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Parkin induces G2/M cell cycle arrest

in TNF-a-treated HelLa cells.

ABSTRACT

Parkin is known to be a tumor suppressor protein. It was
reported that Parkin was mutated or its expression reduced in a
variety of cancer cells and reintroduction of Parkin into cancer
cells suppressed cancer cell growth. There are several reports
proposed the mechanism of Parkin acting as a tumor suppressor,
nevertheless, it still remains to be fully elucidated. Malignant
tumors usually possesses resistance toward tumor necrosis factor-
alpha (TNF-a). Previously, our laboratory determined that parkin
expression restores susceptibility to TNF-o-induced death of
HelLa cells, a human cervical cancer cell line resistant to TNF-a.-
induced cell death. However, tumor suppressors often act in a
multiple mechanisms. In this study, | investigated the role of
Parkin in growth of cancer cells. | found that Parkin expression
inhibits cell division cycle 2 (CDC2) activity via phosphorylation

of CDC2 at Tyr15, thereby inducing G2/M cell cycle arrest. This

Vil



seems to be due to the Parkin induced phosphorylation of cell
division cycle 25C (CDC25C) and increased Mytl protein level
both of which are associated with the CDC2 phosphorylation.
Furthermore, Parkin expression resulted in the dephosphorylation
of histone H3 which may hinder the chromatin condensation that
is essential for cell division. These results suggest that Parkin acts
as a tumor suppressor not only by inducing apoptotic cancer cell
death but also by regulating cell cycle progression via novel

molecular mechanism | proposed.

Key Words: Parkin, TNF-a, G2/M arrest, Cell cycle, Tumor

suppressor
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I. INTRODUCTION

The Parkin gene (PARK2) was first described in Parkinson’s disease
as a hereditary cause of familiar parkinsonism . The gene is located on
chromosome 6q25.2-6g27 which is involved in a common fragile site 2
Many reports described the lack of Parkin expression or mutations in Parkin.
Loss of heterozygosity (LOH) on chromosome 626 was reported in
hepatocellular carcinoma, ovarian, breast, lung, and squamous cell lung
cancers *°, and alternative transcripts of parkin gene were found in a variety
of cancers including ovarian, brain, liver, colorectal, cervical, pancreas,
kidney, and breast cancer due to deletion or duplication of the gene % ®%°.
Moreover, hypermethylation of the parkin promoter region resulted in
diminished expression of parkin in acute lymphoblastic leukemia, chronic
myeloid leukemia, and colorectal cancers " . It was reported that parkin
over-expression resulted in growth inhibition in hepatocarcinoma,
glioblastoma, lung cancer, breast cancer, and colon cancer % 2. These
reports attracted interest in the role of Parkin as a putative tumor suppressor

and several studies began to suggest the role of Parkin in cancers. In the

breast cancer cell line MCF7, parkin stabilized microtubules, increased



sensitivity to anti-cancer agents, and induced growth arrest . In a
glioblastoma cell line, parkin ubiquitinates cyclin E resulting in cyclin E
degradation and subsequent cell cycle arrest °. Mutation in both the parkin
gene and adenomatous polyposis coli (APC) gene accelerates development of
colorectal carcinoma ’. Collectively, these reports highlight the idea that
parkin acts as a tumor suppressor. However, the mechanism by which Parkin
act as a tumor suppressor still remains to be fully elucidated.

Cell cycle is a complex process that is regulated by a variety of
molecules. Cell division cycle 2 (CDC?2) is one of these molecules involved
in the regulation of G2/M cell cycle transition. In eukaryotic cells, entry into
mitosis is regulated by activation of CDC2 kinase, a process controlled at
several steps including cyclin binding and phosphorylation of CDC2 *3. The
critical regulatory step in activating CDC2 during progression into mitosis
appears to be dephosphorylation of CDC2 at Tyrl5 and Thri4 .
Phosphorylation of CDC2 at Thrl4 and Tyrl5 can be carried out by Mytl
protein kinase *°. Cell division cycle 25C (CDC25C) is a protein phosphatase
responsible for dephosphorylation and activation of CDC2 kinase, a crucial

step in regulating the entry of all eukaryotic cells into mitosis °. When

phosphorylated at Ser216, CDC25C binds to members of the 14-3-3 family



of proteins, sequestering CDC25C in the cytoplasm and preventing premature
mitosis *'.

The nucleosome, made up of four core histone proteins (H2A, H2B,
H3 and H4), is the primary building block of chromatin . The amino-
terminal tails of core histones undergo various post-translational
modifications, including acetylation phosphorylation, methylation and
ubiquitination ** %. Phosphorylation at Ser10, Ser28 and Thr11 of histone H3
is tightly correlated with chromosome condensation and the phosphorylation
is required for cell cycle progression * 22,

In this study, | investigated the molecules involved in Parkin induced
G2/M phase cell cycle arrest in TNF-o-treated HelLa cells. | report that
Parkin induces phosphorylation of CDC2 and its upstream molecule

CDC25C, and it increases protein level of Mytl. Furthermore, Parkin

expression resultes in dephosphorylation of Histone H3.



Il. MATERIALS AND METHODS

1. Materials

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine serum
(FBS), penicillin-streptomycin, trypsin-EDTA, and trypan blue stain solution
were obtained from Gibco BRL (Grand Island, NY, USA). Recombinant
adenoviral vector including parkin gene (Parkin virus) was produced as
previously described by Kim et al *®. Recombinant human TNF-o was
purchased from R&D System (Minneapolis, MN, USA). Propidium iodide
was purchased from BD biosciences (San Jose, CA, USA). Trizol reagent,
random hexamer, and Moloney Murine Leukemia Virus Reverse
Transcriptase (MMLV-RT) were purchased from Invitrogen (Grand Island,
NY, USA). Dimethyl sulfoxide (DMSO) and RNase A were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Antibodies specific for phospho-
CDC2(Tyrl15), phospho-CDC25C(Ser216), Mytl,  phospho-Histone
H3(Ser10), Cyclin A2, Cyclin B1, p21 and p53 were purchased from cell
signaling technology (Danvers, MA, USA). Antibodies specific for parkin
and B-actin were purchased from Santa Cruz biotechnology (Santa Cruz, CA,

USA).



2. Cell culture
HeLa (Human cervical adenocarcinoma cells, ATCC) was grown in
DMEM supplemented with 10% FBS and streptomycin-penicillin. Cells were

maintained at 37 C in humidified atmosphere with 5% CO,.

3. Parkin gene expression

HeLa cells (2 x 10°) were seeded into each well of a 6-well plate and
24 h later infected with different concentrations of Parkin virus and Mock
virus in serum-free DMEM. After an additional 90 min 10% FBS-DMEM
was added to each well. In Parkin virus dose-dependent experiments, cells
were infected with Parkin virus at different multiplicity of infection (M.O.1.;
0, 25, 50, 100, 200). To compensate for the effect of the viral vector Mock
virus was added with the Parkin virus to maintain equal concentration of 200

M.O.1. A non-infected group was added as a negative control.

4. Trypan blue exclusion assay

For counting viable cells, cultured medium was removed and cells



were incubated with Trypsin-EDTA (200ul per well) for 2 min. and then, 1.8
ml DMEM with 10% FBS was added. 10 ul of 0.4% trypan blue stain
solution was mixed with 10 ul of cell suspension. Non-stained cells (viable)
were counted from this mixture using hematocytometer (Marienfeld,

German).

5. Cell cycle analysis by flow cytometry

HeLa cells seeded into 6-well plate at 2 x 10° cells /well were cultured
in 10% FBS DMEM. After 24 h, cells were infected with Parkin virus or
Mock virus for 24 h. Then, cells were treated with TNF-a (5 ng/ml). Next,
trypsinized cells were fixed with 70% ethanol in PBS and incubated for 2 h at
4°C. The fixed cells were stained with a solution containing 0.1 mg/ml RNase
A and 5 mg/ml propidium iodide in PBS. After incubation for 40 min at 37 °C,

the cell suspension was analyzed using FACS Calibur (BD biosciences,

USA).

6. RT-PCR (Reverse transcriptase - polymerase chain reaction)

Total RNA was extracted from cultured cells using Trizol reagent



(Invitrogen, New York, USA) according to the manufacturer’s instructions.
cDNA was synthesized by reverse transcription with 2 ug total RNA, 0.25 ug
of random hexamer (Invitrogen, New York, USA) and 200 U of Moloney
Murine Leukemia Virus-Reverse Transcriptase (MMLV-RT; Invitrogen,

New York, USA) for 50 min at 37°C and 15 min at 70°C. Subsequent PCR

amplification using 0.2 U of Taqg polymerase (Genetbio, Nonsan, Chungnam,
Korea) was performed in a thermocycler using specific primers. The
sequences of the PCR primers are listed in Table 1. PCR products were
electrophoresed on 1.5% agarose gels, stained for 10 min with ethidium
bromide and destained for 20 min. Product size were determined by
comparing to a 100 bp DNA ladder marker (Bioprince, Georgia, USA). Gel

images were taken using Gel Doc (Bio-Rad, Hercules, CA, USA).



Table 1. Summary of PCR primers used for analyses of mRNA expression

. Sequences(>-3') Product Annealing
Primers Cycles
Forward Reverse length (bp) temperature (°C)
ps3 ATTTGATGCTGTCCCCGGACGATATTGAAC ACCCTTTTTGGACTTCAGGTGGCTGGAGTG 998 69 30
p2l GTG AGC GAT GGA ACTTCG ACTT GGC GTTTGG AGT GGT AGA AATC 330 5 26
CyclinB1 TGGGTCGGCCTCTACCTTTGCACTTC CGATGTGGCATACTTGTTCTTGACAGTCA 332 60 30
CDC25C TTT ATG TCA TTG ATT GTC GC AAG AAG TCT CTG TAG CCG CC 286 55 35
Mytl AAGCTGGGTGACTTCGGACT ACAGAACGCAGCTCGGAAGA 263 62 30
CDC2 GGT TCC TAG TAC TGC AAT TCG TTT GCC AGA AAT TCG TTT GG 709 62 26
GAPDH CGGGAAGCTTGTCATCAATGG GGCAGTGATGGCATGGACTG 349 55 22




7. Western blot analysis

Cells were washed with PBS and then lysed at 4 C with a lysis buffer
containing 1% Triton X-100, protease inhibitor cocktail (Sigma, St. Louis,
MO, USA), phosphatase inhibitor cocktail (Roche, Mannheim, Germany) and
PBS. The lysate was centrifuged at 14000 rpm for 5 min at 4C. The
supernatant was collected and proteins were quantified with using Lowry
Protein assay (Bio-rad, USA). Then, it was mixed with sample buffer. Protein
samples (15 ug per lane, but 50 ug per lane in caspases analysis) were
separated by SDS-polyacrylamide gel electrophoresis (10%, 12%) and
transferred to nitrocellulose membrane (Pall, Mexico). The membrane was
blocked with 5% (W/V) skim milk (BD biosciences, USA) for 30 min.
Blocked membrane was incubated with primary antibody for overnight at 4C.
Each immunoblot was then incubated with appropriate horseradish
peroxidase-labeled secondary antibody (anti-mouse, anti-rabbit). The
immune-labeled proteins were visualized using ECL kit (Thermo, USA) and
X-ray film (AGPA, Belgium). B-actin-antibody was used as an internal

control.



1. RESULTS

Expression of parkin in TNF-a-stimulated HeLa cells induces G2/M
phase cell cycle arrest.

HeLa cells are resistant to TNF-a-induced cell death 2%, However, it
was previously reported that parkin expression in HeLa cells sensitizes them
to TNF-o-induced cell death by stimulating apoptotic signaling cascade %. In
this study, | investigated if parkin has an effect on cell growth as well as cell
death. First, | reconfirmed whether Parkin expression repressed the cell
viability in TNF-a-treated Hela cells. HeLa cells were infected with either
the Parkin virus or Mock virus (200 M.O.1.) for 24 h and then treated with
TNF-a (5 ng/ml) for an additional 24 h. A non-infected group was added as a
control (Con). The number of viable cells were counted by trypan blue
exclusion assay. The results showed that the number of viable cell
dramatically decreased to 54.3% which was similar to a previous report %
(Figure 1). Next, to investigate if Parkin has an effect on cell cycle, HeLa
cells were infected with varying doses of the Parkin virus (0, 25, 50, 100, 200
M.O.1.) and then treated with TNF-o (5 ng/ml) for 24 h. The cells were

harvested and stained with propidium iodide and then cell cycle status was

10



analyzed by flow cytometry. Percentage of cells in each phase of the cell
cycle was analyzed with CellQuestPro software and graphically presented.
The resulted cell cycle status showed that there was a dramatic increase in
G2/M phase of the cell cycle to 42.9% in Parkin virus infected HeLa cells
with 5 ng/ml TNF-a treatment (Figure 2A, 2B). To reconfirm whether
increase in G2/M phase was dependent on Parkin expression and TNF-a dose,
HeLa cells were infected with either the Parkin virus or Mock virus (200
M.O.1.) for 24 h and then treated with indicated concentration of TNF-a (O,
0.5, 1, 2, 5, 10 ng/ml) for an additional 24 h. When TNF-o was administered,
in Parkin virus infected HelLa cells there was an increase in G2/M phase and
a decrease in GO/G1 phase peak. In contrast, HeLa cells infected with Mock
virus and treated with 5 ng/ml of TNF-a showed no increase in G2/M phase
of the cell cycle (Figure 3A, 3B). Furthermore, GO/G1 phase was decreased
and G2/M phase was increased in a TNF-a dose dependent manner (Figure
3A, 3B).

To investigate the time period that Parkin+TNF-a induces the G2/M
phase increase the most, | conducted a time course experiment. HeLa cells
were infected with the Parkin virus for 24 h and then treated with TNF-a for

various times. In Parkin virus infected HelLa cells, G2/M phase remained

11



highly increased after 16 h of TNF-o treatment (Figure 4A, 4B). These
results demonstrate that parkin expression in TNF-oa-treated Hela cells

results in the G2/M phase cell cycle arrest.
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Figure 1. Parkin expression results in decreased cell viability in TNF-a-
induced HeL a cell death.

HeLa cells were infected with either Parkin virus or Mock virus (200 M.O.1.)
for 24 h followed by treatment of TNF-a (5 ng/ml) for 24 h. A non-infected
group was added as a control (Con). Viable cells were counted by trypan blue
exclusion assay (3 independent experiments). Number of viable cells in non-
infected control group was set as 100%.
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Figure 2. Parkin expression induces G2/M cell cycle arrest in TNF-a-
treated HelL a cells in a parkin dose dependent manner.

HeLa cells were infected with indicated concentrations (0, 25, 50, 100, 200
M.O.1.) of Parkin virus for 24 h and then treated with TNF-o (5 ng/ml) for 24
h. To compensate for the effect of the viral vector, appropriate concentration
of the Mock virus was added to maintain equivalent numbers of virus
particles to 200 M.O.1. per well. A non-infected group was added as a control
(Con). (A) Cells were harvested and stained with propidium iodide and cell
cycle analyzed by flow cytometry. (B) Percentage of cells in each phase of
the cell cycle was analyzed with CellQuestPro software and graphically

presented.
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Figure 3. Parkin expression induces G2/M cell cycle arrest in HeLa cells
in a TNF-a dose dependent manner.

HeLa cells were infected with either Parkin virus or Mock virus (200 M.O.1.)
for 24 h and then treated with indicated concentrations of TNF-
a (0,0.5,1,2,5, 10 ng/ml) for 24 h. (A) Cells were harvested and stained
with propidium iodide and cell cycle analyzed by flow cytometry. (B)
Percentage of cells in each phase of the cell cycle was analyzed with

CellQuestPro software and graphically presented.

15



(A) TNF-a treatment (hour)

0 8 16 24
8, MO0.013 " MO8 MO 1621 MO 2408
Mock —"—H_|
200 M.OLL & '
Parkin g _'_H_|
200 M.Oll. &
W m o mw W G0 a0 @ o @ W
(B)
g
Mock ) Parkin
200M.0l % 200 M.O.L
5
o
Q ® KY & ° ® N &
Time passed after TNF-alpha treatment (hr) Time passed after TNF-alpha treatment (hr)

Figure 4. Parkin expression induces G2/M cell cycle arrest in HeLa cells
in a TNF-a time dependent manner.

HelLa cells were infected with either Parkin virus or Mock virus (200 M.O.1.
each) for 24 h and then treated with TNF-a (5 ng/ml) for each indicated time
period. (A) Cells were harvested and stained with propidium iodide and cell
cycle analyzed by flow cytometry. (B) Percentage of cells in each phase of
the cell cycle was analyzed with CellQuestPro software and graphically

presented.
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Screening for molecules associated with G2/M phase cell cycle arrest in
TNF-a-treated HeL a cells.

There are many molecules involved in the G2/M phase cell cycle
regulation. | conducted an experiment to identify the molecules associated
with parkin induced G2/M phase cell cycle arrest in TNF-a-treated HelLa
cells. First, HeLa cells were infected with varying doses of the Parkin virus
(0, 25, 50, 100, 200 M.O.1.) and then treated with TNF-a (5 ng/ml) for 24 h.
MRNA was extracted and cDNA was made. | performed PCR for the cell
cycle molecules, p53, p21, Cyclin B1, CDC25C, CDC2 and Mytl. However,
there were no significant changes in the mRNA levels between the Parkin

and Mock group (Figure 5).
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Figure 5. Parkin expression did not change mRNA expression of various
molecules associated with G2/M in TNF-a-treated HelLa cells.

HeLa cells were infected with indicated concentrations (0, 25, 50, 100, 200
M.O.1.) of Parkin virus for 24 h and then treated with TNF-o (5 ng/ml) for 24
h. To compensate for the effect of the viral vector, appropriate concentration
of the Mock virus was added to maintain equivalent numbers of virus
particles to 200 M.O.1. per well. A non-infected group was added as a control
(Con). PCR analysis of cDNA was performed using specific primers for each
molecule. The PCR products were resolved on a 1.5% agarose gel. GAPDH

was used as an internal control.
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Parkin inhibits CDC2 by phosphorylation.

Although the mRNA expression of the cell cycle molecules was
unchanged, they still need to be examined by its phosphorylation level and
protein level because these cell cycle molecules are activated or inactivated
by upstream kinases or phosphatases. Therefore 1 investigated the
phosphorylation status and protein level of these molecules by western blot.

The entry of eukaryotic cells into mitosis is regulated by CDC2
kinase activation . Several conditions are required for activation of CDC2
and dephosphorylation at Tyr15 is one of those critical steps for CDC2 kinase
activation '*. On the basis of these reports, | investigated whether parkin
expression influences CDC2 phosphorylation at Tyrl5. HelLa cells were
infected with indicated concentration of either the Parkin virus or Mock virus
(0, 12.5, 25, 50, 100, 200 M.O.1.) for 24 h and then treated with TNF-a (5
ng/ml) for an additional 24 h. The result indicated that Parkin expression
increased the level of phospho-CDC2(Tyr15) (Figure 6A). For an additional
experiment, HeLa cells were infected with indicated concentrations (0, 25, 50,
100, 200 M.O.1.) of Parkin virus for 24 h and then treated with TNF-a (5
ng/ml) for 24 h. To compensate for the effect of the viral vector, appropriate

concentration of the Mock virus was added to maintain equivalent numbers

19



of virus particles to 200 M.O.I. per well. In this experiment, phospho-CDC2
was also increased in a Parkin dose dependent manner (Figure 6B). In the
next experiment, HeLa cells were infected with either the Parkin virus or
Mock virus (200 M.O.l.) for 24 h and then treated with indicated
concentration of TNF-a (0, 0.5, 1, 2, 5, 10 ng/ml) for an additional 24 h.
CDC2 phosphorylation was increased by more than 2 ng/ml of TNF-a
treatment in Parkin virus infected group as compare to the Mock virus
infected group (Figure 6C).

| further conducted time course experiment. HeLa cells were infected
with Mock or Parkin virus for 24 h and then treated with TNF-a for various
times. In the Parkin expressed group, phosphorylation of CDC2 was increase
after 4h of TNF-o treatment in contrast to the Mock infected group (Figure
6D). These results suggest that Parkin expression in TNF-a treated Hela
cells increases the phosphorylation of CDC2 at Tyr15, thus inhibiting activity
of CDC2. Phosphorylation at Tyrl5 may be one of the reasons for cell cycle

arrest of HeLa at G2/M phase.

20



(A) Mock virus Parkin virus

Virus dose (M.O) 0 125 25 50 100 200 0 125 25 50 100 200

TNF-alpha (5 ng/ml)  + + + + + + + + + + + +

34 kDa p-CDC2(Tyr15)

45 kDa B-actin

(B) Parkin dose(M.O1) 0 25 50 100 200
TNF-alpha (5 ng/ml)  + + + + +
34 kDa p-CDC2(Tyr|5)

45 kDa B-actin

©) Mock 200 M.OLL Parkin 200 M.OL.
TNF-alpha(ng/m) 0 05 | 2 5 10 0 05 I 2 5 10
34 kDa p-CDC2(Tyr15)

45 kDa f-actin

(D) Mock 200 M.O.I. ; Parkin 200 M.O.Il.
TNF-alpha(Sng/ml) +  + + + + o+ o+ L+ 4+ 4+ o+
Time (hour) 0 4 8 12 16 20 24 é 0 4 8 12 16 20 24

34 kDa p-CDC2(Tyr I 5)

45 kDa B-actin

Figure 6. Parkin expression induces phosphorylation of CDC2 in TNF-a-
treated HelLa cells. (A) HeLa cells were infected with indicated
concentration of mock or parkin virus (0, 12.5, 25, 50, 100, 200 M.O.1.) for
24 h and then treated with TNF-a (5 ng/ml) for 24 h. (B) HeLa cells were
infected with indicated concentrations (0, 25, 50, 100, 200 M.O.1.) of Parkin
virus for 24 h and then treated with TNF-oo (5 ng/ml) for 24 h. To
compensate for the effect of the viral vector, appropriate concentration of the

Mock virus was added to maintain equivalent numbers of virus particles to

21



200 M.O.1. per well. (C) HelLa cells were infected with mock or parkin virus
(200 M.O.1.) for 24 h and then treated with indicated concentration of TNF-o
(0,0.5,1, 2,5, 10 ng/ml) for 24 h. (D) HeLa cells were infected with mock or
parkin virus (200 M.O.1.) for 24 h and then treated with TNF-a (5 ng/ml) for
indicated time period. Cell lysates were separated on SDS-polyacrylamide
gel and transferred to nitrocellulose membranes. Phospho-CDC2(Tyr15) was
detected by Western blotting using a specific antibody. Level of B-actin was

used as an internal control.
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Parkin induces phosphorylation of CDC25C.

CDC25C is a protein phosphatase responsible for dephosphorylating
and activating CDC2, a crucial step in regulating the entry of all eukaryotic
cells into mitosis *°. Phosphorylation at Ser216 leads CDC25C to bind to
members of the 14-3-3 family of proteins exporting CDC25C to the

cytoplasm and destruction " %,

Therefore, CDC25C inhibition by
phosphorylation at Ser216 results in increase of inactivated phospho-CDC2
(Tyr15). | investigated the level of phospho-CDC25C (Ser216) and found
that CDC25C was phosphorylated by parkin expression (Figure 7A). In
addition, phoshpo-CDC25C (Ser216) was increased when more than 2 ng/ml

of TNF-a was administered (Figure 7B).
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(A) Parkin dose(M.Ol) 0 25 50 100 200
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(B) Mock 200 M.OL.I. Parkin 200 M.OLI.
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60 kDa p-CDC25C(Ser216)

45 kDa B-actin

Figure 7. Parkin expression induces phosphorylation of CDC25C in
TNF-a-treated HeLa cells. (A) HelLa cells were infected with indicated
concentration of mock or parkin virus (0, 12.5, 25, 50, 100, 200 M.O.I.) for
24 h and then treated with TNF-a (5 ng/ml) for 24 h. (B) HeLa cells were
infected with indicated concentrations (0, 25, 50, 100, 200 M.O.1.) of Parkin
virus for 24 h and then treated with TNF-a (5 ng/ml) for 24 h. To
compensate for the effect of the viral vector, appropriate concentration of the
Mock virus was added to maintain equivalent numbers of virus particles to
200 M.O.I. per well. A non-infected group was added as a control (Con). (C)
HeLa cells were infected with mock or parkin virus (200 M.O.1.) for 24 h and
then treated with indicated concentration of TNF-a. (0, 0.5, 1, 2, 5, 10 ng/ml)
for 24 h. (D) HeLa cells were infected with mock or parkin virus (200 M.O.I.)
for 24 h and then treated with TNF-o (5 ng/ml) for indicated time period.
Cell lysates were separated on SDS-polyacrylamide gel and transferred to
nitrocellulose membranes. Phospho-CDC25C(Ser216) was detected by
Western blotting using a specific antibody. Level of B-actin was used as an

internal control.



Parkin induces increase in protein level of Myt1.

Mytl is a kinase responsible for inhibition of CDC2 activity by
phosphorylating on Tyr15 %’ | investigated whether Myt1 is involved in the
inhibition of CDC2 in TNF-a-treated HelLa cells expressing Parkin. The
results showed that protein level of Mytl was increased in a Parkin dose
dependent manner (Figure 8A) but not influenced by TNF-o treatment
(Figure 8B). These results suggest that Parkin induced inhibition of CDC2

was associated with increase of Mytl protein level.
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(A) Parkindose(M.Ol) 0 25 50 100 200

TNF-alpha (5 ng/ml)  + + + + +

m 45 kDa [3-actin

(B) Mock 200 MO Parkin 200 M.O.
TNFalpha(ng/m) 0 05 | 2 5 0 05 I 2 5 10

60 kDa Mytl

Figure 8. Parkin expression increases Mytl at protein level in TNF-a-
treated HeL a cells.

(A) HeLa cells were infected with indicated concentrations (0, 25, 50, 100,
200 M.O.1.) of Parkin virus for 24 h and then treated with TNF-a. (5 ng/ml)
for 24 h. To compensate for the effect of the viral vector, appropriate
concentration of the Mock virus was added to maintain equivalent numbers
of virus particles to 200 M.O.1. per well. (B) HeLa cells were infected with
mock or parkin virus (200 M.O.1.) for 24 h and then treated with indicated
concentration of TNF-a. (0, 0.5, 1, 2, 5, 10 ng/ml) for 24 h. Cell lysates were
separated on SDS-polyacrylamide gel and transferred to nitrocellulose
membranes. Mytl was detected by Western blotting using a specific antibody.

Level of B-actin was used as an internal control.
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Parkin induces accumulation of Cyclin B1 and Cyclin A2

Cyclin B1 is degraded by the ubiquitin pathway in the exit from
mitosis *®. Therefore, when cells are arrested in G2 phase, Cyclin Bl
accumulation is observed ?°. In the experiment | performed, | have found that
protein level of Cyclin B1 was increased both in a Parkin dose dependent
(Figure 9A and 9B) and TNF-a dose dependent manner (Figure 9C). In
addition, Cyclin A2 degradation is required for the metaphase-to-anaphase
transition *°. On this basis of the report, | also investigated the protein level of
Cyclin A2. The protein level of Cyclin A2 was also increased both in a
Parkin dose dependent (Figure 10A, 10B) and TNF-o dose dependent
manner (Figure 10C). Based on these results, | presume that Cyclin A2 and
Cyclin B1 is accumulated by inhibited mitotic progression and reconfirmed

the G2/M cell cycle arrest induced by Parkin expression.
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(A) Mock virus Parkin virus

Virusdose (M.OL) 0 125 25 50 100 200 0 125 25 50 100 200

TNF-alpha (5 ng/ml)  + + + + + + + + + + + +

58 kDa Cyclin BI

45 kDa p-actin

(B) Parkin dose(M.O) 0 25 50 100 200
TNF-alpha (5 ng/ml)  + + + + +

S 45 | Da [3-actin

(C) Mock 200 M.OLI. Parkin 200 M.O.l.
TNF-alpha(ng/ml) 0 05 | 2 5 10 0 05 | 2 5 10
58 kDa Cyclin BI

45 kDa [3-actin

Figure 9. Parkin induces accumulation of Cyclin B1 in TNF-a-treated
HelLa cells. (A) HeLa cells were infected with indicated concentration of
mock or parkin virus (0, 12.5, 25, 50, 100, 200 M.O.1.) for 24 h and then
treated with TNF-a (5 ng/ml) for 24 h. (B) HeLa cells were infected with
indicated concentrations (0, 25, 50, 100, 200 M.O.1.) of Parkin virus for 24 h
and then treated with TNF-a (5 ng/ml) for 24 h. To compensate for the effect
of the viral vector, appropriate concentration of the Mock virus was added to
maintain equivalent numbers of virus particles to 200 M.O.I. per well. (C)
HeLa cells were infected with mock or parkin virus (200 M.O.1.) for 24 h and
then treated with indicated concentration of TNF-a. (0, 0.5, 1, 2, 5, 10 ng/ml)
for 24 h. Cell lysates were separated on SDS-polyacrylamide gel and
transferred to nitrocellulose membranes. Cyclin B1 was detected by Western
blotting using a specific antibody. Level of B-actin was used as an internal

control.



(A) Mock virus Parkin virus

Virus dose (M.Ol) 0 125 25 50 100 200 0 125 25 50 100 200

TNF-alpha (5 ng/ml)  + + + + + + + + + £ + +

55 kDa Cyclin A2

45 kDa [3-actin

(B) Parkin dose(M.Ol) 0 25 50 100 200
TNF-alpha (5 ng/ml)  + + + + +
55 kDa Cyclin A2

45 kDa -actin

(C) Mock 200 M.O.I. Parkin 200 M.O.I.
TNF-alpha(ng/ml) 0 05 | 2 5 10 0 05 | 2 5 10
55 kDa Cyclin A2

45 kDa [3-actin

Figure 10. Parkin induces accumulation of Cyclin A2 in TNF-a-treated
HelLa cells. (A) HeLa cells were infected with indicated concentration of
mock or parkin virus (0, 12.5, 25, 50, 100, 200 M.O.1.) for 24 h and then
treated with TNF-a (5 ng/ml) for 24 h. (B) HeLa cells were infected with
indicated concentrations (0, 25, 50, 100, 200 M.O.1.) of Parkin virus for 24 h
and then treated with TNF-a. (5 ng/ml) for 24 h. To compensate for the effect
of the viral vector, appropriate concentration of the Mock virus was added to
maintain equivalent numbers of virus particles to 200 M.O.I. per well. (C)
HelLa cells were infected with mock or parkin virus (200 M.O.1.) for 24 h and
then treated with indicated concentration of TNF-a. (0, 0.5, 1, 2, 5, 10 ng/ml)
for 24 h. Cell lysates were separated on SDS-polyacrylamide gel and
transferred to nitrocellulose membranes. Cyclin A2 was detected by Western
blotting using a specific antibody. Level of B-actin was used as an internal

control.
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Parkin induces dephosphorylation of Histone H3.

The nucleosome, made up of four core histone proteins, is the
primary building block of chromatin *2. Phosphorylation at Ser10 of histone
H3 is tightly correlated with chromosome condensation which is essential for
chromosome segregation %. | investigated phosphorylation state of Histone
H3 at Ser10 and found that Histone H3 is dephosphorylated in a Parkin dose
dependent manner (Figure 11A) and in a TNF-a dose dependent manner
(Figure 11B). In the time course experiment, phospho-Histone H3 (Serl10)
was also decreased in Parkin expressed group and it was decreased more after
8 h of TNF-a treatment (Figure 11C). These results suggest that Parkin is
involved in the dephosphorylation of Histone H3 and the dephosphorylation
of Histone H3 is possibly associated with the arrest of the cell cycle before

the cell division.
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(A) Parkin dose(M.OlL) 0 25 50 100 200

TNF-alpha (5 ng/ml)  + + + + +
17 kDa p-histone H3(Ser 10)

S ———— 45 |Da (-actin

(B) Mock 200 M.O.I. Parkin 200 M.O.Il.
TNF-alpha(ng/ml) 0 05 | 2 5 10 0 05 | 2 5 10
17 kDa p-histone H3(Ser 10)
45 kDa 3-actin
© Mock 200 M.O.l. Parkin 200 M.O.

TNF-alpha (Sng/ml)  + + + + + + + E + + + + + + +

Time (hour) 0 4 8 12 16 20 24% 0 4 8 12 16 20 24

17 kDa p-histone H3(Ser 10)

45 kDa p-actin

Figure 11. Parkin expression reduces phosphorylation of Histone H3 in
TNF-a-treated Hel a cells.

(A) HelLa cells were infected with indicated concentrations (0, 25, 50, 100,
200 M.O.1.) of Parkin virus for 24 h and then treated with TNF-a (5 ng/ml)
for 24 h. To compensate for the effect of the viral vector, appropriate
concentration of the Mock virus was added to maintain equivalent numbers
of virus particles to 200 M.O.I. per well. (B) HeLa cells were infected with
mock or parkin virus (200 M.O.1.) for 24 h and then treated with indicated
concentration of TNF-a (0, 0.5, 1, 2, 5, 10 ng/ml) for 24 h. (C) HelLa cells
were infected with mock or parkin virus (200 M.O.1.) for 24 h and then
treated with TNF-a (5 ng/ml) for indicated time period. Cell lysates were
separated on SDS-polyacrylamide gel and transferred to nitrocellulose
membranes. Phospho-Histone H3(Ser10) was detected by Western blotting

using a specific antibody. Level of B-actin was used as an internal control.
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Parkin does not affect the protein level of CDC25C and histone H3

In the western blot results, | found Parkin increased phospho-
CDC25C and decreased phospho-histone H3. However, | wondered if these
changes in phospho-forms are actually by regulation of phosphorylation or by
regulation of protein level. Therefore, | investigated the protein level of
CDC25C and histone H3 after Parkin expression. The results showed that
protein level of CDC25C and histone H3 was not associated with Parkin

expression level (Figure 12).
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TNF-alpha  + + + + +

Parkin dose(M.Ol) 0 25 50 100 200

Figure 12. Parkin expression does not affect the protein level of CDC25C
and histone H3 in TNF-a-treated HelLa cells.

(A) HelLa cells were infected with indicated concentrations (0, 25, 50, 100,
200 M.O.1.) of Parkin virus for 24 h and then treated with TNF-a (5 ng/ml)
for 24 h. To compensate for the effect of the viral vector, appropriate
concentration of the Mock virus was added to maintain equivalent numbers
of virus particles to 200 M.O.I. per well. Cell lysates were separated on SDS-
polyacrylamide gel and transferred to nitrocellulose membranes. CDC25C
and histone H3 was detected by Western blotting using a specific antibody.

Level of B-actin was used as an internal control.
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Figure 13. Schematic diagram showing putative points of Parkin

involvement in G2/M arrest of TNF-a-treated Hel a cells.
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IV.DISCUSSION

Parkin gene (PARK2) was first identified as a gene implicated in
familial parkinsonism *. Currently, many reports suggest that Parkin performs
a tumor suppressive role. Lack or mutation of Parkin expression was found in
a variety of cancers 2°, and reintroduction of Parkin suppressed the cancer
cell viability . However, the mechanism by which parkin act as a tumor
suppressor is yet to be fully uncovered. In the previous study, Parkin
expression restored TNF-a-induced apoptotic cell death in HeLa cells which
is naturally resistant to TNF-o-induced cell death . In this study, I
investigated the role of Parkin in cancer cell growth. | found that (1) Parkin
expression arrested the cancer cells in G2/M phase of the cell cycle, (2) the
G2/M arrest was due to the phosphorylation mediated inactivation of CDC2,
(3) the CDC2 regulating molecules CDC25C and Mytl was phosphorylated
and increased respectively by Parkin expression, and (4) histone H3 was
dephosphorylated by Parkin expression in TNF-a-treated HelLa cells.

Cell cycle is the series of events that take place in a cell leading to its
division and duplication, and it is a complicated process which is regulated

by a variety of molecules. The cell cycle consists of four distinct phases that
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are G1, S, G2 and M phase. Activation of each phase is dependent on the
proper progression and completion of the previous one. Cell cycle is tightly
regulated because there are several processes crucial to the survival of a cell.
For example, genetic damage should be detected and repaired before cell
division, and uncontrolled cell division must be prevented. Cell cycle check
points are used by the cell to monitor and regulate the progress of the cell
cycle 3% Cell cycle progression is prevented at specific point until the
processes necessary for each phase is achieved and DNA damage is properly
repaired. There are two main checkpoints exist: the G1/S checkpoint and the
G2/M checkpoint.

CDC2 is an important molecule involved in the regulation of G2/M

13

check point. CDC2 kinase activation is a Kkey process and

dephosphorylation at Tyr15 is the critical regulatory step in activating CDC2

during progression into mitosis

. | investigated the phosphorylation of
CDC2 after | found the G2/M arrest. Phospho-CDC2 was increased both in a
TNF-a and Parkin dose dependent manner. Therefore | could understand that
Parkin expression inactivated CDC2 by increasing phosphorylation there by

inducing G2/M cell cycle arrest. In addition, our result suggested that the

cause of the CDC2 phosphorylation was increase of Mytl protein kinase and
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phosphorylation of CDC25C phosphatase by Parkin expression.
Phosphorylation at Thrl4 and Tyrl5 resulting in inhibition of CDC2 can be
carried out by Mytl protein kinase *°, and CDC25C, a protein phosphatase
activating CDC2, binds to 14-3-3 protein and excluded from nucleus when
phosphorylated at Ser216 *'.

In the result, Parkin induced dephosphorylation of histone H3.
Histone H3 is one of four core histone proteins consisting of the nucleosome
which is structural component of chromatin 2. Phosphorylation at Ser10 of
histone H3 is tightly correlated with chromosome condensation and the
phosphorylation is required for cell cycle progression % ?. Therefore it is
suspected that Parkin induced dephoshporylation of histone H3 may hinders
the condensation of chromatin thereby preventing the cell division. However,
it is difficult to affirm before | examine the direct or indirect evidence of
suppressed chromatin condensation. Moreover, the upstream molecules
involved in the histone H3 phosphorylation by Parkin should be determined.
There are still more things to be determined. For example, Parkin expression
seems to indirectly increase phosphorylation of CDC25C and protein level of
Mytl.  The upstream molecules associated with phosphorylation of

CDC25C and increase of Mytl should be determined and the molecules that
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Parkin directly interact with is yet to be discovered.

p53, a potent tumor suppressor, plays a central role in tumor
prevention. As a transcription factor, in response to stress, p53 transcribes its
target genes to start various cellular responses, including cell-cycle arrest and
apoptosis to prevent tumor formation %> *. The association between Parkin
and p53 was reported in several reports. Parkin was reported to
transcriptionally repress p53 in neuroblastoma SH-SY5Y cells *. On the
contrary, another report suggested that Parkin does not repress p53
expression but p53 regulates Parkin expression in H460 or HCT116 cells *.
These reports suggest that Parkin potentially suppress tumor growth by
regulating p53. In this study I could not find the Parkin induced changes in
p53. Probably, this is because p53 is suppressed in human cervical cancer
HeLa . However, it seems necessary to investigate the association between
Parkin and p53 in suppression of cancer cell growth in other type of cancer
cells.

Further studies seems to be required to fully elucidate mechanism by
which Parkin plays a role in suppressing cancer cell growth and it would also
be interesting to determine if the other cell cycle molecules are also regulated

by Parkin. In addition, cell cycle arrest is closely associated with apoptosis,
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because prolonged cell cycle arrest leads cells to apoptosis. Therefore, it
needs to be investigated wether Parkin induced cell cycle arrest of Hela is

followed by apoptosis or they are separated mechanism.
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