Am J Cancer Res 2015;5(1):155-167
www.ajcr.us /ISSN:2156-6976/ajcr0003091

Original Article

Poly(ADP-ribose) glycohydrolase silencing
down-regulates TCTP and Cofilin-1 associated
with metastasis in benzo(a)pyrene carcinogenesis

Haiyan Huang?*, Xuan Li**, Gonghua Hu?*, Xiyi Li3, Zhixiong Zhuang?, Jianjun Liu, Desheng Wu?, Linging
Yang?, Xinyun Xu?, Xinfeng Huang?, Jianging Zhang?, Wen-xu Hong?, Jianhui Yuan?, Wei Gao?, Yinpin Liu*

1Key Laboratory of Modern Toxicology of Shenzhen, Shenzhen Center for Disease Control and Prevention, Guang-
dong, China; ?Department of Preventive Medicine, Gannan Medical College, Jiangxi, China; 3School of Public
Health, Guangxi Medical University, Guangxi, China. "Equal contributors.

Received October 11, 2014; Accepted November 28, 2014; Epub December 15, 2014; Published January 1, 2015

Abstract: Benzo(a)pyrene (BaP) is a ubiquitously distributed environmental pollutant. BaP is a known carcinogen
and can induce malignant transformation of rodent and human cells. Many evidences suggest that inhibitor of
poly(ADP-ribose) glycohydrolase (PARG) is potent anticancer drug candidate. However, the effect of PARG on BaP
carcinogenesis remains unclear. We explored this question in a PARG-deficient human bronchial epithelial cell line
(shPARG cells) treated with various concentration of BaP for 15 weeks. Soft agar assay was used to examine BaP-
induced cell malignancy of human bronchial epithelial cells and shPARG cells. Mechanistic investigations were used
by 2D-DIGE and mass spectrometry. Western blot analysis and Double immunofluorescence detection were used to
confirm some of the results obtained from DIGE experiments. We found that PARG silencing could dramatically in-
hibit BaP-induced cell malignancy of human bronchial epithelial cells in soft agar assay. Altered levels of expression
induced by BaP were observed within shPARG cells for numerous proteins, including proteins required for cell mobil-
ity, stress response, DNA repair and cell proliferation pathways. Among these proteins, TCTP and Cofilin-1 involved
in malignancy, were validated by western blot analysis and immunofluorescence assay. PARG inhibition contributed
to down-regulation of TCTP and Cofilin-1. This is the first experimental demonstration of a link between PARG silenc-
ing and reduced cell migration after BaP exposure. We propose that PARG silencing might down-regulate TCTP and
Cofilin-1 associated with metastasis in BaP carcinogenesis.

Keywords: poly(ADP-ribosyl)ation, poly(ADP-ribose) glycohydrolase, benzo(a)pyrene, DNA damage, human bron-
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Introduction glycosidase and exoglycosidase activities,

which is responsible for the hydrolysis of free
Poly(ADP-ribosyl)ation is a post-translational (non-protein-bound) or protein-bound linear or
protein modification catalyzed by poly(ADP- branched poly-ADP-ribose (PAR) [6]. The local

ribose) polymerases (PARPs) and involved in
various cellular processes such as chromatin
structure remodeling, DNA repair, regulation of
gene expression, and integration of cellular sig-
naling pathways [1-3]. Poly(ADP-ribose) (PAR) is
heterogenic molecule synthesized from NAD by
PARPs. Following DNA damage, activated PA-
RPs catalyzes the elongation and branching of

accumulation of PAR acts as a loading platform
for the recruitment of chromatin remodeling
and DNA repair factor. The dynamics of the sys-
tem is derived from both the contribution of
PAR-synthesizing PARPs and PAR catabolism by
PARG [7]. The interplay between PARP and
PARG is responsible for the transient and

PAR attached to target proteins implicated in dynamic nature of the PAR. PARG is recruited to
many important cellular processes [4]. PAR DNA damage sites after ionizing irradiation.
accumulation is transient, which is rapidly PARG could be a novel potential therapeutic tar-
degraded to ADP-ribose by poly(ADP-ribose) gly- get for cancer chemotherapy [8, 9]. Functional

cohydrolase (PARG) [5]. PARG has both endo- inhibition of PARG leads to sensitization of
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tumor cells to some chemo- and radiation ther-
apies [10]. PARG inhibition in combination with
alkylating agents enhances either apoptosis or
necrotic cell death through a defect in DSB
repair and S-phase arrest [11]. Taken together,
these data underscore PARG plays a role of
mediator in a wide spectrum of biological
processes.

Benzo(a)pyrene (BaP), one of the most widely
studied PAHSs, is a well-known carcinogen with
cytotoxicity and/or genotoxicity to lung, stom-
ach and skin tissue [12]. Previously investiga-
tions have shown that necrosis induced by BaP
involved PARP activation, NAD and ATP deple-
tion [13, 14]. Although the study reflects that
poly(ADP-ribosyl)ation play an important role in
the cytotoxicity and/or genotoxicity induced by
BaP, it still remains unclear the role of PARG in
BaP carcinogenesis.

Thus, the aim of the current study was to inves-
tigate the effect of PARG in BaP carcinogene-
sis. For this purpose, we used a PARG-deficient
human bronchial epithelial cell line as an in
vitro model and examined the effect of PARG in
BaP-induced cell malignancy, then make fur-
ther investigation on the possible molecular
mechanisms of PARG silencing in BaP carcino-
genesis by 2D-DIGE and mass spectrometry.
We showed that the altered levels of proteins
induced by BaP were observed in PARG-
deficient cells involved in cell mobility, stress
response, DNA repair and cell proliferation
pathways. Our major finding is that PARG silenc-
ing down-regulated expression of TCTP and
Cofilin-1 and up-regulated UCHL1 expression in
BaP-induced cell transformation. These data
shed new light on molecular mechanisms of
PARG silencing in BaP carcinogenesis.

Material and methods
Cell culture and treatments

PARG-deficient human bronchial epithelial cells
(shPARG cells) were previously established by
our work [14]. Normal human bronchial epithe-
lial cells (16HBE cells) and shPARG Cells were
cultured in minimum essential Eagle’s medium
(MEM) containing 10% fetal bovine serum
(FBS). Penicillin (100 U/ml) and streptomycin
(100 pg/ml) were added to the culture media.
The cultured cells grew to 80% confluence were
treated with BaP (BaP was dissolved in DMSO,
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and the final concentration of DMSO in the cul-
ture was 0.1%). Cells were washed twice with
PBS before cell lysis. All media and supple-
ments used for cell cultures were obtained
from Gibco®.

Soft agar assay

The 16HBE cells and shPARG cells were treated
with BaP in concentrations of 0, 10, 20, 40
pmol/I for 15 weeks. Cells were released from
adherent cultures using trypsin, washed with
PBS. Soft agar assay was performed as: 2.5 ml
of 0.5% agar in basal modified Eagle’s medium
(BMEM) supplemented with 10% FBS was lay-
ered onto each well of 6-well plates. Appro-
ximately 1.0 x 10* cells were mixed with 1 ml of
0.5% agar BMEM supplemented with 10% FBS
layered on top of the 0.5% agar layer. The plates
were incubated at 37°C in 5% CO, for more
than 2 weeks until visible colonies were formed
and then the colonies were photographed and
counted.

Sample preparation for DIGE

Cells from different treatment groups were
washed once in PBS and collected by scraping
into lysis buffer (8 M urea, 4% (w/v) CHAPS, 40
mM Tris base) containing DNase/RNase and
protease inhibitors (Roche), and subjected to
three rapid (2 min) cycles of freezing in liquid
nitrogen/defrosting at 30°C with vigorous vor-
texing. Samples were centrifuged at 13,000 g
for 30 min at 4°C and then precipitated with
the 2D-Clean up Kit (GE Healthcare), resus-
pended in 50 uL of sample buffer (8 M urea, 2%
(w/v) CHAPS) and the concentration was deter-
mined using Protein assay kit (BioRad). Protein
extracts were aliquoted into single-use sample
and stored at -80°C until analysis.

DIGE analysis

Each fifty-microgram sample was labelled with
400 pmol of N-hydroxysuccinimidyl-ester deri-
vate of cyanine dyes Cy2, Cy3, and Cy5 accord-
ing to the manufacturer’s instructions for mini-
mal labelling dyes (GE Healthcare) with the
following modifications. Protein samples were
labeled with the appropriate CyDye (Cy2, Cy3,
or Cyb) according to the DIGE minimal labeling
protocol (GE Life Sciences, Sweden). An inter-
nal standard, which comprised a mixture of
equal amounts of two cell lines, was labelled
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with Cy2. Samples were applied to 240 mm
Immobiline Drystrips IPG pH 3-11 (GE
Healthcare). The IEF was run on an Ettan
IPGphor Il (GE Healthcare) with an active rehy-
dration at 50 V (20°C) for 16 h, followed by a
three-step ramping focusing conditions for a
total of 56,000 Vh at 20°C and a maximum cur-
rent setting of 50 mA per strip. Following IEF,
IPG strips were incubated in equilibration buf-
fer (6 M urea; 30% (w/v) glycerol; 2% SDS; 50
mM Tris/HCI, pH 8.0) first with 0.5% dithiothrei-
tol and then with 2% iodoacetamide each for
15 min. The strips were loaded onto 10% SDS-
PAGE gels (Ettan Dalt Six gel system, GE
Healthcare; 1 W/gel for 2 h and 3 W/gel for
12-16 h). Images were acquired with the multi-
fluorescent point laser scanner Typhoon 9410
(GE Healthcare) and analyzed by the image
analysis software (DeCyder™ software, GE
Healthcare). The Differential In-Gel Analysis
(DIA) module was used to detect and quantify
the protein spots on the individual gels and the
Biological Variation Analysis (BVA) module was
used to match the gels relative to an internal
standard (Cy2 labeled) and to statistically ana-
lyze differences in normalized protein spot
abundance between the gels. ANOVA was used
to assess differences between matched spots
among gels and t-test was subsequently used
to analyze and compare individual pairs of
matched protein spots. Spots displaying a
p-value < 0.05 when compared between treat-
ment groups were regarded as statistically sig-
nificant. Following fluorescence scanning, DIGE
gels were also stained with colloidal Coomassie
CBB G-250 to allow the visual detection of dif-
ferential abundances of spots. Protein spots
that showed differential abundance in 16HBE
cells and shPARG cells were selected for mass
spectrometry.

Identification of proteins by MALDI-TOF/TOF-
MS/MS analysis

Bands excised from the gels were rinsed with
de-ionized water, and then 100 pL of 25 mM
ammonium bicarbonate in 10% acetonitrile
was added. Proteins in the gel were reduced by
adding 3 pL of 45 mM DTT and incubating for
30 min at 37°C. Alkylation was accomplished
by adding 3 pL of 100 mM idoacetamide and
incubating the mixture in the dark for 20 min.
Then 100 uL of 25 mM ammonium bicarbonate
in 10% acetonitrile and 0.1% octyl pB-
D-glycopyranoside was added. Finally, the sam-
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ples were incubated at 37°C for 20-24 h with 5
puL of 0.1 mg/ml trypsin. MALDI analysis was
performed on the ABI 4700 proteomics analyz-
er (Applied Biosystems, Framingham, MA).
Peptide masses measured by MALDI-TOF/TOF-
MS/MS were submitted to Peptldent for search-
ing against the SwissProt database. Results
were evaluated and prioritized based on se-
quence coverage and matching of the theory to
the measured molecular mass and pl.

Gene Ontology (GO) biological process annota-
tions for abnormally expressed proteins were
assigned according to those reported in the
UniProt Database and confirmed using the
Panther Classification System (http://www.
pantherdb.org/panther/globalSearch.jsp?).

Cell lysates and western blot analysis

Cells from different treatment groups were
washed once in PBS and collected by scraping
into 200 L ice-cold lysis buffer containing
62.5 mM Tris-HCI (pH 6.8), 2% SDS, 10% glyc-
erol, 50 mM dithiothreitol (DTT), 1 mM PMSF, 1
mM NaF, 1 mM Na3VO4, and protease inhibi-
tors. Protein (20 pg/lane) was loaded onto poly-
acrylamide gels. Proteins were separated by
electrophoresis and then transferred onto
nitrocellulose membranes. For immunoblot-
ting, membranes were blocked with 5% nonfat
dried milk in Trisbuffered saline (TBS) for 90
min, incubated overnight at 4°C with primary
antibodies: a mouse monoclonal anti-pADPr
10H (1:400, abcam, Cambridge, UK); a rabbit
polyclonal anti-PARG(0-23) (1:1000, Santa
Cruz Biotechnology); a mouse monoclonal anti-
TCTP antibody (ab58362, Abcam, USA), a rab-
bit polyclonal anti-Cofilin antibody (ab42824,
Abcam, USA), a mouse monoclonal 1gG1 anti-
GAPDH (6C5, sc-32233, Santa Cruz Biotech-
nology). Then followed by secondary antibodies
at 1:4000 dilution: goat anti-mouse IgG-HRP
(sc-2005, Santa Cruz Biotechnology), goat anti-
rabbit 18G-HRP (sc-203l, Santa Cruz Biotech-
nology). Blots were incubated in Supersignal®
West Dura Extended Duration Substrate (The-
rmo scientific) and detected with ECL™ western
blotting detection system (ImageQuant™ RT,
GE Healthcare).

Double immunofiluorescence detection

Cells grown on glass coverslips washed with
PBS and fixed 15 min with 4% formaldehyde at
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Figure 1. Silencing of poly(ADP-ribose) glycohydrolase (PARG) by shRNA in 16HBE cells. 16HBE cells were trans-
fected with shRNA oligos for PARG as previously reported [14]. A: Western blotting analysis of shRNAc (lane 1) and
shPARG (lane 2) cell lysates probed with antibodies against PARG and GAPDH. B: Densitometric quantification of
PARG protein bands from A. C: The 16HBE cells and shPARG cells were treated with 40 umol/L BaP for 20 min, then
analyzed for levels of PAR by immunoblot from 0.5-4 h. Equal protein loading per lane was verified by immunoblot-
ting detection of GAPDH. D: Densitometric quantification of PAR levels from C. *indicates a significant difference (P
< 0.05) between 16HBE and shPARG cells. Error bars represent the SEM. All experiments were repeated at least 3

times with similar results.

room temperature. Incubated cells in the mix-
ture of two primary antibodies: a mouse mono-
clonal anti-TCTP antibody (ab58362, Abcam,
USA) and a rabbit polyclonal anti-Cofilin anti-
body (@ab42824, Abcam, USA) in 1% BSA in
PBST in a humidified chamber for 1 hr at room
temperature. After washing, cells were incubat-
ed with the mixture of two secondary antibod-
ies which are raised in different species (Texas
Red-conjugated against rabbit and FITC-
conjugated against mouse) for 90 min at room
temperature. After washing three times with
PBS, 0.1% Tween (v:v), DNA was counterstained
with Dapi. Pictures were taken with Confocal
Laser Scanning Microscopy (Leica Tcs spb,
Leica Microsystems).

Statistical analysis

Statistical analyses were performed using
SPSS 17.0 software. A one-way ANOVA test was
used to compare differences between matched
spots among gels, and unpaired Student’s
t-test was used for single comparison. A value
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of P < 0.05 was regarded as statistically signi-
ficant.

Results

Silencing of PARG leads to increase and pro-
long levels of PAR after BaP treatment

PAR is transient and rapidly degraded to ADP-
ribose by PARG. In order to detect the role of
poly(ADP-ribosyl)ation, the shPARG cell line as
previously reported [14] was used. Then, we
investigated level of PARG expression in the
shPARG cells and demonstrated that PARG
silencing decreased PARG levels approximately
80% (Figure 1A, 1B).

Analysis of PAR levels after BaP treatment in
normal cells demonstrated peak levels of PAR
at 0.5 h, with a decrease in PAR levels from 2-4
h thereafter (Figure 1C). In the shPARG cells,
however, a high level of PAR was observed in
untreated cells. At all the time points (0.5-4 h),
PAR levels were significantly elevated in shPARG
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cells as compared to the normal cells (Figure
1D).

These results suggested that there is signifi-
cant down-regulation of PARG in the shPARG
cell and PARG knockdown poses a hurdle to
PAR degradation. This allowed us to highlight
the role of PARG in BaP carcinogenesis.

PARG silencing inhibits cell malignancy in-
duced by BaP

To investigate the effect of PARG, we treated
cells with various concentrations BaP for 15
weeks. To determine the malignant potential of
cells in vitro, cells were assessed for colony
forming efficiency in soft agar, a measure of
anchorage independent growth that is charac-
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BaP-15W

u 16HBE cell
1 shPARG cell

'|' Figure 2. Colony formation in soft
e agar of BaP induced cells. (A)
Representative images of colo-
nies of cells in soft agar. (B) The
number of colonies was counted
under microscopy in soft agar
and the results were presented
as colonies per 10,000 cells
from three independent experi-
ments. The asterisk (*) indicates
a significant different in the
16HBE cell treated with different
concentration of BaP compared
with the shPARG cell (P < 0.05).

40

teristic of transformed cells. As shown in Figure
2, PARG silencing significantly inhibited BaP-
induced anchorage-independent colony forma-
tion in a dose-dependent manner in 16HBE
cells.

Abnormally expressed proteins of silencing
PARG in BaP-induced cell transformation

One of the main goals of this study was to
reveal the role of poly(ADP-ribosyl)ation in BaP
carcinogenesis and investigate its mechanism
in carcinogenic process. We focused our atten-
tion on the biological effect of long-term expo-
sure of BaP. Therefore, we treated the shPARG
cells and 16HBE cells with BaP (40 umol/I) for
15 weeks and investigated changes in proteins
expression of two different cell lines induced by
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Figure 3. DIGE analysis of cells after treated with BaP (PH = 3-11, NL, 240 mm). Overlay of Cy3 and Cy5 derived from
a single gel, highlighting differentially expressed protein spots. Information about the proteins corresponding to the
spot numbers is listed in Table 1.

BaP. To comparatively analyze the 2D-DIGE, a
total of 4 large format 2DE gels were obtained.
In the image analysis, 45 protein spots showed
significant differences when comparing the
shPARG cells with 16HBE cells after BaP treat-
ment (Figure 3). With MALDI-TOF-MS/MS analy-
sis, 41 (91.1%) out of the 45 differentially regu-
lated protein spots were successfully identified
with high confidence after searching databases
(Table 1). Down-regulated proteins identified in
the shPARG cells induced by BaP were found to
be mainly involved in cell proliferation and
migration, DNA replication, tumor protein, and
cytoskeleton protein (Table 2). Conversely, pro-
teins involved in antioxidant and deubiquitina-
tion were up-regulated in the shPARG cells
induced by BaP (Table 3). Protein (Ubiquitin
carboxyl-terminal hydrolase isozyme L1) was
identified in different localization on 2D-Gel,
indicating potentially diverse protein forms,
thus suggesting the occurrence of post-transla-
tional modification in the shPARG cells.
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Expression of TCTP and Cofilin-1 are confirmed
by western blot

To confirm some of the results obtained from
DIGE experiments, Translationally-controlled
tumor protein (TCTP) and Cofilin-1 were select-
ed for verification of protein-expression chang-
es between the shPARG cells and 16HBE cells
treated with various concentrations of BaP for
15 weeks. GAPDH was used as internal control.
We confirmed that BaP-induced increase in
abundance of TCTP and Cofilin-1 in 16HBE cells
which were unchanged in the shPARG cells
(Figure 4). These data corroborated the results
from our proteomic analysis.

Up-regulation and co-localization of TCTP and
Cofilin-1 are required for BaP-induced cell
transformation

Immunocytochemistry was further performed
to determine whether TCTP effects on the
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Table 1. Forty-one protein spots were identified by MALDI-TOF-MS/MS

. . Mascot . Protein I-
No. Accession No. Protein name Score Peptides’ MW st)lue
1 P13639 Elongation factor 2 383 10 96246 6.4
2 P21980 Protein-glutamine gamma-glutamyltransferase 2 593 19 78420
3 Q12931 Heat shock protein 75 kDa, mitochondrial 540 21 80345
4 P41250 Glycyl-tRNA synthetase 186 5 83854 6.7
5 No identification
6 P31040 Succinate dehydrogenase (ubiquinone) flavoprotein subunit, mitochondrial 78 5 73672 73
7 Q92945 Far upstream element-binding protein 2 93 10 73355 7
8 P02768 Serum albumin 112 9 71317 5.9
9 P02768 Serum albumin 58 2 71317 5.9
10 P08107 Heat shock 70 kDa protein 1A/1B 49 6 70294 5.4
11 P02768 Serum albumin 118 9 71317 5.9
12 P13797 Plastin-3 274 8 71279 5.3
13 P02768 Serum albumin 106 11 71317 5.9
14 P11142 Heat shock cognate 71 kDa protein 386 15 71082 5.2
15 P10809 60 kDa heat shock protein, mitochondrial 432 15 61187 5.6
16 P47895 Aldehyde dehydrogenase family 1 member A3 191 13 56871 7.7
17 P31943 Heterogeneous nuclear ribonucleoprotein H 88 10 49484 5.9
18 P04264 Keratin, type Il cytoskeletal 1 123 9 66170 8.8
19 P25705 ATP synthase subunit alpha, mitochondrial 129 4 59828 9.6
20  No identification
21 Q04695 Keratin, type | cytoskeletal 17 559 20 48361 4.8
22 P0O6733 Alpha-enolase 323 19 47481 7.7
23 P0O5787 Keratin, type Il cytoskeletal 8 145 13 53671 5.4
24 075874 Isocitrate dehydrogenase [NADP] cytoplasmic 367 27 46915 6.6
25 P30740 Leukocyte elastase inhibitor 642 21 42829 5.9
26 P0O4264 Keratin, type Il cytoskeletal 1 195 6 66170 8.8
27 QouJz1 Stomatin-like protein 2, mitochondrial 349 19 38624 7.7
28 PO4264 Keratin, type Il cytoskeletal 1 140 6 66170 8.8
29 P0O9651 Heterogeneous nuclear ribonucleoprotein A1 206 26 38837 9.6
30 P62937 Peptidyl-prolyl cis-trans isomerase A 340 36 18229 9
31 P09211 Glutathione S-transferase P 314 23 23569 53
32 Q9HB71 Calcyclin-binding protein 235 21 26308 9
33 PO7737 Profilin-1 438 43 15216 9.4
34 P13693 Translationally-controlled tumor protein 280 37 21626 5.2
35 Q06323 Proteasome activator complex subunit 1 234 14 28876 5.7
36 P08729 Keratin, type Il cytoskeletal 7 151 14 51430 5.3
37 P50395 Rab GDP dissociation inhibitor beta 53 8 51087 6.1
38 No identification
39 Q04695 Keratin, type | cytoskeletal 17 78 14 48361 4.8
40 Q99439 Calponin-2 67 13 34074 7.7
41 P09936 Ubiquitin carboxyl-terminal hydrolase isozyme L1 80 17 25151 5.2
42 P09936 Ubiquitin carboxyl-terminal hydrolase isozyme L1 106 25 25151 5.2
43 P23528 Cofilin-1 74 16 18719 9.1
44 P49411 Elongation factor Tu, mitochondrial 91 13 49852 79
45  No identification

‘Number of unique peptides according to proteins were identified by mass spectrometry.

expression of Cofilin-1 after BaP treatment. As
assessed by immunocytochemical analysis
(Figure 5), BaP treatment caused up-regulation
of TCTP and Cofilin-1 in 16HBE cells. According
to photos, we found that TCTP and cofilin-1 co-
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localized in cytoplasm and exhibited strong sig-
nal with low background. However, there was
no significant difference of TCTP and Cofilin-1
expression in BaP-treated shPARG cells com-
pared with the untreated control. Overall, these
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Table 2. Down-regulated proteins of the shPARG cells in
study

carcinogenesis

duced by BaP identified in the proteomic

No» Accession Protein identify Mascot Protein pl- Ratio%/Prob° Ratio®/Probe Peptides'
No. score MW  Value pcysB-C! PTvsBTe

Protein biosynthesis®

1 P13639 Elongation factor 2 383 96246 6.4 NDe -1.67/0.036 10

Protein chaperones and stress proteing

3 Q12931 Heat shock protein 75 kDa, mitochondrial 540 80345 9 ND ¢ -1.72/0.030 21

10 P08107 Heat shock 70 kDa protein 1A/1B 49 70294 54 ND & -1.30/0.041 6

14 P11142 Heat shock cognate 71 kDa protein 386 71082 5.2 ND ¢ -2.49/0.009 15

RNA processing and protein binding®

29 P09651 Heterogeneous nuclear ribonucleoprotein A1 206 38837 9.6 -1.13/0.043  -1.27/0.002 26

Cell proliferation and tumor proteiné

32 Q9HB71 Calcyclin-binding protein 235 26308 9.0 NDe -1.24/0.026 21

33 P13693 Translationally-controlled tumor protein 280 21626 5.2 ND# -1.32/0.038 37

Cell migration and DNA replicationg

16 P47895  Aldehyde dehydrogenase family 1 member A3 191 56871 7.7 ND# -1.64/0.028 13

27 QouJZ1 Stomatin-like protein 2, mitochondrial 349 38624 7.7 -1.16/0.029  -1.26/0.001 19

Calcium binding proteins®

12 P13797 Plastin-3 274 71279 5.3 NDg -1.93/0.008 8

Cytoskeleton proteiné

33 PO7737 Profilin-1 438 15216 9.4 -1.17/0.012  -1.38/0.009 43

43 P09936 Cofilin-1 74 18719 9.1 NDe -1.49/0.001 16

2Spot No.- The numbers correspond to the specific spots as indicated in Figure 3. "Average ratios of spot abundance of control or BaP-treated samples relative to the cell
line, represent data from three separate experiments. °Student’s t test p-value are given as a measure of confidence for the ratio of each spot measured. “P-C, the control
group of shPARG cells; B-C, the control group of 16HBE cells. °P-T, the BaP-treated group of shPARG cells; B-T, the BaP-treated group of 16HBE cells. ‘Number of unique

peptides according to proteins were identified by mass spectrometry. éFunctional categories according to Gene ontology and panther biological process annotations.

Table 3. Up-regulated proteins of the shPARG cells induced by BaP identified in the proteomic study

Nos: Accession Protein identify Mascot Protein pl-  Ratio%/Prob® Ratio®/Prob® Peptides’
No. score MW Value pcysB-C! P-TvsBTe

Protein chaperones and stress proteiné

15 P10809 Heat shock protein 60, mitochondrial 432 61187 5.6 NDeg 1.29/0.048 15

Antioxidant/detoxificationé

24 075874 Cytosolic NADP-isocitrate dehydrogenase 367 46915 6.6 NDeg 2.28/0.002 27

Protein biosynthesis/folding®

30 P62937 Peptidyl-prolyl cis-trans isomerase A 340 18229 9 1.42/0.002 1.61/0.004 36

44 P49411 Elongation factor Tu, mitochondrial 91 49852 79 NDeg 1.33/0.003 13

Protein deubiquitination#

41 P09936 Ubiquitin carboxyl-terminal hydrolase isozyme L1 80 25151 5.2 NDeg 1.23/0.028 17

42 P09936 Ubiquitin carboxyl-terminal hydrolase isozyme L1 106 25151 5.2 NDeg 1.26/0.019 25

2Spot No.- The numbers correspond to the specific spots as indicated in Figure 3. "Average ratios of spot abundance of control or BaP-treated samples relative to the cell
line, represent data from three separate experiments. °Student’s t test p-value are given as a measure of confidence for the ratio of each spot measured. “P-C, the control
group of shPARG cells; B-C, the control group of 16HBE cells. *P-T, the BaP-treated group of shPARG cells; B-T, the BaP-treated group of 16HBE cells. ‘Number of unique

peptides according to proteins were identified by mass spectrometry. éFunctional categories according to Gene ontology and panther biological process annotations.

data demonstrate that up-regulation and co-
localization of TCTP and Cofilin-1 play a key role
in BaP-induced cell transformation.

Discussion

Carcinogenesis is multistage and may involve
not only gene mutations but also abnormal
dynamics of chromosomal organization, possi-
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bly also caused by non-genotoxic factors.
Research on poly(ADP-ribosyl)ation has pro-
gressed rapidly, the recent study reveals that
poly(ADP-ribosyl)ation is dynamic and impor-
tant for the regulation of critical cell functions,
including mechanisms suppressing carcinogen-
esis [15-17]. Possible applications in the thera-
py and prevention of cancer are also discussed
[18, 19].
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Figure 4. Validation of proteomic data. Expression of TCTP and cofilin-1 in two different cell lines treated with 0, 10,
20, 40 uM BaP for 15 weeks. GAPDH was used as a loading control. 16HBE - 16HBE cells, shPARG - shPARG cells.

BaP belongs to the polycyclic aromatic hydro-
carbon (PAH) family of environmental carcino-
gens that are present in cigarette smoke, auto-
mobile exhaust and barbecued food. BaP is
tumorigenic in laboratory animals and a sus-
pected human carcinogen [20-22]. In the pres-
ent study, we found that 16HBE cells have a
greatly increased proliferation rate, and form
colonies in soft agar after BaP exposure.
However, PARG silencing significantly inhibited
BaP-induced colony formation. Previously
investigations had shown that PARP-1 played
an important role in early repair of DNA damage
caused by BaP [13]. This conclusion was fur-
ther supported by our observation of PARG
silencing reduced BaP-induced genetic toxicity.

To reveal the possible molecular mechanisms
of PARG in BaP carcinogenesis, a comparative
proteomic approach was carried out between
normal and PARG silencing human bronchial
epithelial cells in response to long-term BaP
stimulation. In our study, soluble proteomes of
cells were separated with a high-resolution
2D-DIGE, with a mean number of 1129 + 72
spots. A total of 41 differentially expressed pro-
tein spots were identified between normal and
PARG-deficient cells induced by BaP. Most are
involved cell mobility, stress response, DNA
repair and cell proliferation pathways.
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Among these proteins, we focused on TCTP
because of its involvement in malignancy. In
our study, BaP treatment caused protein TCTP
up-regulation in 16HBE cells, but it was found
in relatively low level in PARG-deficient cells.
TCTP is a highly conserved multifunctional pro-
tein [23], which has been implicated in many
cellular processes, such as cell growth, cell
cycle progression, apoptosis, malignant trans-
formation, and the regulation of pluripotency.
Overexpression of TCTP was detected in many
types of tumors [24]. TCTP was initially identi-
fied as a growth-related protein on the basis of
its translationally dependent regulation of
expression in mouse ascetic tumor and eryth-
roleukemic cells [25, 26].

In this study, we also found that TCTP and cyto-
skeleton proteins in the normal cells were up-
regulated in a dose-dependent manner. They
are consistent with recent findings identifying
TCTP reveals homology to the actin-binding
region of Cofilin and TCTP interacts with actin
cytoskeleton in cancer cells [27, 28]. Cofilin is
implicated in chemotaxis [29, 30] and cell
growth [31] and is believed to promote tumor
metastatis by enhancing actin dynamics at the
leading cell edge [32]. We showed in the cur-
rent paper that TCTP and Cofilin-1 down-regu-
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Figure 5. Expressions of TCTP and Cofilin-1 analyze by confocal imaging. BaP-induced TCTP and Cofilin-1 up-regula-
tion in 16HBE cells were detected by immunocytochemistry. H-C, 16HBE cell treated with O uM BaP for 15 weeks;
H-T, 16HBE cell treated with 40 uM BaP for 15 weeks; G-C, shPARG cell treated with O uM BaP for 15 weeks; G-T,
shPARG cell treated with 40 uM BaP for 15 weeks. Scale bar: 20 ym.

lated synchronously in the PARG-deficient cell.
Our data suggest that TCTP may involve in BaP
carcinogenesis and PARG silencing may reduce
cell migration to prevent tumor metastases.

Our proteomic analysis revealed that expres-
sion of Ubiquitin C-terminal hydrolase L1
(UCHL1) protein in PARG-deficient cell was sig-
nificantly higher than the normal 16HBE cells
after BaP exposure. UCHL1 was first identified
as a deubiquitinating enzyme that hydrolyses
the peptide bond at the C terminus of ubiquitin
[33]. Protein ubiquitination plays a critical role
in various biological processes including cell
proliferation, cell cycle, apoptosis, signal trans-
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duction, while its deregulation contributes to
tumor initiation and progression [34, 35].
UCHL1 is a dual-regulator of the ubiquitin pro-
teasome pathway, controls intracellular protein
stability by transferring ubiquitin directly to pro-
tein substrates and releasing ubiquitin from
tandemly conjugated ubiquitin monomers [36,
37]. It is a tumor-suppressor gene and may
inactivate by promoter methylation or gene
deletion in several types of human cancers
[38]. Here, PARG silencing up-regulate UCHL1
expression, which perhaps result in regulation
of the ubiquitin pathway, inducing apoptosis
and maintaining genomic stability. These data
also provide a new evidence that poly(ADP-ribo-
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Figure 6. Role of PARG silencing and the possible molecular mechanism in BaP carcinogenesis.

syl)ation may has a close interaction with
ubiquitination.

In summary, this study provides the first evi-
dence that: (i) PARG silencing reduced cell
migration after BaP exposure, (ii) PARG silenc-
ing down-regulated TCTP and Cofilin-1 to pre-
vent tumor metastases, (iii) poly(ADP-ribosyl)
ation has a close interaction with ubiquitina-
tion. Based on the results of the present study
we propose PARG silencing might down-regu-
late TCTP and Cofilin-1 associated with metas-
tasis in BaP carcinogenesis, which is depicted
in Figure 6.

Further analysis of TCTP interactions both with
UCHL1 and PARG should give us more insights
into the role of PARG in the regulation of BaP
carcinogenesis. This is the first experimental
demonstration of a link between PARG silenc-
ing and reduced cell migration after BaP expo-
sure. We propose that PARG silencing might
down-regulate TCTP and Cofilin-1 associated
with metastasis in BaP carcinogenesis.
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