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Abstract

Telomerase, a ribonucleoprotein reverse transcript-
ase that extends telomeres of eukaryotic chromo-
somes is repressed in normal somatic cells but is
activated during development and neoplasia. The
regulation mechanism of telomerase activity in can-
cer cells is not clearly known. In this report, a pos-
sible affect of PKC on telomerase activity was ex-
amined using HeLa and CUMC-6 cervical cancer cell
lines. Exposure of cells to PKC inhibitor, bisindolyl-
maleimide | and G66976, and high levels of PKC acti-
vator, 12-0O-tetradecanoyl phorbol 13-acetate (TPA)
resulted in the inhibition of PKC activity in both
cells. Telomerase activities were also inhibited by
bisindolyl-maleimide | and G66976, respectively, in a
time-dependent manner. As PKC activity changes in
TPA-treated cervical cancer cells, telomerase activi-
ties were increased at low dose of TPA and decreas-
ed at high dose. The expression levels of human
telomerase subunits, human telomerase RNA (hTR)
were not influenced by PKC modulating drugs. In
contrast, the expression of full-length human telom-
erase reverse transcriptase (hTERT) was decreased
after exposure to bisindolylmaleimide | and G66976
in a time-dependent manner. hTERT expression was
not affected by low dose of TPA. In contrast, high

dose of TPA inhibited hTERT expression level. But
the expression patterns of B-deletion transcript of
hTERT after 72 h of treatment with PKC inhibitors or
high dose of TPA exposure were not discernable as
compared with those of full-length hTERT tran-
scripts to PKC modulating drugs. These resuits sug-
gest that PKC-modulating drugs altered telomerase
activities by affecting full-length hTERT expression
profile in human cervical cancers.
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Introduction

Telomerase, a specialized ribonucleoprotein reverse tran-
scriptase that extends hexanucleotides (TTAGGG) telo-
meres onto chromosomal ends is repressed in normal
somatic cells but is activated during development and
neoplasia. Telomerase activity has been detected in germ-
line cells (Meeker and Coffey, 1997) and in the majority
of immortal and tumor cells (Shay and Bacchetti, 1997;
Park et al., 1998), but not in normal somatic cells except
in some self-renewing cells with high regenerative
potential such as hematopoietic (Hiyama et al., 1995)
and endometrial cells (Kyo et al., 1997). These findings
have led to the hypothesis that telomerase reactivation
represents a critical step in the neoplastic process.

Three major components of human telomerase have
been cloned: the RNA component of human telomerase
which was first identified and functions as a template for
telomere elongation (Feng et al., 1995), telomerase-
associated protein 1/telomerase protein component 1
(TP1/TLP1) which is similar to the Tetrahymena telo-
merase protein p80 (Nakayama et al., 1997), and the
catalytic subunit of human telomerase, hTERT, which
confers the reverse transcriptase activity (Lingner et al.,
1997).

Some studies have shown that the expression of hTR
is higher in more progressive cancers (Soder et al.,
1997; Yashima et al., 1997). But the expression of hTR
is not a predictor of telomerase activity, because hTR is
expressed in all cells (Avilion et al, 1996). Similarly,
TP1/TLP1 is also ubiquitously expressed (Nakayama et
al., 1997). In contrast, the expression of hTERT mRNA
is associated with telomerase enzyme activity and con-
comitant immortalization, and introduction of hTERT
cDNA into normal human epithelial cells and fibroblasts
confers telomerase activity in these cells (Weinrich et



al., 1997; Counter et al., 1998). hTERT-expressing normal
cell clones have an extended life span without any
changes in karyotype (Bodnar et al., 1998). These find-
ings strongly suggest that hTERT is the limiting compo-
nent for telomerase activity. hTERT transcript under-
goes alternative splicing in several tissues and cell lines
(Kilian et al., 1997; Ulaner et al., 1998). Many of the
alternatively spliced transcripts do not code for func-
tional reverse transcriptases. Although the function of
these transcripts is unknown, alternative splicing of the
hTERT transcript may be important for the regulation of
telomerase activity and may give rise to proteins with
different biochemical functions. Human telomerase has
been proposed as a novel and potentially highly selec-
tive target for diagnostic and therapeutic application
against tumors (Raymond et al., 1996). However, little is
known concerning the molecular mechanisms by which
telomerase is activated in human tumors.

PKC plays an important role in transmembrane signal
transduction and induction of many cellular responses
including cell proliferation, differentiation, and gene ex-
pression (Nishizuka, 1995). Some evidences are provid-
ed that alterations in PKC activity are involved in malig-
nant transformation processes (Persons et al., 1988). In
addition, several inhibitors of PKC have been reported
to exert antitumor activity in vitro and in vivo (Minana et
al, 1991). It has been shown that PKC inhibitors
produce a significant inhibition of telomerase activity in
treated cells (Ku et al., 1997), and PKC mediates the
phosphorylation of hTERT and induces a marked in-
crease in telomerase activity (Li et al, 1998). These
findings suggest that PKC can directly modulate telomer-
ase activity in tumor cells, including nasopharyngeal and
breast cancers. Accordingly, it is possible that PKC may
alter the expression of full-length hTERT or alternative
splicing of the hTERT transcript in some types of
cancers.

But, up to date, it has not been reported whether PKC
can alter the expression profiles of hTERT in uterine
cervical cancer. Accordingly, we have investigated the
telomerase activities and the expressions of hTR, hTERT,
and alternative splicing of the hTERT transcript in cervi-
cal cancer cells after treatment with PKC-modulating
drugs.

Materials and Methods

Cell culture

Human cervical cancer cell line, HelLa, was obtained
from American Type Culture Collection (Rockville, MD).
Human cervical cancer cell line, CUMC-6, was establi-
shed in vitro from primary tumors (Kim et al, 1997).
Cells were maintained at 37°C in humidified atmosphere
of 5% CO, in Waymouth’s MB 752/1 medium (Gibco-
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BRL, Gaithersburg, MD) supplemented with 100 1U/ml
penicillin, 100 pg/ml streptomycin and 10% fetal bovine
serum (Gibco-BRL).

Drug treatment

PKC inhibitors, bisindolylmaleimeide | was purchased
from ICN Biomedicals (Aurora, OH) and G66976 from
Calbiochem (La Jolla, CA). PKC activator, TPA was
obtained from Sigma Chemicals (St. Louis, MO). Expo-
nentially growing cells were treated with bisindolylmalei-
meide | (5 uM and 10 pM), G66976 (1 uM and 5 pM),
and TPA (10 nM and 1 pM) for indicated times, respec-
tively.

PKC activity assay

PKC activity was measured using the SignaTECT™
Protein Kinase C Assay System kit (Promega, Madison,
WI) according to the manufacturer’s instructions. Briefly,
1 x 107 cultured cells were washed with cold phosphate-
buffered saline (PBS) and suspended in 500 pl of cold
extraction buffer containing 0.5 mM EDTA, 0.5 mM
EGTA, 0.05% Triton X-100, 10 mM B-mercaptoethanol,
1 pg/ml leupeptin, 1 pg/ml aprotinin, and 25 mM Tris-
HCI (pH 7.4). Cells were homogenized with 20 strokes
of a cold Dounce homogenizer and centrifuged at
14,000 g for 7 min at 4°C. The supernatant was passed
over DEAE-cellulose ion exchange column (Whatman
DE52; 0.25 g/column) that was pre-equilibrated in
extraction buffer and the PKC-containing fraction was
eluted with same buffer containing 200 mM NaCl. Pro-
tein concentration in supernatant was determined by the
Bio-Rad protein assay system (Bio-Rad, Hercules, CA).
The reaction was initiated by the addition of enzyme
samples to a reaction mixture (total volume 25 pl) con-
sisting of 100 mM Tris-HCI (pH 7.5), 50 mM MgCl,, 1.25
mM EGTA, 2 mM CaCl,, 0.5 mg/ml BSA, 1.6 mg/ml
phosphatidylserine, 0.16 mg/ml diacylglycerol, PKC bio-
tinylated peptide substrate, 0.5 mM ATP, and 10 pCi/pl
[y-*2P] ATP (3,000 Ci/mmol; Amersham). After incuba-
tion for 5 min at 30°C, reactions were terminated by
addition of 7.5 M guanidine hydrochloride. Samples
were spotted onto SAM?™ biotin capture membrane and
then washed with 2 M NaCl in H3PO,, and the deionized
water. Radioactivity was counted using a liquid scintil-
lation counter. The PKC activity was defined as the dif-
ference in counts per minute incorporated into substrate
in the absence and presence of phospholipid.

Telomerase assay

Telomerase activity was determined by using the telomer-
ase PCR-enzyme-linked immunosorbent assay (ELISA)
kit (Boehringer Mannheim, Mannheim, Germany) accord-
ing to the manufacturer’s instructions. In brief, cells were
washed in cold PBS, trypsinized, counted and spun at
3,000 g. The cells were resuspended at a density of
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2 x 10° cells per 200 pl ice-cold lysis buffer provided in
the kit and incubated for 30 min on ice. The lysates
were centrifuged at 16,000 g for 20 min at 4°C, and
supernatants were transferred into fresh Eppendorf
tubes and stored at -80°C until use. Volumes of cell
extracts, equivalent to 2 x 10® cells, were used in the
telomerase PCR-ELISA assay. Cell extracts were incu-
bated in the presence of biotin-labeled P1-TS primers at
25°C for 20 min. Telomerase present in cell extracts was
allowed to elongate telomeric primers during incubation,
and the telomerase activity was inactivated at 94°C for
5 min. The extended products were then amplified in a
Gene Amp PCR System 9600 thermal cycler (Perkin-
Elmer) for 30 cycles consisting of denaturation at 94°C
for 30 s, annealing at 50°C for 30 s, polymerization at
72°C for 90 s, and a final cycle at 72°C for 10 min. Five
microliters of each amplification product were denatur-
ed, hybridized to a digoxigenin (DIG)-labeled detection
probe complementary to telomeric repeat sequences,
and bound to a streptavidin-coated microtiter plate. After-
ward, wells were incubated with anti-DIG-peroxidase-
labeled polyclonal antibody for 30 min at room temper-
ature. Finally, the immobilized PCR products were then
visualized by color development after the addition of
peroxidase substrate (3,3',5,5'-tetramethylbenzidine) and
the absorbance of samples was measured with ELISA
reader (LB 9260 MicroScreener, EG&G, Berthold, Ger-
many) at a wavelength of 450 nm (reference wave-
length, 620 nm). Telomerase activity was measured as
duplicates and a negative as well as a positive control
was run each time. Mean optical density (OD) values of
duplicated measurements were recorded as the telo-
merase activity. A negative control was provided for
each extract by heat inactivation of the telomerase
enzyme at 95°C for 10 min. Immortalized human kidney
cells (293 cells) provided in the kit were used as the
positive control.

RT-PCR analysis

The expression of hTR and hTERT was analyzed by
RT-PCR. Total RNAs from cervical cancer cell lines
were reverse transcribed using random hexamer
(Perkin Elmer) and Moloney murine leukemia virus
(MMLV) reverse transcriptase (Promega, Madison, WI).
Twenty microliter of the cDNA reaction mixture was
incubated at 42°C for 60 min, heated at 95°C for 5 min,
and then slowly cooled to 4°C. PCR was carried out in
a 20 pl reaction mixture containing 1.5 pl RT reaction
mixture, 100 yM dNTPs, 10 pmol each oligonucleotide
primer, 10 mM KCI, 10 mM Tris-HCI (pH 8.3), 2.5 mM
MgCl,, and 0.5 units Taq polymerase. The PCR mixture
was overlaid with mineral oil and then amplified in a
thermal cycler (Perkin-Elmer). The amplification profiles
were as follows: 28 cycles of denaturation at 95°C for 20
s, primer annealing at 68°C for 40 s, and extension at

72°C for 30 s for hTR; 33 cycles of denaturation at 95°C
for 20 s, primer annealing at 68°C for 40 s, and exten-
sion at 72°C for 30 s for the first hnTERT; and 35 cycles
of denaturation at 95°C for 25 s, primer annealing at
68°C for 50 s, and extension at 72°C for 50 s for the
second hTERT. B-actin was used to control differences
in amplification or losses of cDNA sample during load-
ing. For B-actin amplification, temperature for primer
annealing was reduced to 58°C. The sequences of
oligonucleotide primers, synthesized according to the
published hTR (GenBank accession number: U86046),
hTERT (GenBank accession number: AF015950) (Ulaner
et al,, 1998), and B-actin cDNA sequences (Ng et al.,
1985), were as follows: for hTR, forward, 5-CTAACCC-
TAACTGAGAAGGGCGTAG-3' and reverse, 5-GAAG-
GCGGCAGGCCGAGGCTTTTCC-3}; for the first hTERT,
forward (hTERT-1784S), 5-CGGAAGAGTGTCTGGA-
GCAA-3' and reverse (hTERT-1928A), 5-GGATGAAG-
CGGAGTCTGGA-3; for the second hTERT, forward
(hTERT-2164S), 5-GCCTGAGCTGTACTTTGTCAA-3'
and reverse (hTERT-2620A), 5-CGCAAACAGCTTGT-
TCTCCATGTC-3'; for the B-actin, forward, 5-AGGCC-
AACCGCGAGAAGATGACC-3' and reverse, 5-GAAG-
TCCAGGGCGACGTAGCAC-3'. Amplified products were
electrophoresed through 1.2% agarose gels and
visualized by ethidium bromide staining. The predicted
fragments amplified by PCR for hTR, the first hTERT,
and B-actin transcripts were 103, 145, and 350 bp,
respectively. For the second hTERT, two reported splice
sites (o and B site) are within the region spanned by this
primer set and four PCR products (457, 421, 275, and
239 bp) were found depending upon alternative splicing
of hTERT transcript in the sample (Kilian et al., 1997;
Ulaner et al., 1998).

Results

PKC activity assay

To determine whether the PKC modulating drugs influ-
ence PKC activities in two human cervical cancer cell
lines, we measured total PKC activities in HeLa and
CUMC-6 cells following exposure to PKC inhibitors,
bisindolylmaleimide | and G66976, and PKC activator,
TPA, respectively. In HelLa cells (Figure 1A), the basal
level of PKC activity was 7.3 + 0.67 pmol/min/mg protein
x 1072, and PKC activity was reduced to 6.5 +0.52, 2.0
+0.55, 3.5 £ 0.84 and 2.2 + 0.31 pmol/min/mg protein x
102 after exposure to 5 uM bisindolylmaleimide I, 10
uM bisindolylmaleimide I, 1 uM G66976 and 5 uM
G66976 for 24 h, respectively. In CUMC-6 cells (Figure
1A), the basal level of PKC activity was 5.2 + 0.58 pmol/
min/mg protein x 102 and PKC activity was reduced to
0.5+0.74, 0.5+0.81, 1.1 £0.52 and 0.3 +0.41 pmol/
min/mg protein x 107 after exposure to 5 uM bisindolyl-
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Figure 1. Effects of PKC inhibitors or activator on PKC activities in HeLa
and CUMC-6 cells. (A) Cells were treated for 24 h with 5 uM and 10 uM
bisindolylmaleimide | (bis-M) and 1 uM or 5 uM G6976, respectively. (B)
Cells were treated with 10 nM and 1 uM TPA for 6 h and 24 h, respectively.
Each bar represents the mean + SD of three independent experiments.

maleimide I, 10 uM bisindolylmaleimide I, 1 uM G66976,
and 5 uM G66976 for 24 h, respectively. These results
demonstrate that both bisindolylmaleimide | and G66976
inhibited PKC activity effectively in HeLa and CUMC-6
cells.

Although TPA is an activator of PKC activity, it has
previously been shown that TPA at maximal or sub-
maximal concentration elicits down-regulation of PKC in
response to continuous stimulation (Blobe et al., 1996;
Liu, 1996). To test this possibility, we measured PKC
activities after exposure to low dose (10 nM) and high
dose (1 uM) of TPA for 6 h and 24 h, respectively
(Figure 1B). PKC activity was increased in both cell
lines after exposure to 10 nM TPA for 6 h. However, no
significant change of PKC activity was observed in both
cell lines treated with 10 nM TPA for 24 h and 1 uM TPA
for 6 h. But PKC activities were decreased in both cell
lines treated with 1 uM TPA for 24 h (Figure 1B). These
results suggest that although low dose (10 nM) of TPA
increased PKC activities for the first few hours, continu-
ous stimulation with high dose (1 uM) of TPA decreased
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Figure 2. Telomerase activities in HeLa and CUMC-6 cells treated with 5
uM bisindolylmaleimide | (bis-M) and 1 uM G&6976 for 24 h, 48 h and 72
h (A), 10 nM and 1 uM TPA for 6 h and 24 h (B), respectively. Each bar
indicates the mean + SD of three independent experiments.

PKC activities in both cell lines.
Telomerase activity

Telomerase activity was detected at high level in un-
treated cervical cancer cell lines, HeLa (mean OD: 3.02)
and CUMC-6 (mean OD: 3.94). Five micromoles of
bisindolylmaleimide | and 1 uM of G66976 produced a
significant inhibition of telomerase activities in a time-
dependent manner in the both cell lines (Figure 2A).
Treatment of the HeLa and CUMC-6 cells with 10 nM
TPA for 6 h resulted in an enhanced telomerase activity
compared to the control (Figure 2B). However, no signi-
ficant changes of telomerase activities were observed in
both cell lines treated with low dose (10 nM) of TPA for
24 h and high dose (1 uM) of TPA for 6 h. But telo-
merase activity after 24 h of treatment with 1 pM TPA
was significantly decreased in both cell lines. Taken
together, these results showed that the inhibition of
telomerase activity with bisindolylmaleimide |, G66976
and high dose (1 uM) of TPA, and the activation of
telomerase activity with low dose (10 nM) of TPA
corresponded to the PKC activity changes.

Expression of hTR and hTERT



160 Exp. Mol. Med. Vol. 33(3), 156-163, 2001

A

Bis-M 5 uM  Go6976 1 uM
. . .
24h 48h T2h 24h 48h 72

IPA 10 nM

Control
TPA 1 pM

[ | TR ——————T
hTERT [ s o o S ool -~ 4 » I
P-2Ctin S — — — - — .

Bis-M 5 pM Go6976 1 pM

Control
TPA 10 nM
TPA | uyM

1 I
24h 48h TIh 24h 48h T2h

DNIR s = o G e G = oo

hTERT /N0 s me s -

P-actin g ew—" e - --———

Figure 3. Expression of hTR and hTERT mRNA after exposure to PKC
activator or inhibitors in HeLa (A) and CUMC-6 cells (B). hTERT mRNA
expression was amplified by RT-PCR with primers hTERT-1784S and
hTERT-1928A. The control amplification of 3-actin mRNA is also shown.

RT-PCR was performed to determine whether there
were detectable changes in RNA expression of hTR or
hTERT that might correlate with changes in telomerase
activity after treatment of PKC modulating drugs. The
level of expression of hTR and hTERT in each sample
was determined by counting band intensity and normali-
zing to that of B-actin. The high level of expression of
hTR was detected in untreated Hela (Figure 3A) and
CUMC-6 (Figure 3B) cells, respectively. After exposure
to PKC inhibitors (bisindolylmaleimide | and G66976) or
TPA, the level of hTR was not changed in both cell lines.
hTERT expression was initially measured by RT-PCR
using primers for region of the transcript upstream of the
reverse transcriptase domain (the first hTERT primer).
hTERT was expressed in untreated HelLa (Figure 3A)
and CUMC-6 (Figure 3B) cells. The expression of hTERT
was inhibited by bisindolylmaleimide | and G66976, re-
spectively, in a time-dependent manner. hTERT expres-
sion was not affected by low dose (10 nM) of TPA. In
contrast, high dose (1 uM) of TPA inhibited hTERT
expression level in both cell lines.

Recently, it has been reported that variants of hTERT
transcripts are expressed in human fetal tissue and
tumor cell lines, presumably arising from alternative
splicing (Kilian et al., 1997; Ulaner et al., 1998). To
examine the presence and alteration of splicing variants,
we performed RT-PCR using the primer set (the second
hTERT primer) covering the region of two potential
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Figure 4. Expression of alternatively spliced hTERT transcripts after
exposure to PKC activator or inhibitors in HeLa (A) and CUMC-6 cells (B).
hTERT mRNA expression was amplified by RT-PCR with primers hTERT-
2164S and hTERT-2620A, which covers the region of two potential splice
sites. The control amplification of B-actin mRNA is also shown.

splice sites. The full-length hTERT transcripts (457 bp)
would be expected to code for an active reverse tran-
scriptase and the deletion of a- and B-splicing site result
in a loss of 36 bp and 182 bp, respectively. The full-
length hTERT transcripts and the B-deletion transcripts
of hTERT (275 bp) were found in HelLa (Figure 4A) and
CUMC-6 (Figure 4B) cell lines, respectively. In contrast
to the change of the expression profiles of full-length
hTERT transcripts, the change of the expression patterns
of splicing variants (275 bp B-deletion transcripts) of
hTERT after exposure to PKC modulating drugs was
not prominent.

Discussion

Although telomerase activation is thought to be involved
in cancer cell immortalization, little is known about how
telomerase is activated and controlled in human cancers.
The mechanism by which telomerase is regulated has
attracted considerable interest. Although the control of
telomerase expression and activity is still unclear, some
molecular mechanisms have been described that may
contribute to the regulation of telomerase activity in
humans. First, it has been proposed that the regulation
of telomerase activity in human fibroblasts and some
epithelial cells is controlled at the level of transcription of
hTERT. This idea is supported by the fact that hTERT is
expressed only in cells positive for telomerase activity



and transfection of plasmids directing the expression of
hTERT into telomerase-negative cell types results in the
appearance of telomerase activity (Weinrich et al., 1997;
Counter et al.,, 1998). Second, it has been reported that
posttranscriptional alternative splicing of hTERT may
serve as another mode for regulation of telomerase
(Kilian et al., 1997; Ulaner et al., 1998). Third, tertiary
and quaternary structures of telomerase holoenzyme
are modulated by protein phosphorylation in such a way
that the enzyme is activated.

These are based on some experimental evidences:
PKC and protein kinase B (Akt kinase) enhance telo-
merase activity through phosphorylation of hTERT, and
protein phosphatase 2A inhibits nuclear telomerase acti-
vity in breast cancer cells (Li et al., 1998; Kang et al.,
1999). Taken together, these facts suggest that the
regulation of telomerase activity is controlled at multiple
levels, including both transcriptional and posttranscrip-
tional mechanisms.

PKC, an enzyme family of serine/threonine protein
kinases, is involved in the signal transduction pathway
elicited by a variety of extracellular stimuli, such as
hormones, mitogens and neurotransmitters (Nishizuka,
1995). Many studies have suggested that PKC play a
role in processes relevant to neoplastic transformation,
carcinogenesis and tumor cell invasion (Liu, 1996).
Recently, the evidence for involvement of PKC in the
regulation of telomerase activity was supported by
studies on the inhibition of telomerase activity in cells
treated with PKC inhibitors, bisindolylmaleimide | and H-
7 (Caponigro et al., 1997; Ku et al., 1997). One possible
explanation for the involvement of PKC is that PKC may
be required for postiranscriptional or posttranslational
modification of telomerase subunit, such as phosphor-
ylation. This postulation was supported by studies that
protein phosphorylation reversibly regulates the function
of telomerase and protein kinase Co mediates the
phosphorylation of telomerase-associated protein 1 and
hTERT (Li et al., 1998).

In the present study, we demonstrated that PKC inhi-
bitors decreased telomerase activity and PKC activator
increased telomerase activity in concurrence with the
hTERT expression in the treated cells. In contrast, the
hTR expression exhibited no association with telomer-
ase activity and PKC modulating drugs did not affect the
hTR expression. These findings indicate that the regu-
lation of telomerase is determined by transcription of
hTERT but not hTR. This is in agreement with findings
of other investigators (Kilian et al., 1997; Weinrich et al.,
1997; Counter et al., 1998; Ulaner et al., 1998).

Also, our findings indicate that PKC differentially affects
gene expression for each telomerase component and
suggest that PKC may be involved in the regulation of
telomerase activity through transcriptional control of the
hTERT gene as well as protein phosphorylation. In
addition, these findings provide the evidence that hTR

PKC modulates telomerase in cervical cancer 161

transcription is not affected by feedback regulation result
from alteration of hTERT transcription.

Of the three PKC modulating drugs used in our study,
bisindolylmaleimide | and G66976 are more selective for
PKC relative to other cellular protein kinases and show
some isoenzyme specificity for classical PKC isoenzy-
mes (PKCa, BI, Bll, y), TPA has also yield the selec-
tivity for PKC and does not influence the atypical PKC
isoenzymes (PKCE, 1, A) (Wilkinson et al., 1993). How-
ever, all of these modulators are not one isoenzyme
specific inhibitor. Although we excluded the possibility
that other protein kinases are potentially involved in
transcriptional regulation of hnTERT, we have not defined
the role of the individual PKC isoenzymes in transcrip-
tional regulation of hTERT. Further study will be required
to determine which PKC isoenzymes are involved in the
regulation of telomerase activity through transcriptional
control of hTERT.

In addition, we show the distinct effect of different
concentrations of TPA on cervical carcinoma cell lines.
A concentration of 10 nM TPA increased the PKC
activity after short treatment time but a higher concent-
ration (1 uM) showed a little effect on PKC activity.
Furthermore, 1 uM TPA decreased the PKC activity
after prolonged treatment. This result is consistent with
the results of previous reports (Blobe et al., 1996; Liu,
1996; Hsu et al.,, 1998). These results demonstrate that
TPA at different dosages for different lengths of time
exerts biphasic regulation of PKC activity in HeLa and
CUMC-6 cells.

Alternative mRNA splicing is a common mechanism
for regulating gene expression in higher eukaryotes and
there are many examples of tissue-specific, development-
specific and sex-specific alteration in splicing events
(Adams et al., 1996). Recently, several variants of hnTERT
mRNA have been identified in human fetal tissue and
tumor cell lines, presumably arising from alternative
splicing. These variants transcripts either resulted in
deletion of 12 amino acid from reverse transcriptase
domain A (o splice deletion) or 182 nucleotide deletion
that cause a reading frame truncation (8 splice deletion).
Because expression of full-length hTERT, but not splice
variants, correlated with telomerase activity, it was sug-
gested that alternative splicing may play a role in regu-
lating telomerase activity. However, the biological proper-
ties of the spliced transcripts remain unclear (Kilian et
al., 1997; Ulaner et al., 1998).

More recently, it has been reported that no alternative
splicing of hTERT was detected in human B and T
lymphocyte (Liu et al, 1999). This report indicated that
alternative splicing of hTERT might be cell-type-specific.

In the present study, two RT-PCR products, which
represent the full-length hTERT transcript and the B
deletion transcript, were found in both of cervical cancer
cell lines. These results support that alternative splicing
of hTERT may serve as a potential mechanism for
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regulation of telomerase activity in cervical tumors. In
addition, our results showed that the down-regulation
levels of full-length hTERT after 72 h of treatment with
PKC inhibitors or high dose of TPA exposure were more
prominent as compared with those of the alternative
splicing of hTERT. The meaning of these discrepancies
in expression profiles between full-length and splicing
variants should be probed in the future.

Recent study demonstrated that activating PKC results
in upregulation of c-myc expression (Xu et al., 1998). It
also has been reported that myc induces telomerase by
increasing hTERT transcription (Wang et al., 1998), and
the hTERT promoter contains myc binding sites, as well
as potential binding sites for other transcription factors
that may be involved in its regulation (Cong et al,
1999). Taken together, these reports raise the possibility
that PKC may affect hTERT expression through myc or
other transcription factor. However, it was reported that
PKC activity did not correlate with c-myc expression
levels in K562. Thus, the issue of whether the c-myc
levels correlate with PKC activity has been subjected to
controversy (Lerga et al., 1999). It remains to be deter-
mined whether PKC affects the expression of the
telomerase-related genes through a secondary mech-
anism, such as myc or other transcription factors.
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