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Pituitary tumor transforming gene (PTTGI1) is widely
detected in many tumors. Increasing evidence reveals that
PTTG1 is associated with cell proliferation, cellular
transformation and apoptosis. However, the functions of
PTTGI], especially its role in DNA damage-induced
apoptosis, remain largely unclear. In this report, we used
UV irradiation to induce apoptosis in HeLa cells to
examine the role of PTTGI1 in UV-induced apoptosis by
RNAi-mediated knockdown and overexpression of
PTTGI1. RNAi-mediated knockdown of PTTG1 expression
increased and overexpression of PTTG1 decreased the UV-
induced apoptosis. Furthermore, UV irradiation decreased
PTTG1 mRNA and protein expression. These effects were
found to be mediated by JNK pathway. Therefore, PTTG1
had an important anti-apoptotic role in UV-induced
apoptosis and this role was mediated by JNK pathway.
These results may provide important information for
understanding the exact role and the regulation
mechanism of PTTG1 in UV-induced apoptosis.
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Introduction

Pituitary tumor transforming gene (PTTG1), also called securin,
is a newly isolated oncogene (Pei and Melmed, 1997
Dominguez et al., 1998). Human PTTG1 cDNA encodes a
protein of 203 amino acids that is predominately located in the
cytoplasm with partial nuclear localization. PTTGI1 is
overexpressed in various primary tumors and tumor cell lines,
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including carcinomas of lung, breast, esophagus, colon,
melanoma, leukemia, lymphoma, pituitary adenoma and
astrocytoma (Saez ef al., 1999; Zhang et al., 1999a; Zhang et
al., 1999b; Heaney et al., 2000; Shibata et al., 2002; Tfelt-
Hansen et al., 2004). However, among normal adult tissues,
PTTGI is expressed at high level only in the testes, with lower
expression detected in thymus and intestines (Pei and
Melmed, 1997; Dominguez et al., 1998; Zhang et al., 1999b).
PTTGI expression is reported to be a powerful marker for
lymph-node invasion and tumor recurrence and a novel
therapeutic target in breast cancer (Solbach er al, 2004;
Ogbagabriel et al., 2005). It is also proposed to be a potential
prognostic marker and therapeutic target for differentiated
thyroid cancer (Boelaert et al., 2003; Saez ef al., 20006).

The exact function of PTTGI is not clear, but increasing
evidence reveals that PTTGI plays crucial roles in cell-cycle
progression, appropriate cell division and chromosome stability,
in addition to its involvement in malignant transformation and
tumorigenesis (Zou et al., 1999; Yu et al., 2000; Jallepalli et
al, 2001; Wang et al., 2001; Clem et al., 2003). PTTGI
inhibits sister chromatid separation and is related to cell-cycle
control. PTTG1 expression appears to be cell-cycle dependent
and peaks in mitosis. PTTG1 can be phosphorylated by Cdc2
kinase during mitosis (Ramos-Morales ef al., 2000). PTTG1
processes transcriptional activation capability and directly
binds to the c-myc promoter sequence and upregulates its
expression, which suggests that PTTG1 would mediate cellular
transformation by activating this oncogene (Pei, 2001). As an
oncogene, PTTGI is a multifunctional protein that stimulates
the expression and secretion of mitogenic and angiogenic
factors such as bFGF and VEGF, which implies that it may
play a role in tumor angiogenesis (McCabe et al., 2003).
Increased expression of PTTG1 in mouse fibroblast (NIH
3T3) and human embryonic kidney (HEK293) cells results in
increased cell proliferation, induced cellular transformation
and promoted tumor formation, thus demonstrating the
importance of PTTG1 in human tumorigenesis (Kakar and
Jennes, 1999; Hamid et al., 2005). This evidence implies that
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PTTGI plays an important role in cell proliferation. But its
role in DNA damage-induced apoptosis remains unclear.

In this report, we used UV irradiation to induce apoptosis in
HeLa cells to examine the role of PTTGI in UV-induced
apoptosis by RNAi-mediated knockdown and overexpression
of PTTG1. RNAi-mediated knockdown of PTTG1 expression
increased and overexpression of PTTG1 decreased the UV-
induced apoptosis. Furthermore, UV irradiation decreased
PTTG1 mRNA and protein expression and these effects were
mediated by JNK pathway.

Materials and Methods

Construction of plasmids. pIRES2-PTTG1-The human PTTG1
cDNA was generated by use of specific primers and cDNA
prepared from total RNA as a template in PCR. The primers used
were sense 5'-~AGAATGGCTACTCTGATCTATG-3' and antisense
5'-CACAAACTCTGAAGCACTAAG-3'". The PCR conditions were
initial denaturation at 95°C for 3 min, then 95°C for 30 s, 50°C for
45 s, and 72°C for 1 min for 32 cycles, with the final extension at
72°C for 10 min after the last cycle of amplification. The pIRES2-
PTTG1 chimeric construct was prepared by subcloning the full-
length PTTG1 c¢DNA into pIRES2-EGFP vector (Clontech
Laboratories). The construct was confirmed by enzymatic digestion
and sequenced to verify the correct reading frame.

Inducible RNAi of PTTGI-Two single-strand oligos were
synthesized as follows: Top-strand oligo, 5'-CACCGTCCTCTAGA
CTTTGAGAGTTTCAAGAGAACTCTCAAAGICTAGAGGAT
TTTTTGGAA-3'; and lower-strand oligo, 5-~AAAATTCCAAAAA
ATCCTCTAGACTTTGAGAGTTCTCTTGAAACTCTCAAAGT
CTAGAGGAC-3'. These 2 oligos were annealed to form duplexes.
The duplex products were step-wise subcloned into pENTR/H1/TO
vector (BLOCK-T™ Inducible H1 RNAi Entry Vector Kit,
Invitrogen) and confirmed by sequencing.

Cell culture, transfection and selection. The Hela cell line was
purchased from the American Type Culture Collection and cultured
in Dulbecco’s modified Eagle’s medium (DMEM) containing 10%
fetal calf serum. All of the culture reagents and media were from
Gibco. Zeocin, blasticidin, G418 and tetracycline were purchased
from Invitrogen.

To establish a stable cell line that stably expressing PTTG1 and
inducibly repress PTTG1, we followed the protocols of pIRES2-
EGFP Vector (Clontech Laboratories) and BLOCK-T Inducible
H1 RNAI Entry Vector Kit (Invitrogen), respectively. Briefly, For
the establishment of the HeLa cell line stably expressing PTTG1
and vector, pIRES2-PTTG1 and pIRES2 plasmid was transfected
into HeLa cells£ respectively. After 24 h, transfected HeLa cells
were under the selection of 600 ng/ml G418 for approximately 1
week. These two kinds of neomycin-resistant colonies were named
HeLa/pIRES2 PTTG1 and HeLa/vector cells, respectively. After
selection, both cell types were cultured with 10% fetal calf serum
with 300 pg/ml G418. Western blotting was performed to detect
PTTG1 gene expression in these two cells.

The BLOCK-iT™ Inducible HI RNAi Entry Vector Kit was
used to generate tetracycline-regulated expression of a short hairpin

RNA (shRNA) to knockdown PTTGI level in HeLa cells. To
obtain a cell line that stably expresses the Tet repressor, pcDNA6/
TR was transfected into HeLa cells. After 24 h, transfected cells
were under the selection of 4 pg/ml blasticidin for approximately 1
week. The blasticidin-resistant colonies were expanded in 10-cm
dishes and cultured in media with 2 pg/ml blasticidin consistently
expressing the same amount of Tet repressor. To generate
tetracycline-regulated expression of PTTG1, pENTR/H1/TO was
transfected into HeLa cells stably expressing Tet repressor. After
24 h, transfected cells were under the selection of 50 pg/ml zeocin
and 2 pg/ml blasticidin for approximately 10 days. The zeocin-
resistant colonies were expanded in 10-cm dishes for analysis. After
selection, cells with tetracycline-regulated expression of PTTGI,
named HeLa/P-T, were cultured in DMEM supplemented with
10% fetal calf serum with 25 pg/ml zeocin and 2 pg/ml blasticidin.
Western blot analysis was performed to determine the alteration in
PTTGI expression on culture with or without 1 pg/ml tetracycline.

Western blotting, Cell lysates were prepared as reported previously
(Yu et al., 2002). Briefly, cells were lysed with cell lysis buffer for
30 min on ice, and the lysates were clarified by centrifugation at
12,000 x g for 15 min at 4°C. Protein concentration was quantified
(PIERCE), and protein samples (50 pg) were separated by SDS-
PAGE and transferred onto nitrocellulose membranes. PTTG1, p-
INK, p-p38 and B-actin proteins were identified with the primary
antibodies sc-22772, sc-6254, sc-7975-R and sc-47778, respectively,
(Santa Cruz Biotechnology). The secondary antibodies, sc-22772
(rabbit polyclonal anti-PTTG1) and sc-7975-R (rabbit polyclonal
anti-p-p38; both Santa Cruz Biotechnology) were detected with sc-
2004 (goat anti-rabbit IgG-HRP)£"and sc-6254 (mouse monoclonal
anti-p-JNK) and sc-47778 (mouse monoclonal anti-a-actin) were
detected with sc-2005 (goat anti-mouse IgG-HRP). Each assay was
repeated at least 3 times.

Apoptosis analysis by flow cytometery. Cells were challenged
with UVC (UVC 500 Ultraviolet Crosslinker£"Hoefer) at 200 J/m?
to induce apoptosis (Nakagawa et al., 2002; Hwang et al., 2007),
whereupon the monolayers were incubated in DMEM with
supplements. Detached and adherent cells were then harvested at
various times (0-48 h). Cells were then stained either by propidium
iodide (PI) or annexin V. For PI staining, cells were analyzed for
DNA content by the flow cytometry FACSCalibur (BD Biosciences).
Annexin V staining involved use of ApoAlert apoptosis kits (BD
Biosciences Clontech) following the manufacturer’s recommendations.
Annexin V-stained cells were analyzed by flow cytometry,
measuring the fluorescence emission at 488 nm. Each apoptosis
assay was carried out in triplicate and repeated at least 3 times.

Semi-quantitative real-time PCR. Total RNA was extracted with
use of RNeasy kit (Qiagen). cDNA was prepared from 2 g of total
RNA (TagMan Reverse Transcription Reagents, ABI/Roche,
Branchburg, NJ) following the manufacturer’s instructions. PCR
amplifications involved the SYBR Green PCR Master Mix kit
(Applied Biosystems) according to the manufacturer’s protocol in a
real-time ABI PRISM 7700 Instrument (PE Applied Biosystems).
We used the standard curve method to quantify and normalize
amounts of PTTGI relative to GAPDH mRNAs. Two pairs of
primers were synthesized as follows: PTTG1 primer, forward 5'-
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TGA TCC TTG ACG AGG AGA GAG-3, reverse 5'-GGT GGC
AAT TCA ACA TCC AGG-3'; GAPDH primer, forward 5-CAC
CAG GGC TGC TTT TAA CTC-3', reverse 5-GAA GAT GGT
GAT GGG ATT TC-3'. Each assay was repeated at least 3 times.

Results

Suppression of PTTG1 increases UV-dependent apoptosis.
As shown in Fig. 1A, the expression of PTTGI1 protein
decreased markedly in HeLa/P-T cells on incubation with 1
pg/ml tetracycline for 24 h.

To elucidate the role of PTTGI in UV-induced apoptosis,
we performed flow cytometric analysis to determine the rate
of UV-dependent cell death in normal HeLa cells and HeLa/P-
T cells. Both of these 2 cell types were split into 2 sub-
populations: one incubated in normal media and the other in
media with 1 pg/ml tetracycline for 24 h before challenge
with UV-C fluence of 200 J/m” Irradiated cells were re-
incubated in their corresponding media for different times (0-
48h). Only a minor fraction (about 1~3%) of the non-
irradiated cells underwent apoptosis. As shown in Fig. 1B, the
proportion of UV-induced apoptosis in HeLa/P-T cells
incubated with 1 pg/ml tetracycline was markedly larger than
that of other 3 subpopulations (no apparent difference between
these 3 subpopulations).

The role of PTTGI in UV-induced apoptosis was also
analyzed by fluorescent annexin V staining. Both of those 2
cell types were treated as described above and stained with
annexin V. Fig. 1C showed that UV-induced apoptosis was
greater in HeLa/P-T cells incubated with tetracycline than in
the other 3 subpopulations. At 24 h after UV treatment, 48%
of HeLa/P-T cells with tetracycline underwent apoptosis as
compared with about 33% of other 3 subpopulations (no
apparent difference between these 3 subpopulations). Together,
these results suggest that suppression of PTTGI increased
UV-induced apoptosis.

Overexpression of PTTG1 decreases UV-dependent
apoptosis. Since the knockdown of PTTGI increased UV-
induced apoptosis, we reasoned that PTTGI1 protected the
HeLa cell line from UV-induced apoptosis. Therefore, we
determined the role of PTTG1 in UV-induced apoptosis by
western blotting to detect PTTG1 protein expression in HeLa/
pIRES2 PTTGI1 and HeLa/vector cell types. The expression
of PTTG1 protein in HeLa/pIRES2 PTTGI cells was
increased markedly as compared with that of the other 2
groups (Fig. 2A).

We also performed flow cytometric analysis to determine
the rate of UV-induced cell death in normal Hela, Hel.a/
pIRES2 PTTG1 and HeLa/vector cells challenged with UV-C
fluence of 200 J/m” Irradiated cells were re-incubated in
media for different times (0-48 h). Only a minor fraction
(about 1~3%) of the nonirradiated cells underwent apoptosis.
As shown in Fig. 2B, the proportion of UV-induced apoptosis
in HeLa/pIRES2 PTTGI cell line was markedly smaller than
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Fig. 1. Expression of PTTGI and UV-dependent apoptotic response
of cell lines HeLa, HeLa in tetracycline, HeLa/P-T and HeLa/P-
T in tetracycline. (A) Expression of PTTGI in cell lines HeLa,
HeLa/P-T and HeLa/P-T in 1 pg/ml tetracycline. The first 2 cell
types were incubated in normal DMEM media and the last one
in DMEM with 1 pg/ml tetracycline for 24 h before harvesting.
(B-C) UV-dependent apoptotic response of cell lines HeLa, HeLa
in tetracycline, HeLa/P-T and HeLa/P-T in tetracycline. Two cell
lines (HeLa and HeLa/P-T) were divided into 2 subpopulations,
one incubated in normal DMEM, the other in DMEM with 1
pg/ml tetracycline, then incubated in corresponding media for
24 h before UV irradiation (200 J/m?) and reincubated in their
corresponding media. Apoptotic fractions were determined by
flow cytometry at the indicated times. (B) The percentage of
apoptotic cells following UV irradiation then harvested at 0, 12,
24, 36 and 48h and analyzed with flow cytometry. (C) The
percentage of apoptotic cells following UV irradiation then
harvested at either immediately (0 h) or 24 h later, then Annexin
V stained, and analyzed with flow cytometry. Data are presented
as means + SEM of three independent experiments.
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Fig. 2. Expression of PTTG1 and UV-dependent apoptotic response
of cell lines HeLa, HeLa/Vector, HeLa/pIRES2 PTTGI. (A)
Expression of PTTGI in cell lines Hela, Hela/Vecror and Hela/
pIRES2 PTTGI1. All the 3 cell lines were incubated in normal
DMEM media. (B-C) UV-dependent apoptotic response of cell
lines HeLa, HeLa/Vector, HeLa/pIRES2 PTTGI. Cell lines were
UV challenged (200 J/m?) and reincubated in DMEM. Apoptotic
fractions were determined by flow cytometry at the indicated times.
(C) The percentage of apoptotic cells following UV irradiation then
harvested at either immediately (0 h) or 24 h later, then Annexin V
stained, and analyzed with flow cytometry. Data are presented as
means + SEM of three independent experiments.

that of normal HeLa cells and HeLa/vector cells (no apparent
difference between these 2 groups).

The role of PTTGI in UV-induced apoptosis was also
analyzed by fluorescent annexin V staining. Fig. 2C showed
that UV-induced apoptosis was less in HeLa/pIRES2 PTTGlI
cells than in the other 2 cells. At 24 h after UV treatment,
about 32% of HeLa/pIRES2 PTTGI cells underwent apoptosis,
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Fig. 3. The effect of UV irradiation on PTTG1 expression. (A)
After UV irradiation of different doses, the cells were reincubated
in DMEM media for 12h and then harvested to examine with
western blot. (B) and (C): Hela cells were exprosed to UV
irradiation at the dose of 400 J/m? then reincubated in DMEM.
They were harvested at the indicated times to determine the
expression of PTTG1 protein and mRNA. (B) Western blot results.
(C) Real-time quantitative PCR results.

whereas about 19% of other 2 cell types died through the
apoptotic pathway (no apparent difference between these 2
cell lines). Together, these results suggest that overexpression
of PTTG1 decreases UV-dependent apoptosis.

UV irradiation decreases PTTG1 mRNA and protein
expression. As described above, PTTG1 protected HeLa cells
against UV-induced apoptosis. Therefore, we reasoned that
the expression of PTTGI decreased after treatment with UV
irradiation.

As shown in Fig. 3A, UV-C irradiation resulted in a
reduced amount of PTTG1 protein in HeLa cells as detected
by western blotting. The decrease in PTTGI level was dose
dependent and occurred rapidly, within 0.5h after UV
exposure (Fig. 3B).

As shown in Fig. 3C, UV-C irradiation resulted in reduced
amount of PTTG1 mRNA as detected by real-time quantitive
PCR and occurred rapidly, within 0.5 h after UV exposure.
Therefore, UV-mediated depletion of PTTG1 depends on
mRNA downregulation.
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Fig. 4. The effects of c-Jun N-terminal kinase inhibitor (SP600125)
on UV-induced decrease of PTTG1 protein and mRNA expression.
(A) The effects of UV irradiation on activation of JNK and p38
pathway in Hela cells. They were UV-challenged (400 J/m?) and
reincubated in DMEM media. Then harvested at the indicated
times. (B) The effects of c-Jun N-terminal kinase inhibitor
(SP600125) on UV-induced decrease of PTTG1 protein expression.
Hela cells were pretreated with SP600125 (20 pM) for 0.5 to 1 h,
and then underwent UV irradiation at 400 J/m*. They were
reincubated in DMEM with 20 uM SP600125. Cells were
harvested at the indicated times to undergo western blot analysis..
SP600125 can inhibit the activations of p-JNK. (C) The effects of
c-Jun N-terminal kinase inhibitor (SP600125) on UV-induced
decrease of PTTG1 mRNA expression. Hela cells were pretreated
with SP600125 (20 uM) for 0.5 to 1h and then underwent UV
irradiation at 400 J/m>. They were reincubated in DMEM with
20 uM SP600125. Cells were harvested at the indicated times to
undergo real-time PCR.

UV irradiation decreases PTTG1 mRNA and protein
expression through the JNK pathway. Since UV irradiation
decreased PTTG1 protein and mRNA expression, we
wondered how UV irradiation downregulated PTTG1. UV
irradiation activates several pathways, including the Jun N-
terminal kinases (JNK) and p38 pathway, to induce apoptosis.
Therefore, we tested whether UV irradiation activated these 2
pathways in the HeLa cell line. As shown in Fig. 4A, UV
irradiation induced a rapid and sustained activation of both
JNK and p38.

PTTGI1

B -Actin

0 Y2 1 2 4 8 12h

Fig. 5. The effects of p38 inhibitor (SB203580) on UV-induced
decrease of PTTGI1 protein expression. Hela cells were pretreated
with SB203580 for 0.5 to 1h, then underwent UV irradiation at
400 J/m*. They were reincubated in DMEM with 10 uM SB203580.
Cells were harvested at the indicated times to undergo western blot
analysis. SB203580 can inhibit the activations of p-p38.
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Fig. 6. The effects of p38 inhibitor (SB 203580) on UV-induced
decrease of PTTG1 mRNA expression. Hela cells were pretreated
with SB203580 for 0.5 to 1 h and then underwent UV irradiation at
400 J/m?. They were reincubated in DMEM 10 uM SB 203580.
Cells were harvested at the indicated times to undergo real-time
PCR.

To identify the mechanism involved in PTTGI1 depletion,
first we incubated UV-treated HeLa cells with the inhibitors of
the INK and p38 pathway (SP600125: c-Jun N-terminal
kinase inhibitor; SB203580: p38 inhibitor). Treatment with
SP600125 prevented the reduced amount of PTTGI protein
(Fig. 4B). However, SB 203580 was unable to prevent the
reduction (Fig. 5).

Next, we examined the effect of SP600125 and SB 203580
on UV-mediated depletion of PTTGI by real-time quantitive
PCR. SP600125 (Fig. 4C) but not SB203580 (Fig. 6) prevented
the reduction in the amount of PTTG1 mRNA. Therefore, UV
irradiation decreases PTTG1 protein and mRNA expression
through the INK pathway.

Discussion

Our results showed that PTTGI1 suppression increased and
overexpression decreased UV-induced apoptosis. Furthermore,
UV irradiation downregulated the PTTG1 mRNA and protein
expression in a time- and dose-dependent manner. Finally, our
results demonstrated that UV irradiation-induced suppression
of PTTG1 was primarily through activation of the JNK
signaling pathway.
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TAAAGCAATAAACCATTGTTATTGAGTCAGTACCTCAGTCCATGCAGCTTAATAATATGG
Predicted site

AGAGCAAAAAAAAAAAGCCTCTCGATTTATTTTTTAATATTACACGATCCTAGTTTTTTC
TTCCCAGAAAACGTGCCACAAAGTTTGCAAGAAAGAGCTTTTGGGGCGGAGCCCTGGCTG
CTTAGGTCCTTTCCATTGGTTCTACTTGGTGACCACGCCCACGGCCCCGCCTCCTGGGOG
GAAGAGCCAATTGGGCCGCGAGTTGTGGTTTAMCCAGGAGTGCGCCGCGTCCGTTCACC

+1
GCGGCCTCAGATGAATGCGGCTGTTAABGACCTGCG TGAGTGAATGGGAGGGTCGOGGGTE

Ist exon

Fig. 7. Predicted c-Jun binding sites in the promoter region of
PTTGI. It was performed with an online tool™ MAPPER (http://
mapper.chip.org/). There are two most possible binding sites of c-
Jun in the promoter of PTTG1. The transcript start site is marked
with “+1” and the number of these two Predicted c-Jun binding
sites are relative to The transcript start site.

In our experiments, knockdown of PTTG1 sensitized HeLa
cells to the UV-induced apoptosis, and overexpression of
PTTG1 decreased UV-dependent apoptosis. These results
showed that the PTTG1 gene protected HeLa cells against UV
damage-mediated apoptosis. Kho and colleagues showed that
cells depleted of PTTG1 were more sensitive to 5-FU(5-
fluoro-2,4(1H,3H)pyrimidinedione)-induced apoptosis(Kho et
al., 2004). As both UV irradiation and 5-FU can cause DNA
damage, therefore our results, in conjunction with Kho’s data
showed that the PTTG1 gene protected cells against DNA
damage-mediated apoptosis. Therefore, PTTG1 had an important
anti-apoptotic role in DNA damage-induced apoptosis.

UV-induced apoptosis is a beneficial event that allows the
host to eliminate cells containing DNA damage and thwart the
accumulation of genetic mutations. As we described previously,
PTTGI is an anti-apoptotic gene in UV-induced apoptosis. So
we wondered about the effect on PTTGI1 expression of
exposure to UV irradiation? Our further experiments showed
that UV irradiation decreased PTTG1 protein and mRNA
expression, which allows cells to undergo apoptosis when the
DNA damage is too serious to repair. By eliminating cells
with unrepairable DNA damage, the host may avoid accumulating
mutations caused by UV irradiation and the ensuing development
of cancers, especially skin cancer. Therefore, after exposure to
UV irradiation, signaling mechanisms must downregulate the
expression of PTTG1 to induce apoptosis.

Cells respond to UV irradiation exposure with strictly
regulated inter- and intracellular signaling mechanisms.
Mitogen-activated protein kinases (MAPK) play crucial roles
in this response. In humans, at least 3 MAPK family proteins
are involved in the UV-irradiation response: extracellular
signal-regulated kinase (ERK), p38, and JNK. JNK activates
N-terminus of the transcription factor c-Jun and other Jun-

family proteins through phosphorylation (Derijard et al.,
1994; Kyriakis et al., 1994; Whitmarsh and Davis, 1996). In
our experiment, decreased PTTG1 mRNA and protein
expression on UV irradiation was mediated by the JNK
pathway. Although the exact mechanism of the regulation of
PTTGI1 by the JNK pathway was still unclear, the results
implied that on exposure to UV irradiation, JNK was activated
to phosphorylate c-Jun and other Jun-family proteins, then the
latter regulated PTTG1 expression through affecting its
transcription (Fig. 7).

In conclusion, we reported that PTTG1 had an important
anti-apoptotic role in UV-induced apoptosis and this role was
mediated by JNK pathway. These results may provide
important information for understanding the exact role and the
potential mechanism of PTTG1 in UV-induced apoptosis.
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