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Gadd45a Does Not Modulate the Carboplatin
or 5-Fluorouracil-Induced Apoptosis in Human
Papillomavirus-Positive Cells

Sandeep Singh, Ankur Kumar Upadhyay, Amrendra Kumar Ajay, and Manoj Kumar Bhat*
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Abstract Gadd45a is shown tobe inducedby awide spectrumofDNA-damaging agents and implicated innegative
regulation of cell growth by causing G2-M arrest or induction of apoptosis. In the present study, we explored the
involvement of p53 in the promoter activation of Gadd45a as well as the role of Gadd45a in carboplatin (Carb) or 5-
fluorouracil (5-FU)-inducedapoptosis in humanpapillomavirus virus (HPV)-positiveHEp-2andHeLacells.We report that
Carb or 5-FU upregulate Gadd45a and p53 in both these cells. Transient transfection of chloramphenicol acetyl
transferase (CAT)-reporter construct driven by Gadd45a promoter clearly indicated that Gadd45a upregulation was
mediated through activation of its promoter. Inhibition of p53 function by dominant-negative-p53 expression partially
suppressed the activation of Gadd45a promoter. Further, the induction of apoptosis was assessed by detection of poly
(ADP-ribose) polymerase (PARP) cleavage by Western blot analysis. Inhibition of upregulated Gadd45a expression by
antisense expression vector did not modulate the Carb or 5-FU-induced apoptosis. Overall, we conclude that Gadd45a
promoter activation partially depends on p53 function in HPV-positive cells. Moreover, Gadd45a protein does not
modulate Carb or 5-FU-induced apoptosis in these cells. J. Cell. Biochem. 100: 1191–1199, 2007. � 2006Wiley-Liss, Inc.
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In response to DNA damage, various molec-
ular and cellular processes are activated as a
part of the cellular stress response that result
in cell cycle arrest and induction of the DNA-
repair machinery to restore the damaged DNA
or to activate cell death program. The tumor
suppressor p53 has been demonstrated to play
an important role in these biological events, in
part through its downstream target genes [Slee
et al., 2004]. Among various downstream genes
regulated by p53, the growth arrest and DNA
damage-inducible gene alpha (Gadd45a) acts as
an important player in the control of G2-M
checkpoint [Wang et al., 1999; Zhan et al., 1999;
Jin et al., 2000a, 2002], DNA repair [Smith
et al., 1994, Hollander et al., 2001], and
apoptosis [Takekawa and Saito, 1998; Harkin

et al., 1999; Hildesheim et al., 2002; Zhan et al.,
2002; Tong et al., 2005]. In addition, the
potential roles of Gadd45a in malignant trans-
formationand tumorprogressionhavealsobeen
described [Hollander et al., 2001; Hildesheim
et al., 2002].

Gadd45a is generally found in very low
abundance under normal circumstances and
it is reported to be induced by a wide range
of genotoxic stress agents and growth arrest
treatments such as methylmethane sulfonate
(MMS), nitrogen mustard, melphalan, hydro-
gen peroxide, hypoxia,many cancer chemother-
apeutic drugs, ionizing radiation (IR), growth
factor withdrawal, and medium depletion
[Zhan, 2005]. The signaling pathways that
regulate Gadd45a expression after genotoxic
stress are complex and involve different
mechanism(s) depending on the types of DNA-
damaging agents as well as on different cellular
genetic statuses.Gadd45a is the onlymember of
theGadd gene familywhich is regulated by p53,
but p53 independent induction is also described
depending on the type of stress and cell type. IR-
induced Gadd45a induction is strictly depen-
dent on normal cellular p53 function [Kastan
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et al., 1992; Zhan et al., 1994a] whereas its
induction by MMS, UV, medium starvation,
and other non-IR agents does not require p53
function [Zhan, 2005]. Further, transcription
factors Oct-1 and NF-YA along with BRCA-1
have been implicated in upregulation of
Gadd45a gene in response to non-IR stresses
[Jin et al., 2000b, 2002; Zhao et al., 2000;
Takahashi et al., 2001; Fan et al., 2002; Hirose
et al., 2003]. Although these reports do not
support the role of p53, a number of investiga-
tions have demonstrated that the Gadd45a
response to non-IR treatments is stronger in
cells having functional p53 than that observed
in cells harboring negative p53 status [Zhan
et al., 1996, 1998]. The effect of p53 on Gadd45a
promoter to non-IR treatments is likely
mediated through p53 interaction with WT1
protein [Zhan et al., 1998].

Several studies have demonstrated that over-
expression of Gadd45a substantially inhibits
cell growth by blocking the cells at G2-M
transition [Zhan et al., 1994b; Wang et al.,
1999]. This function of Gadd45a is found to be
p53 dependent, since Gadd45a failed to arrest
p53-null Li-Fraumeni fibroblasts and human
cells with abnormal p53 status [Wang et al.,
1999]. In addition to cell cycle arrest, ectopic
expression of Gadd45a or its induction after
DNA damage has been linked with the induc-
tion of apoptosis [Takekawa and Saito, 1998;
Harkin et al., 1999; Hildesheim et al., 2002;
Zhan et al., 2002; Tong et al., 2005]. Overall,
these findings suggest that Gadd45a negatively
regulates cell proliferation and exert anti-
oncogenic effect by regulating G2-M checkpoint
or the induction of apoptosis, depending on the
nature of stress and the cell type. Although
Gadd45a regulation is correlated with induc-
tion of apoptosis, it remains unclear whether
Gadd45aactivatesapoptosis orwhetherGadd45a
upregulation occurs as a consequence of apop-
totic response to genotoxic stress [Zhan, 2005].

Studies so-far suggests that induction as well
as function of Gadd45a is directly or indirectly
regulated by p53. Since, in human papilloma-
virus (HPV)-positive cells p53 function is
abrogated by endogenous E6 expression, the
involvement of p53 in Gadd45a expression as
well as the function of Gadd45a in response to
DNA damage is not very clear. Our present
findings for the first time demonstrate that
Carb or 5-fluorouracil (5-FU) treatment
resulted in activation of Gadd45a promoter in

HPV-positive HEp-2 and HeLa cells which
was partially dependent on upregulated p53.
Further, data showed that Gadd45a induction
does not modulate the drug-induced apoptosis
in HPV-positive carcinoma cells.

MATERIALS AND METHODS

Cell Culture and Reagents

HEp-2 and HeLa cells were obtained from
American Type Culture Collection (ATCC)
(Manassas, VA) andmaintained in our in-house
National Cell Repository. Both these cell lines
are reported to contain human papillomavirus
type 18 (HPV-18) sequences [Yee et al., 1985;
Min et al., 1994]. Cells were routinely cultured
in minimum essential medium (MEM) (Sigma,
St. Louis, MO) supplemented with heat-inacti-
vated fetal bovine serum (FBS) (HyClone,Utah)
(10%), penicillin (100 U/ml), and streptomycin
(100 mg/ml) (Invitrogen, MD), at 378C with 5%
CO2. Carb and 5-FU were purchased from
Sigma and dissolved in sterile water to prepare
a stock of 50 mM. HEp-2 and HeLa cells were
treated with 150 mM of Carb or 750 mM of 5-FU
for 24 h at 378C.

Plasmid Constructs, Transfection, and CAT Assay

pHG45-CAT2 plasmid construct containing
the HindIII-SmaI fragment of the Gadd45a
promoter spanning from �909 to þ144 relative
to transcription start site inserted in chloram-
phenicol acetyl transferase (CAT) reporter gene
and Gadd45a expression vector pCMV45 were
kind gift of Dr. Albert J. Fornace Jr., NIH,
Bethesda, MD. PG13-CAT which contains 13
repeats of p53-binding site inserted in the 50 to
polyomavirus basal promoter linked to CAT
reporter gene and p53 dominant-negative
expression vector, pC53-SCX3, which expresses
a mutant p53 protein containing a substitution
of Ala for Val-143 was kindly gifted by Dr. Bert
Vogelstein, John Hopkins, Baltimore, MD.
pTRE45-AS was constructed to express
Gadd45a in antisense orientation under the
control of tetracycline activator in presence of
doxycycline. First Gadd45a cDNA (obtained
from pCMV45) was inserted into XbaI-HindIII
sites of pBIISK(þ) (Stratagene, CA). From here
Gadd45a cDNA was excised and cloned into
HindIII-NotI site of pTRE2 vector (Clontech,
CA) to obtain pTRE45-AS. pTRE2 vector is a
response plasmid that can be used to express
any gene of interest when it is present with
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doxycycline and pTet-On (Clontech) gene
expression system [Gossen and Bujard, 1992].
To express Gadd45a in antisense orientation,
cellswere transiently transfectedwithpTRE45-
AS and pTet-On plasmids and subsequently
treated with 0.1 or 1 mg/ml of doxycycline, as
indicated in the experiments. Semi-confluent
cells were transfected by Lipofectamine 2000
reagent as suggested by the manufacturer
(Invitrogen). Each transfection mixture con-
tained 7 mg of DNA including 1 mg of EGFP
expression vector pEGFPN1 (Clontech) as an
internal control for normalization of transfec-
tion efficiencies. In each transient transfection
experiments more than 50% transfection effi-
ciency was achieved as determined by the
expression of green fluorescent protein. After
18h of transfection, cellswerewashed and fresh
medium was added. Cells were harvested after
24 h following drugs treatment, collected and
resuspended in 0.25 M Tris (pH 7.5). Cells were
disrupted by five cycles of freeze-thaw. Equal
amount of protein was used for the CAT assay.
The CAT reactionmixture containing 1 mCi 14C-
chloramphenicol (NEN,Boston,MA) and 100 mg
of acetyl CoA (Amersham, Aylesbury, UK) was
incubated at 378C for 6 h. CAT activity was
determinedbymeasuring the acetylation of 14C-
chloramphenicol by thin layer chromatography.
TLC plates were analyzed by autoradiography
and by scanning on a phosphorimager (Bio-Rad,
CA). The specificCATactivitywas calculated by
determining the fraction of chloramphenicol
that had been acetylated during the reaction.
CAT values were normalized for EGFP expres-
sion. EGFP expression was quantitated by the
method as described earlier [Dandekar et al.,
2005]. All transfections were performed in
duplicate and all were repeated for at least
three times.

Reverse Transcription-PCR

HEp-2 andHeLa cells were treatedwith Carb
or 5-FU. Following treatment, total cellular
RNA from treated and untreated cells was
extracted using TRIzolTM reagent (Invitrogen),
according to the manufacturer’s instructions
and analyzed by RT-PCR as described earlier
[Chhipa et al., 2005]. The primer pairs used
were as follows: Gadd45a 50-AGA GCA GAA
GACCGAAAGGATG-30 (F) 50-ACG CGCAGG
ATG TTG ATG TCG-30 (R), b-actin 50-ATC TGG
CAC CAC ACC TTC TAC AAT GAG CTG CG-30

(F) 50-CGT CAT ACT CCT GCT TGC TGA TCC
ACA TCT GC-30 (R).

Immunoblotting

HEp-2 and HeLa cells were treated with
Carb or 5-FU. Following treatment, cells were
washed thrice with ice cold phosphate buffered
saline (PBS) and lysed in ice cold lysis buffer
(50 mM Tris-HCl, pH 7.5, with 120 mM NaCl,
10mMsodiumfluoride, 10mMsodiumpyropho-
sphate, 2 mM EDTA, 1 mM sodium orthovana-
date, 1 mM phenylmethylsulfonyl fluoride, 1%
NP-40 and protease inhibitor cocktail). Cellular
lysates were clarified by centrifugation at
15,000 rpm for 30 min and used for Western
blot analysis. Gadd45a, p53, PARP, and b-actin
were detected by Western blot analysis using
50 mg of cellular lysates. The Western blot
analysis of cleaved PARP from a p116 polypep-
tide to p85 fragment was assessed to demon-
strate the induction of apoptosis in Carb or
5-FU-treated cells. Samples were resolved on
denaturing SDS-polyacrylamide gel and trans-
ferred to membrane. The immunoblots were
detected by enhanced chemiluminescence (ECL)
reagent (New England Biolabs, MA).

Immunofluorescence Confocal Microscopy

HEp-2 and HeLa cells were grown on col-
lagen-coated cover slips and treated with Carb
or 5-FU. Cells were washed with PBS and fixed
with 3.7% paraformaldehyde for 10min at room
temperature. Cells were permeabilized in PBS
containing 0.1% Triton X-100 on ice and subse-
quently blocked with 10% FBS for 1 h at 48C.
Primary antibodies against Gadd45a (1:100) in
the blocking solution was added and incubated
for 2 h at room temperature. Following incuba-
tion, five 5 min washes were given. Fluorescein
isothiocyanate (FITC)-conjugated secondary
antibodies (1:100) was added in blocking solu-
tion and incubated for further 1 h at room
temperature. After five additional 5 min wash-
es, samples were examined on a confocal micro-
scope (LSM510, Carl Zeiss, Germany). Images
were subsequently processed by Adobe Photo-
shop software.More than100 cellswere inspect-
ed per experiment, and cells with typical
morphology are presented.

Statistical Analysis

Data are expressed as the mean of three
independent results. Statistical comparisons
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are made using student’s t-test and P-value
<0.05 was considered as significant.

RESULTS

p53 Is Upregulated After Carb or
5-FU Treatment

p53 is induced in various cell types including
HPV-positive cells, after treatment with DNA-
damaging agents like Carb or 5-FU [Koivusalo
et al., 2002; Yim et al., 2004]. We investigated
the status of p53 by Western blot analysis, in
HEp-2 and HeLa cells, treated for 24 h with
Carb or 5-FU. As shown in Figure 1, treatment
with Carb or 5-FU resulted in almost twofold
increase in p53 levels in HEp-2 cells, whereas
1.4- to 1.5-fold increase in HeLa cells.

Gadd45a Is Upregulated by Carb
or 5-FU Treatment

In many reports, it has been demonstrated
that DNA-damaging chemotherapeutic drugs
including platinum adducts like cisplatin
induces Gadd45amRNA and protein in various
cell types [Butz et al., 1999; Zhan, 2005]. To
investigate its response in HPV-positive cells,
HEp-2 andHeLa cellswere treatedwithCarb or
5-FUand the expression ofGadd45amRNAwas
analyzed by RT-PCR. As shown in Figure 2A,
cells exposed for 24 h to Carb or 5-FU, the level
of Gadd45a mRNA was induced markedly in
both HEp-2 and HeLa cells. Since, induction
of Gadd45a in response to non-IR agents is
mediated through the activation of its promoter

element [Jin et al., 2000b, 2002; Zhao et al.,
2000b; Takahashi et al., 2001; Fan et al., 2002;
Hirose et al., 2003], we next investigated,
whether increased Gadd45amRNA in response
to Carb or 5-FU treatment is mediated through
activation of its promoter. CAT reporter con-
struct pHG45-CAT2 which contains Gadd45a
promoter elements upstream of CAT gene
[Jin et al., 2000, 2001; Fan et al., 2002] was
transiently transfected in HEp-2 and HeLa
cells. Subsequently, cells were treated with
Carb or 5-FU and CAT activity was measured
in the lysates of untreated as well as treated
cells. As shown in Figure 2B, a marked induc-
tion of Gadd45a promoter was observed in
drugs-treated cells. Compared to untreated
cells, Carb treatment resulted in approximately
3.5- and 1.7-fold increase in Gadd45a promoter
activity in HEp-2 and HeLa cells, respectively.
Similarly, 5-FU treatment led to almost 2.8- and
1.5-fold increase in Gadd45a promoter activity
in HEp-2 and HeLa cells, respectively. Further,
to verify whether upregulated mRNA levels
results in increased expression of Gadd45a
protein, we performed immunofluorescence
staining for Gadd45a protein in untreated as
well as Carb or 5-FU-treated HEp-2 and HeLa
cells. As expected, in Carb and 5-FU-treated
cells, increase in Gadd45a protein expression
was detected (Fig. 1C). These data clearly
demonstrate that Carb or 5-FU treatment
results in increased expression of Gadd45a in
HPV-positive HEp-2 and HeLa cells. Moreover,
the upregulation of Gadd45a in response to
Carb or 5-FU treatment is through the activa-
tion of its promoter element.

Gadd45a Promoter Activation Is
Partially Regulated by p53

Even though, p53-bindingmotif is not present
in Gadd45a promoter, p53 can participate in
transcriptional activation of Gadd45a promoter
without direct DNA binding [Zhan et al., 1998].
Thus, itwas of interest to study the involvement
of p53 in the induction of Gadd45a with or
without genotoxic stress in HEp-2 and HeLa
cells. Cells were cotransfected with Gadd45a
promoter reporter construct, pHG45-CAT2 and
dominant-negative p53 expression vector; pC53-
SCX3. Interestingly, expression of mutant p53
resulted in inhibition of Gadd45a promoter
activity by 20% in both HEp-2 and HeLa cells
(Fig. 3A). Further, to study the role of p53 in

Fig. 1. p53 is upregulated by Carb or 5-FU treatment. HEp-2
and HeLa cells were treated with Carb and 5-FU for 24 h. Cells
were harvested and processed for Western blot analysis as
described in Materials and Methods. Expression levels of p53
protein were determined by quantitation of Western blotting
signals using densitometry scanner analysis (Phosphorimager,
Bio-Rad). These results are representative of three independent
experiments. Fold expression was calculated with reference to
untreated cells. The * indicates the mean value is significantly
different (P< 0.05) than the control.
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Carb or 5-FU-induced activation of Gadd45a
promoter;cellsweretransfectedwithpHG45CAT2
with or without pC53-SCX3 and then treated
with Carb or 5-FU. As expected, drugs treat-
ment significantly activated Gadd45a promoter
(Fig. 3B; lanes 2 and 4 as compared to lane 1),
which was reduced in presence of mutant p53
overexpression (Fig. 3B; lane 3 as compared to
lane 2 for Carb and lane 5 as compared to lane 4
for 5-FU). HEp-2 cells, overexpressing domi-

nant-negative p53 and subsequently treated
with Carb or 5-FU, Gadd45a promoter activity
reduced by 30 and 40%, respectively. Similarly,
HeLa cells overexpressing dominant-negative
p53 and subsequently treated with Carb or
5-FU, Gadd45a promoter activity reduced by
25 and 30%, respectively. Relative folds of
Gadd45a promoter activation is represented as
bar graph. These results clearly demonstrate
that abrogation of p53 function results in

Fig. 2. Gadd45a is induced by Carb or 5-FU treatment. A:
mRNA expression of Gadd45a in 24 h treated (Carb and 5-FU)
and untreated (Con) HEp-2 and HeLa cells. Expression of b-actin
mRNA was used as control for RNA integrity and equal loading.
Expression levels of Gadd45a mRNA were determined by
quantitation of bands using densitometry scanner analysis
(Phosphorimager, Bio-Rad). Fold expressionwas calculatedwith
reference to untreated cells. B: HEp-2 and HeLa cells were
transiently transfected with Gadd45a promoter construct
pHG45-CAT2 and treated with Carb or 5-FU for 24 h. Equal
amountof proteinwasused to estimateCATactivity.CATactivity

(normalized to EGFP expression) is reported as fold of the%-CAT
activity, calculated as given in Materials and Methods.
C: Gadd45a protein levels in drugs-treated cells. HEp-2 and
HeLa cells were treated with Carb or 5-FU for 24 h. Gadd45a
protein was detected by immunofluorescence staining. Pictures
were taken in confocal microscope (LSM510, Carl Zeiss) and
images were subsequently processed by Adobe Photoshop
software. These results are representative of three independent
experiments. The * indicates the mean value is significantly
different (P<0.05) than the control.
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diminished activation of Gadd45a promoter in
response to Carb or 5-FU.

Upregulation of Gadd45aDoes Not Modulate the
Carb or 5-FU-Induced Apoptosis

Expression or induction of Gadd45a has been
linked to inhibition of cell growth by inducing
cell cycle arrest at G2-M phase as well as
apoptosis [Takekawa and Saito, 1998; Wang
et al., 1999]. In our previous study, we have
demonstrated that Carb or 5-FU exerts its
cytotoxic effect by the induction of apoptosis in
HPV-positive cells. Carb or 5-FU treatment
resulted in decreased Bcl-2 protein level accom-
panied by caspase-9 activation and PARP

cleavage [Singh et al., 2006]. In the present
study, we next evaluated, whether upregulated
Gadd45a is also involved in the process of
apoptosis induced by Carb or 5-FU in HPV-
positive cells. To inhibit the induction of
Gadd45a, we expressed antisense Gadd45a in
the cells. The functionality of the Gadd45a
antisense expression vector (pTRE45-AS) was
initially ascertained by transfecting pTRE45-
AS along with pCMV45 and pTet-On in HeLa
cells. Cells, transfected with pTRE45-AS and
subsequently treated with doxycycline exhib-
ited a dose-dependent inhibition of Gadd45a
expression (Fig. 4A). Next, as shown in
Figure 4B, HeLa cells were transiently trans-
fected with pTRE45-AS together with pTet-On
plasmid and the expression of Gadd45a anti-
sense was initiated by addition of doxycycline.
Subsequently, these cells were treated with
drugs as indicated in Figure 4B. Drug treat-
ment resulted in significant PARP cleavage as
compared to untreated cells (Fig. 4B, lanes 3
and 5 as compared to lane 1). Doxycycline

Fig. 3. Gadd45a promoter activation is partially regulated by
p53. A: HEp-2 and HeLa cells were transfected with pHG45-
CAT2 along with pC53-SCX3 or vector backbone. Cells were
harvested and equal amount of proteinwas used for estimation of
CAT activity. CAT activity (normalized to EGFP expression) is
reported as fold of the%-CAT activity, calculated as described in
Materials andMethods.B: HEp-2 andHeLa cellswere transiently
transfected with pHG45-CAT2 along with pC53-SCX3 or vector
backbone. Transfected cellswere treatedas indicated. Cellswere
harvested and equal amount of proteinwas used to estimate CAT
activity. The fold of Gadd45a promoter driven CAT activity
(normalized to EGFP expression) is calculated as given in
Materials and Methods. Data are also represented as bar graph.
These results are representative of three independent experi-
ments. The * indicates the mean value is significantly different
(P<0.05) within the groups.

Fig. 4. Gadd45a does not modulate the drugs-induced
apoptosis. A: HeLa cells were transiently transfected with
Gadd45a expression vector pCMV45 along with pTet-On and
pTRE45-AS as indicated. Eighteen hours after transfection, cells
were treated with increasing concentrations of doxycycline for
24 h. Cells were harvested and equal amount of protein (50 mg)
was processed for Western blot analysis to determine the
Gadd45a expression. B: HeLa cells were transiently transfected
with pTRE45-AS or vector backbone along with pTet-On. Cells
were treated with doxycycline to express Gadd45a in antisense
orientation. Transfected cells were treated with Carb or 5-FU, as
indicated. Cells were harvested and equal amount of protein
(50 mg) was processed for Western blot analysis for PARP
cleavage as described in Materials and Methods. These results
are representative of three independent experiments.
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treatmentand inhibition ofGadd45a expression
did not result inPARP cleavage (Fig. 4B, lanes 1
and 2). Moreover, drug-induced PARP cleavage
was not altered by inhibition of Gadd45a
expression in Carb (Fig. 4B; lane 4 as compared
to lane 3) as well as 5-FU (Fig. 4B; lane 6 as
compared to lane 5) treated cells. Similar
results were obtained in HEp-2 cells (data not
shown).
Overall, the results suggest that increase in

Gadd45a levels does not significantly contribute
to the Carb or 5-FU-induced apoptosis in HPV-
positive HEp-2 and HeLa cells.

DISCUSSION

It is well established that upon DNA damage,
p53 protein is stabilized and in turn, regulates
many target genes that may play roles in
different aspects of cellular response [Slee
et al., 2004]. In HPV-positive cells, E6 oncopro-
tein inactivates p53 by inducing its degradation
[zur Hausen, 2002]. Several reports have
demonstrated that even in HPV-positive cells,
the DNA-damaging drugs like Carb or 5-FU are
able to induce physiologically enough functional
p53 to execute its functions [Koivusalo et al.,
2002; Yim et al., 2004]. In agreement with these
reports, we also demonstrate the induction of
p53 inHEp-2 andHeLa cells after Carb or 5-FU
treatment (Fig. 1). As a well-defined p53 down-
streamgene, Gadd45a is the onlymember of the
Gadd gene family that is p53 regulated [Zhan,
2005]. The signaling that regulate Gadd45a
induction is complex and is based on differences
in genetic status of the cell as well as the type of
DNA damage stress [Zhan, 2005]. Moreover,
induced Gadd45a is implicated in several
important biological events such as mainte-
nance of genomic fidelity [Hollander et al., 1999]
possibly due to its involvement in the control of
cell cycle G2-M checkpoint [Wang et al., 1999;
Zhan et al., 1999; Jin et al., 2000a, 2002],
induction of cell death [Takekawa and Saito,
1998; Harkin et al., 1999; Hildesheim et al.,
2002; Zhan et al., 2002; Tong et al., 2005], and
DNA repair process [Smith et al., 1994; Hol-
lander et al., 2001]. In the present study, we
clearly demonstrate that Carb or 5-FU treat-
ment leads to Gadd45a upregulation in HPV-
positive, HEp-2, and HeLa cells. Carb or 5-FU
treatment resulted in a significant increase in
Gadd45a promoter activity, leading to its
increased expression in HEp-2 as well as HeLa

cells (Fig. 2). Induction of Gadd45a gene in
HPV-positive cells by various DNA-damaging
drugs and UV radiation has been reported
earlier [Butz et al., 1999]. However in the
present study, we for the first time report that
Carb and 5-FU-mediated Gadd45a induction is
due to the activation of its promoter. Since, p53
is reported as direct or indirect activator of
Gadd45a, we explored the involvement of basal
as well as induced p53 in the activation of
Gadd45a promoter. Interestingly, cells inwhich
p53 activity was abrogated by the expression of
dominant-negative p53, diminished Gadd45a
promoter activity was observed, both at basal as
well as in drugs-induced states (Fig. 3). Similar
results were obtained when cells were pre-
treatedwith pifithrina, a physiological inhibitor
of p53 functions (data not shown). Even though,
Gadd45a promoter does not contain p53 respon-
sive motif in its promoter region, the results
suggest that functional p53 may contribute to
the basal as well as Carb or 5-FU-mediated
activation of Gadd45a promoter in HPV-posi-
tive cells. Several evidences indicate that p53
exists in theWT1-associated complex that has a
synergistic effect with WT1 in induction of the
Gadd45a promoter in response to the genotoxic
stresses [Zhan et al., 1998]. This may be one of
the mechanisms by which p53 might contribute
to the stress responsiveness of Gadd45a promo-
ter in these cells.

Although, the role of Gadd45a is yet to be
clearly understood, it is well known that Gadd
45a protein binds to the regulators of DNA
replication and cell cycle, such as PCNA (pro-
liferating cell nuclear antigen) and p21 protein
[Smith et al., 1994; Kearsey et al., 1995a].
Moreover, it has been proposed that Gadd45a is
directly responsible for the DNA excision repair
process, although this hypothesis is still con-
troversial [Kearsey et al., 1995b; Smith et al.,
1996; Hollander et al., 2001]. Nonetheless,
Gadd45a is strongly proposed to be involved in
the induction of apoptosis [Takekawa and Saito,
1998;Harkinetal., 1999;Hildesheimetal., 2002;
Zhanetal., 2002;Tong etal., 2005]. Thus, overall
Gadd45aactsasnegativeregulator of cellgrowth
either by inducing cell cycle arrest or by inducing
apoptosis [Zhan, 2005]. Therefore, we investi-
gated its involvement in induction of apoptosis in
HEp-2 and HeLa cells. In our earlier reports, we
have demonstrated that apoptosis induced by
Carb or 5-FU in HPV-positive cells is mediated
through downregulation of Bcl-2 via NF-kB
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inactivation [Singh and Bhat, 2004; Singh et al.,
2006]. Here, we investigated the role of upregu-
lated Gadd45a in Carb or 5-FU-induced apopto-
sis in HPV-positive HEp-2 and HeLa cells.
Proteolytic cleavage of PARP from a p116
polypeptide to p85 and p29 fragments is one of
the hallmarks of apoptosis [Kaufmann et al.,
1993], therefore the cleavage of PARP was
assessed to demonstrate the induction of apop-
tosis in Carb or 5-FU-treated cells. As shown in
Figure 4B, in Carb or 5-FU-treated cells, inhibi-
tion of Gadd45a expression did not show any
significant difference in PARP cleavage as
compared to vector alone transfected cells. This
implies that Carb or 5-FU-induced apoptosis is
independent of the induced Gadd45a expression
in HEp-2 and HeLa cells. These findings are in
accordance with the report in which it was
demonstrated that Gadd45a induction did not
affect viability of airway and type II epithelial
cells during hypoxia exposure [Roper et al.,
2005].

Overall, we demonstrate that Gadd45a pro-
moter is partially regulated by p53-functions in
HPV-positive cells. Importantly, the functions
of induced Gadd45a in response to DNA-
damage stress may vary with the cell type,
because in the present study, apoptosis induced
by Carb or 5-FUwas found to be independent of
Gadd45a functions in HPV-positive HEp-2 and
HeLa cells. Therefore, we propose that even
though Gadd45a upregulation occurs as a con-
sequence of apoptotic response to genotoxic
stress, its significance in the induction of apo-
ptosis is solely dictated by the nature of stress
and probably, by the cell type differences.
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