PKC-6 at the hinge region and separates the
inhibitory regulatory domain from the catalytic domain.
This happens fast in PC CI3 cells and only later on in PC
ElAraf cells where after 48 h of cisPt treatment the mortal-
ity reaches the 45%, and both caspase-3 and PKC-d ap-
peared activated. Regarding PKC-{, no proteolisis was
detectable, but it is known that it is subjected to modula-
tion by protein regulators and physically interacts with
Ras [45,46]. Recent evidence indicates that the activation
of the MAPK pathway by PKCs involves Raf activation
[16], whereas the PKC-{ actions are Raf-independent but
mediated by MEK [16]. In other words, PKC-{ may consti-
tute a pathway parallel to Raf for ERK activation.

In conclusion, this study showed that cisPt differentially
activated ERK cascade, which is important for maintaining
the cell vitality after cisPt treatment in both PC CI3 sensitive
and PC E1Araf resistant cells. cisPt brings about a signalling
pathway mediated by PKC-8 in normal PC CI3 cells and by
atypical PKC-{ in tumoral PC ElAraf cells. Thyroid cell
lines may represent a helpful model in the investigation of
the mechanisms by which ERK and other signal transduc-
tion pathways modulate the response to cisPt and promote
cell survival in response to cisPt treatment. Finally, a better
understanding of the signal transduction pathways that
modulate the cisPt response may be beneficial in the develop-
ment of novel therapeutic approaches for improvement of
cisPt efficacy and of cisPt resistance.
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