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Abstract

Aims: To investigate the role and mechanism of PARG
inhibition of metastatic behavior in colonic carcinoma
cells. Methods: We examined the effects of PARG
protein knockdown by RNA interference on invasion,
migration and matrix adhesion of colon carcinoma cell
lines in vitro and using a murine in vivo model of liver
metastasis. Metastasis related genes were detected
using mMRNA and protein levels. Moreover, LY294002,
an Akt phosphorylation inhibitor, was used to
determine whether the suppression of metastatic
behavior of colon carcinoma cells was mediated by
Akt phosphorylation that was confirmed by EMSA.
Pyrrolidine dithiocarbamate (PDTC) was used as a
selective NF«x-B inhibitor to clarify the relationship
between PARG, PARP and NF-kB. Results: PARG
protein was undetectable following specific shRNA
transfection; mMRNA and protein levels of PARP were
significantly decreased. PARG-shRNA cells showed
high levels of phosphorylated Akt with decreased
expression of NF-kB (both total & nuclear), MMP2 and

MMP9 However, no additional changes were noted
following inhibition of PI3K/Akt pathway by LY294002
in the PARG-shRNA cells; these cells displayed
reduced number of liver metastases when
characterized in the murine in vivo model. Conclusion:
PARG knockdown, concomitant with inhibition of
PARP, suppressed the metastatic potency of colon
carcinoma cells by activation of PI3K/Akt signaling
pathway.

Copyright © 2012 S. Karger AG, Basel

Introduction

Poly ADP-ribosylation is an immediate cellular
response to certain types of DNA damage, generated
either endogenously or exogenously. The post-translational
modification is mainly catalyzed by poly (ADP-ribose)
polymerase-1 (PARP-1) and hydrolyzed by poly (ADP-
ribose) glycohydrolase (PARG). Numerous studies have
demonstrated that PAR has a very short half-life (~1 min).
It is promptly degraded by the 110-KDa PARG protein
that is universally expressed in mammalian cells with both
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endo-glycosidic and exo-glycosidic activity and cleaves
PAR into free ADP-ribose units [1]. PARG is the main
enzyme involved in this function and has a highly specific
activity that maintains, in concert with PARP, intracellular
PAR levels at low concentrations under homeostatic
conditions [2-6].

Many studies have clarified the biological function
of PAR and focused on the synthesis of the enzyme
PARP. It has been demonstrated that PARP inhibitors,
such as nicotinamide and 3-aminobenzamide, have
beneficial effects on ischemia-reperfusion injury as well
as in inflammation [ 7] both in vivo and in vitro. In addition,
studies by Li and colleagues have documented that PARG
inhibitors prevent cell death induced by hydrogen peroxide
toxicity [8]. Since both PARG and PARP inhibitors
decrease SAO (splanchnic artery occlusion) induced
intestinal injury [9-11], PARG inhibition may be as
effective as PARP inhibition for suppressing NAD/ATP
depletion [12].

There are some data suggesting that PARP inhibitors
could promote Akt activation during cardiac ischemia-
reperfusion [13] and activated Akt in the presence of the
PARP inhibitor could mediate the inhibition of MAP kinase,
consequently preventing the activation of NF-kB and
resulting in the consequent inhibition of inflammatory
genes expression [14, 15].

Previously, we have demonstrated that the absence
of PARP reduces the potencies of matrix adhesion,
migration and invasion of colon carcinoma cells, and
inhibits colon carcinoma liver metastasis in mice associated
with decreasing NF-xB, MMP2 and MMP9 [16, 17].
Therefore, due to the dual relevance of both PARP and
PARG in cancer progression, both the role and the
mechanism of PARG in invasion and metastasis of colon
carcinoma cells needs to be highlighted including its effect
on metastasis related genes. Hence, experiments were
performed both in vitro and in vivo, in order to determine
whether silencing PARG could inhibit the metastatic
behavior of colon carcinoma cells. These studies suggest
the prospect for future introduction of PARG inhibitors in
clinical trials.

Materials and Methods

In Vitro

Cell Culture. Human LoVo colon carcinoma cell line was
grown and cultured in a 5% CO, incubator at 37°C in RPMI
1640 medium supplemented with 10% Fetal Bovine Serum (FBS),
and, 100 U/ml of Penicillin and 100pg/ml of Streptomycin (Sigma-
Aldrich).

To demonstrate that Akt phosphorylation could down-
regulate metastatic related genes, 10pM of LY294002 (LY) which
is an inhibitor of the PI3K/Akt pathway was used to treat PARG-
shRNA transfected LoVo cells. Pyrrolidine dithiocarbamate
(PDTC) a specific and selective inhibitor of NFk-B was also
used to show correlations between NF-kB, PARP and PARG.

LoVo Cell Transfection. Transfection was accomplished
using lentiviral based short hairpin RNA (shRNA) vector
(Sigma-Aldrich-TRCN00001265) with the following PARG-
shRNA interference sequence:

CCG GGCGATCTTAGGAAACGGTAT TCT CGAGAG
TAC CGT TTC CTA AGA TCG CTT TTT G, targeting PARG
gene. For the control, non-target ShRNA control transduction
particles were used (Sigma-Aldrich). Transduction efficiency
was optimized using pLKO.1 puro-TurboGFP (Sigma-Aldrich)
as per the manufacturer’s instructions.

LoVo cells were plated in a 96-well plate at 1.6 x 10* in each
well, and cells were incubated until they reached 70%
confluence. Next, media was gently aspirated, 200 pl of fresh
RPMI-1640 was added together with 8 pg/ml Hexadimethrine
bromide per well; 2, 5, 10 and 15 pl of lentivirus particles with
TurboGFP were added, and the plate was left for incubation for
48 hours using triplicate wells. Fluorescence microscopy was
used to assess the concentration of lentivirus that resulted in
optimal transduction efficiency. It was found that the 10 pl
lentiviral particle concentration displayed the maximum green
fluorescent protein (TurboGFP) visible under microscopy (Fig.
D).

Subsequently, 10 pl of lentivirus particles of either non-
target ShRNA or PARG-shRNA were added to wells previously
containing Hexamethrine bromide and were incubated for 48
hours. Media was then removed and 200ul of fresh media
together with Puromycin to a final concentration of 8ug/ml
(Sigma-Aldrich) was added to each well. Media was replaced
with fresh media containing Puromycin every 2-3 days until
resistant colonies could be identified.

Lastly, the experimental group consisted of LoVo cells
transfected with PARG-shRNA (PARG-shRNA) while the
controls included both untransfected LoVo cells (control) and
LoVo cells transfected with non-targeting shRNA (control-
shRNA). RT-PCR and Western Blot analysis were used to
document PARG knockout in human LoVo colon carcinoma
cells.

RT-PCR. Total RNAs was extracted from control, control-
shRNA and PARG-shRNA LoVo cells with Trizol reagent
(Takara) and reverse-transcribed to cDNA respectively. Genes
were detected with a template of cDNA using the following
oligonucleotide primers: PARG, 5'-CCA CCT CGT TTG TTT
TCA-3' (sense) and 5'-CCA ACA TCT GGC AAA GGA-3'
(antisense); PARP, 5'-CTA GAC AAC CTC CTG GAC ATCG-3'
(sense) and 5'-CTC CCA GCA TTA TTA AGC CAAT-3'
(antisense); NF-kB, 5-GGG AAG GAA CGC TGT CAG AG-3'
(sense) and 5'-TAG CCT CAG GGT ACT CCA TCA-
3'(antisense); B-Actin, 5'-GTC AAG AAA GGG TGT AAC GCA
AC-3' (sense) and 5'-TCC TGT GGC ATC CAC GAA ACT-3'
(antisense). Thirty-five PCR cycles were used for the
amplification of reverse transcriptase products (94°C for 30 s,
50~58°C for 30 s, 72°C for 1 min and then 5 min for the last
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extension). PCR amplification products were separated on a
1.8% agarose gel. This experiment was performed in triplicate.

Western Blot Analysis. Cells were washed once with
phosphate buffered saline (PBS) and collected by scraping
into individual EP tubes. Proteins were extracted according to
protein extraction protocols and protein concentrations
determined using the Coomassie Blue assay (Pierce
Biothechnology). Protein extracts (20pug/lane) were loaded and
electrophoresed using 10% polyacrylamide gels (SDS-PAGE)
followed by transfer to PVDF membranes (Millipore) and
blocking with 5% non-fat dry milk for 2h. Primary antibodies
against PARG (Abcam), PARP, NF-xB, MMP2, MMP9, Akt,
Phospho-Akt Serine*’*(Santa Cruz Biotechnology) were
incubated overnight at 4°C. Secondary antibodies (peroxidase-
conjugated goat or anti-rabbit IgG) were incubated for 1h at
37°C. Blots were washed three times, exposed to
chemiluminescence reagents (Pierce Biotechnology), exposed
to photographic film (Bio-Rad) and evaluated by densitometric
analysis using Quantity One software [18]. All experiments were
performed in triplicate.

Nuclear Protein Extraction Preparation. Nuclear protein
extracts were prepared from cells grown to 90% confluence
and performed on ice with ice-cold reagents. Cells 5 x 10° were
scraped into 1ml PBS, washed twice, supernatant was discarded
and the pellet was suspended into 500 pl Hypotonic Buffer and
incubated on ice for 15 minutes. 25 pl of 10% Nonidet P,0 was
added, cells were vortexed for 10 seconds and after which,
centrifuged for 10 minutes at 3000 rpm at 4°C. The supernatant
containing the cytoplasmic fraction was discarded and the pellet
containing only the nuclear fraction was resuspended into 50pl
complete Cell Extraction Buffer for 30 minutes on ice with
occasional light vortexing. Nuclear extracts were recovered after
centrifugation for 30 minutes at 14,000 g x 4 at 4°C. Protein
concentrations were determined using Coomassie Blue assay
reagent (Pierce Biotechnology).

Electrophoretic Mobility Shift Assay (EMSA).
LightShift® Chemiluminescent EMSA Kit (Pierce
Biotechnology) was used to determine NFk-B activation as per
manufacturer’s protocol. A native polyacrylamide 4% gel was
prepared that was pre-electrophoresed at 100V for 40 min. NF-
kB was labeled with Biotin-labelled oligonucleotides (5’-AGT
TGA GGG GAC TTT CCC AGG C-3’) and each sample (20ng/
ml) was loaded onto the gel and run again at 100V until the
stain had migrated through % of the gel. Next, nuclear
extractions were transferred to nylon membranes (Sigma-
Aldrich) and DNA crosslinked to the membranes using a
commercial UV light activated cross-linker. The membrane was
treated with blocking buffer for 15 min, washed and reincubated
with conjugate/blocking buffer for 15 min. Afterwards,
membrane was washed 4 times and transferred to substrate
equilibration buffer for 5 min, and lastly to substrate working
solution for 5 min. The membrane was blotted and exposed to
X-ray film for 2 min. The experiment was repeated in triplicate.

Cell Migration and Invasion Assays. The cell migration
assay used 8.0um pore size Transwell inserts (Costar Corp) as
described formerly with some modification [10]. The under
surface of the membrane was coated with fibronectin (FN-10pg/
ml) (Sigma Chemical Co) in PBS for 2 hours at 37°C. The lower

chamber was filled with 500uL of RPMI 1640 medium with 10%
fetal bovine serum (FBS). LoVo cells were resuspended into
the migration medium (serum-free RPMI1640) and 1x10°cells in
200uL of medium were added to the upper chamber after being
washed twice with PBS. After 24 hours of incubation at 37°C,
the cells on the upper surface of the membrane were gently and
carefully scraped out using cotton tips. The migrant cells that
were adherent to the lower surface of the membrane were fixed
in 10% formalin at room temperature for 10 min, and then stained
with H&E (Hematoxylin and Eosin stain). The results of the cell
migration assay were evaluated by counting the number of
cells on the lower surface of the membrane under an inverted
microscope in five different fields at a magnification of x400.
Whereas, for the cell invasion assay, the only difference was
that the cells (1x10° in 200pL of 1640 with serum-free) were
seeded onto Geltrex™ (Invitrogen) coated to the upper chamber
according to the manufacturer’s instructions. Cells that had
crossed the Geltrex™ and passed through the pores of the filter
were counted in five fields at x400 [19]. The results are
representative of three different experiments.

Cell Adhesion Assay. LoVo cell adhesion assay was
accomplished as described by Arai et al [20]. Flat bottom culture
plates with 96 well formats were overlayed with 40ul of FN
(10pg/ml) in PBS overnight at 4°C; then blocked with 0.2%
bovine serum albumin (BSA) for 2 hours at room temperature
followed by washing twice with RPMI 1640; the cells were
resuspended in media and seeded at 4x10%cells/well (200uL) in
triplicate and incubated for 2 hours at 37°C. In order to remove
any unbounded cells, plates were washed three times with
medium. Cells remaining attached to the plates were counted
using 3-(4 5-dimethyl-2-thiazolyl)-2,5-diphenyl->H-tetrazolium
bromide (MTT) assay. 50ul per well of MTT solution (2mg/ml
diluted in PBS-Sigma Aldrich) was added, plates were incubated
for 4 hours at 37°C and finally, 150ul of dimethyl sulfoxide
(DMSO) was added after discarding the supernatant. The
absorbance (OD) was read via a universal plate reader (Bio-
Tek) at 630 nm. The percentage of adherent LoVo cells was
estimated by (OD of control group- OD of experimental group)/
OD of control group x100%. This experiment was done at least
three times per condition tested.

In Vivo

Establishment of Animal Model of Liver Metastasis of
Colon Carcinoma. 18 Balb/c female mice, 6-8 weeks old,
weighing 18-21g were supplied by the animal laboratories of
Chongqing Medical University, China and the animal
experiments were conducted and approved in accordance with
our institutional guidelines and ethics committee. CT26 (mouse
derived colonic carcinoma cell line) cells were cultured and
successfully transfected similarly to LoVo cell transfection
(materials and methods), where untransfected, control-shRNA
and PARG-shRNA groups were grown according to similar
conditions of cell culture and the cell number was adjusted to
a final concentration of 1 x 107cells/ml [17]. Mice were
anaesthesised intraperitoneally with 2% chloral hydrate (15ml/
kg) and cancer cells 5 x 10° in 0.05 ml PBS was injected under
splenic capsule of each mouse. All mice had free access to
food and water throughout the experiment. On day 14, all mice
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Fig. 1. LoVo cells transfected with TurboGFP (x400). 2 (A), 5
(B), 10 (C) and15uL (D) of lentiviral particles containing
TurboGFP were transfected into LoVo cells. After 48h of
incubation at 37°C, fluorescin was displayed in LoVo cells.

were sacrificed and the size and number of metastatic nodules
in the liver were examined upon sectioning of the liver.
Individual tumor volumes (V) were estimated as V'=ab?/2; where
a is the maximum diameter and b is the minimum diameter. The
total volume was recorded if there were more than 2 metastatic
nodules. Grossly evident liver metastatic nodules was
quantitated and graded as grade 0: no liver metastasis; grade I:
1-5 liver metastatic nodules; grade II: 6-50 liver metastatic
nodules; and grade III: more than 50 liver metastatic nodules
and mass fusion making it difficult to assess, according to
previous classification [17].

Statistical Analysis

Statistical analysis was performed by one-way ANOVA
or Student’s ¢ test using SPSS 11.5 software package. A P value
less than 0.05 (P<0.05) was set as the criterion for statistical
significance.

Results

Knockdown of PARG expression by transfection

with sShRNA lentivirus in LoVo cells

To verify the efficacy of PARG inhibition by lentiviral
shRNA, RT-PCR and western blot analysis were
performed following transfection and revealed that PARG
was almost completely absent in treated LoVo cells
(PARG-shRNA) compared with both control groups. As
expected PARG expression was not affected by an empty
vector transfection (Fig. 2a-d).
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Fig. 2. Effect of PARG knockdown by shRNA in LoVo cells.
RT-PCR (a & b) and western blot (¢ & d) analyses reveals
complete inhibition of PARG mRNA and protein expression in
PARG-shRNA transfected cells compared to untransfected and
control-shRNA cells. B-actin was used as an internal loading
control.
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Fig. 3. PARG suppression affects PARP expression. Both RT-PCR (a & b) & western blotting (¢ & d) show that PARG deficient
cells display a decreased expression of PARP mRNA and protein (P*<0.05) compared to both controls. However, no further
obvious change was noted in expression of PARP in PARG-shRNA+LY treated cells compared with PARG-shRNA LoVo cells. -
actin was used as loading control. PDTC (pyrrolidine dithiocarbamate), an NF-kB selective inhibitor, decreases PARP expression
in human LoVo cell compared to untransfected and control-shRNA cancer cells (¢ & f). PARG-shRNA transfected cells also show
a similar decrease in PARP expression (P*<0.05) compared to both controls.

PARG attenuation affects PARP expression and
pyrrolidine dithiocarbamate (PDTC) effectively
suppresses PARP expression

PARP and PARG are enzymes that modify target

suppression on PARP where interestingly, we found that
PARP expression was inhibited in PARG-shRNA
confirmed by mRNAand protein levels which was not
observed in untransfected or the control shRNA group

proteins by the addition and removal of ADP-ribose
polymers. Some researchers have reported that these two
nuclear enzymes with opposing enzymatic activities act
in a similar, rather than in an antagonistic manner to
regulate gene expression in some pathological conditions.
So, in this study, we also detected the impact of PARG

(Fig. 3a-d).Hence, in our previous experiments, we found
that 5-Amimoisoquinolin-1-one (5-AIQ) which is an
inhibitor of the catalytic activity of PARP could inhibit
the activity of the latter as well as its expression and
decrease NF-kB; therefore at that time we speculated
that NF-xB could be involved in the synthesis of PARP
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[21]. PDTC, a selective NF-kB inhibitor was used to
prove this speculation. The results showed that
untransfected LoVo cells treated with PDTC showed a
decrease in the PARP expression compared to
untransfected without PDTC and control-shRNA cells
(P*<0.05); nevertheless showing similar result to PARG-
shRNA transfected cells. Therefore, underlining the close
relationship between PARG, PARP and NF-«B (Fig. 3e,
f).Moreover, no further change of PARP expression was
noted in PARG-shRNA+LY treated cells compared with
PARG-shRNA LoVo cells (Fig. 3a-d), therefore showing
that the LY inhibitor on PARG-shRNA cells does not
affect PARP.

Silencing PARG activates PI3K/Akt pathway and

downregulates its downstream targets

Given the biological importance of the PI3K/Akt
pathway in cancer progression and metastasis, we
investigated the effect of PARG suppression on this

pathway by determining the level of Akt phosphorylation.
Western blot revealed that (Fig. 4a, b) the expression of
phospho-Akt*” in LoVo cells was much higher in the
PARG-shRNA group than in both control groups
indicating that PARG knockdown activated PI3K/Akt
signal pathway.

We then examined potential downstream targets of
the PI3K/Akt pathway in LoVo cells after PARG
knockdown. Western blot results (Fig. 4c, d) showed
reduced expression of NF-kB, MMP2 and MMP9 in
PARG-shRNA group than in both control groups. This
indicates that PARG suppression decreases the protein
levels of these metastasis related factors while similarly
to our assumption, expression of NF-kB, MMP2 and
MMP9 were unaltered by treatment with LY in PARG-
deficient LoVo cells, compared with the control groups.
This demonstrates that PARG suppression decreases NF-
kB, MMP2 and MMP9 expressions via activation of
PI3K/Akt pathway in LoVo cells (Fig. 4c, d).
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DNA in LoVo cell line. Electrophoretic mobility shift assay was
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consisting of reaction buffer only had no visible NF-kB band.
The band intensity was much higher in both untransfected+LY
and control-shRNA+LY compared with PARG-shRNA where
there was a large reduction in intensity of the band (P*<0.05)
(b). The results shown represent three independent experiments.

Effect of PARG inhibition on Binding of NF-xB

to DNA

No NF-kB band was visible in the negative control
consisting of reaction buffer while the band intensity was
much higher in both untransfected+LY and control-shRNA
+LY compared with PARG-shRNA where there was a
large reduction in NF-kB levels by western blot (P*<0.05)
(Fig. 5a, b). This confirmed our western blot result where
suppression of the PI3K/Akt pathway was associated

A =L
= <0
a B B
- o [~
p-IxBa (40kD) 1 ==
NEB (65kD) -
———
B

12 4

1 -
o'a- I
*
0 - T T

proteinfactin
o =)
B o

L !

[=]
N
1

Relative Ex pression of Phopsho-I1kB

Untransfected Control-shRNa PARG-shRNA
. 1
=
== 14
Zs
= 2
S 208 -
5o
S5
Z 8
2 206
oy =
=
_; 204 1
3 & .
¥ 002
g
5 =
2
0 T T

Untransfected Control-shRNA PARG-shRNA

Fig. 6. (a-c). Western blot analysis highlights a decrease in
expression of cytoplasmic phosphorylated IkBa. together with
a fall in the intranuclear expression of NF-kB in PARG-shRNA
cells compared to both untransfected and control-shRNA cells
(P*<0.05).

with increased NF-kxB binding to DNA complex.
Treatment with both PARG-shRNA+LY did not have any
effect on binding NF-kB compared with both controls.
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Fig. 7. PARG suppression diminishes LoVo cell invasion and
migration. Migrant (a) and invasive (b) cells transiting to the
lower side of the membrane were stained with HE are shown.
Quantitative analysis (c) represent the average (mean+SD) of
triplicate samples from independent experiments (P*<0.05
compared to controls).

Untransfected

Control-shRNA

PARG-shRNA

PARG-shRNA+LY

Cell Number'Live Fields

invasion

migration

Groups Value Inhibition ratio (%)
Untransfected 0.0781+0.0010 -

Control shRNA 0.0775+0.0010 0.7682
PARG-shRNA 0.0584+0.0012 25.22%
PARG-shRNA+LY 0.0773+0.0012 1.024

Table 1. Effect of PARG suppression on LoVo cell adhesion
to fibronectin matrix protein by MTT, (X+s, n=3). Data are
mean+SEM. *P<0.05 versus untransfected or control-shRNA
groups.

Intranuclear expression of NF-xB in PARG-

ShRNA Lovo cells

Western Blot analysis of the cytoplamic extraction
fraction showed that in different nomenclature PARG-
shRNA treated cells, expression of phosphorylated [kBo
(p-IxkBa) was decreased as well as the relative
intranuclear protein expression of NF-xB. This suggested
that in cells where PARG was silenced there was a
decrease in intracytoplasmic expression of phosphorylated

Control-shRNA

Untransfected PARG-shRNA

Fig. 8. Mouse model of liver metastasis in colon cancer. Both
untransfected and control-shRNA CT26 groups displayed more
liver metastatic nodules compared to the PARG-shRNA group
(P<0.05).

IkBa resulting in an intranuclear decrease of NF-«xB (Fig.
6a-c).

Suppression of PARG weakens in vitro migratory,
invasive and adhesive properties of human LoVo
colonic cancer cells via the PI3K/Akt pathway
We investigated whether PARG suppression could
affect the malignant biological properties of LoVo cells
in vitro, in particular migration, invasion and adhesion.
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The grading of liver metastatic

Group n tumor nodules

0 1 II 111
Untransfected mice 6 0 0 2 4
Mice transfected with empty vector: 6 0 0 3 3¢
Control-shRNA
Mice transfected with shRNA lentivirus 6 5 0 1 0%

targeting PARG: PARG-shRNA

Table 2a. Comparison of metastatic tumor nodules in the liver of mice in untransfected,
control-shRNA and PARG-shRNA groups. a. P>0.05,control-shRNA vs untransfected
b. P<0.05,PARG-shRNA vs untransfected c¢. P<0.05,PARG-shRNA vs control-shRNA.
PS: Statistical analysis is combined with Kruskal-Wallis and Nemenyi methods. Liver
metastasis nodules grading: 0 level: no naked eye metastatic nodules: I level: 1-5
metastatic nodules; II level: 6-50 metastatic nodules; III level: more than 50 metastatic
nodules or mass fusion making it difficult to count.

Group Weight/mg Volume (V)/cm3
Untransfected 1098.33+£277.93 1.17+0.46
Control-shRNA 1092.83+165.71° 1.18+0.30°
PARG-shRNA 293.33+126.12 0.26+0.13>

Table 2b. Individual tumor volumes (¥) were estimated as V=ab?2, where a is the
maximum diameter and b is the minimum diameter. a. P>0.05,control-shRNA vs
untransfected b. P<0.05,PARG-shRNA vs untransfected c¢. P<0.05,PARG-shRNA vs
control-shRNA. Statistical analysis was performed using One-way ANOVA to specify

its significance.

First, cells were cultured for 24h and those having
migrated onto the other side of the pored filters were
counted under the microscope. As shown in Fig. 7A, C,
the PARG-shRNA cells exhibited significant decrease in
cell number as compared to both untransfected and
control-shRNA cells (P*<0.05, P*<0.05). The invasive
ability of cells was evaluated using invasion chambers in
vitro where PARG deficient cells exhibited a remarkable
decrease in invasiveness in comparison to the respective
controls (Fig. 7B, C). When treated with LY, no important
change was noted compared to both controls.

Cell adhesion is a prerequisite for cell migration and
thus we next investigated whether PARG suppression
could affect cell adhesion to extracellular matrix
substrates such as fibronectin. PARG-deficient LoVo cells
showed a significantly decreased adhesion to fibronectin
compared with control groups. As expected, the PARG-
shRNA cells treated with LY has no significant change in
relation to cell adhesion (Table 1). In sum, these results
demonstrate that PARG silencing suppressed migratory,
invasive and adhesive abilities of LoVo cells likely
mediated by the activation of PI3K/Akt pathway.

In Vivo Metastasis Model Observation

On day 14 following injection of LoVo cells, the mice
were sacrificed, abdominal laparotomy was performed
and liver metastatic nodules were counted. Both controls
had grade II-III liver metastasis (Fig. 8) compared to
PARG-shRNA group (P<0.05) where 5 mice had no liver
metastatic nodules and only one had grade Il metastasis
(Fig. 8, Table 2a). Moreover, the volume (V) of tumor
mass in cm® (Fig. 8, Table 2b) was lower in PARG-shRNA
compared to untransfected and control-shRNA groups
(P<0.05). Thus PARG suppression does appear to play
a critical role in the prevention of cancer dissemination
and metastasis in vivo.

Discussion

In our current study, we have provided the initial
insights into the probable mechanism by which PARG
deficient LoVo cells displayed a decrease in both invasion
and metastasis. It has been known that both PARG and
PARP do play important roles in reticular biological
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processes [12] where PARP deficiency could reduce
arthritis severity in an animal experimental model [22]
and diminish tumor necrosis factor-induced inflammatory
damage in rheumatoid synovial fibroblasts [23] while,
PARG inhibition could prevent septic shock-like syndrome
[10] and decrease spinal cord inflammation [24].
Furthermore, some studies have highlighted similar effects
on many biological endpoints between PARP and PARG
[9-11] and their functional similarities [12, 25-26] have
been accepted as well. In other specific pathophysiological
processes, their relationship is more agonistic [12, 25]. In
some experimental systems, PARP suppression has been
shown to attenuate transcription factor activation and
inflammatory responses mediated via activation of PI3K/
Akt pathway [14]; this correlates with our findings of
PARG deficiency resulting in activation of this pathway
in LoVo cells.

Our study shows the relevance and effectiveness
of silencing PARG expression in the field of colon
carcinoma migration and invasion in vitro and metastasis
in vivo via PI3K/Akt pathway, a cascade known to be
pivotal in cancer pathogenesis, progression and metastasis
[27]. The LoVo cell line was successfully transfected by
a specific lentivirus vector-mediated short hairpin RNA
in PARG-shRNA cells that completely inhibited PARG
expression (Fig. 1a-d). Our experiments compared 4 major
groups, namely untransfected, control-shRNA, PARG-
shRNA and PARG-shRNA+LY which were assessed
for a decrease in PARP. PARP suppression was clearly
noted in PARG-shRNA cells (Fig. 3a-d) and the result
was consistent with our previous work [28]. In addition,
recent studies have shown that PARP inhibition decreases
NF-«xB expression which is important in cancer
proliferation and metastasis [21, 29-30]. We had previously
demonstrated that 5-Amimoisoquinolin-1-one (5-AIQ), an
inhibitor of the catalytic activity of PARP, could inhibit
PARP activity as well as its expression was associated
with decrease in NF-kB [21]. At that time we
hypothesized that NF-kB could be involved in the
synthesis of PARP; in this present experimental study
we have confirmed the relationship between them. We
used pyrrolidine dithiocarbamate (PDTC), a specific NF-
kB inhibitor in untransfected cells to emphasize that
PARP expression is suppressed with inhibition of NF-xB
(Fig. 3e, f). This highlighted the interactions between
PARG, PARP and NF-«xB [21, 28, 29]. PARG-shRNA
LoVo cells showed increased phosphorylation of Akt with
an attenuation of the total NF-«B expression (Fig. 4a-d)
which is also supported by these studies using either a
PARP or PARG inhibitor [13, 14, 18, 31]. Yet, until now

there was no concrete evidence regarding a similar role
for PARG inhibition on Akt activity. Our experiments
enlighten some aspects of PARG suppression in relation
to hinderance cancer progression. LY294002, an effective
inhibitor of PI3K/Akt pathway [26, 32], was used to probe
the relationship between PARP, PARG, PI3K/Akt
pathway, NF-kB and downstream genes such as MMP2
and MMP9. EMSA results confirmed that inhibition of
PARG decreases the amount of the nuclear NF-kB-DNA
binding complex in Lo Vo cells compared to both controls
(Fig. 5a, b). Suppression of the PI3K/Akt pathway in
untransfected+LY and control-shRNA+LY resulted in
increased levels of NF-kB-DNA binding complex.
Together these results indicate that PARG deficiency
results in upregulation of phosphorylated Akt and a
decrease in NF-kB expression (Fig. 4a-d) and suppression
of the PI3K/Akt pathway results in a surge in NF-xB
levels (Fig. 5a, b). This emphasizes the relationship of
PARG silencing with PI3K/Akt/NF-kB pathway.
Previously we reported that PARP inhibition decreased
metastatic potency of mouse colorectal carcinoma CT26
cells in vivo and in vitro via suppressing the expressions
of metastasis related genes NF-xB, MMP2 and MMP9
[16, 17]. Similarly, it was found that PARG knockout cells
displayed a decrease in NF-xB, MMP2 and MMP9
expressions with an increase in band intensity in
phosphorylated Akt. However, PARG-shRNA+LY cells
did not result in further assayed effects as compared to
untransfected and control-shRNA cells (Fig. 4c, d). This
suggests that PARG inhibition may be a fruitful way to
inhibit Lo Vo cell matrix adhesion, invasion and migration
and related protein expression important in colon
carcinoma, one of the commonest cancers in the world
with low survival rates when no longer amenable to
surgical intervention. Likely, PARG and PARP
suppression cooperate to downregulate NF-kB and its
metastasis related genes MMP2 and MMP9 through the
upstream regulation of PI3K/Akt pathway. Moreover, it
is known that Akt activates IKK kinases such that upon
phosphorylation, IkBa is degraded and thus enabling NF-
kB to undergo nuclear translocation. This classical
pathway is considered to be the mode of activation of
NF-kB assessed by intranuclear p65 dimer [33, 34]. We
have confirmed that in PARG-shRNA cells, cytoplasmic
expression of phosphorylated IkBa expression is reduced
leading to a simultaneous fall in intranuclear NF-xB p65
subunit (Fig. 6a-c) together with its total protein expression
(Fig. 3c, d). This demonstrates diminished activation of
NF-kB in PARG-shRNA cells resulting in decreased
expression of its dependent genes [35-38] including
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MMP2 and MMP9 (Fig. 4c, d). Further functional in
vitro studies showed that PARG-shRNA transfected cells
manifest reduced cell invasion, migration and adhesion
abilities (Fig. 7A-C, Table 1). It has been known for
over 10 years that inhibition of PARG leads to inhibitory
automodification of PARP-1 [11]. Thus in our experiment
it is probable that PARG knockdown led to PARP
inhibition [11, 23] which in turn resulted in activation of
PI3K/Akt pathway. Alternatively, it could be PARG
suppression could directly activate the PI3K/Akt pathway.
Previously we reported that PARP inhibition in CT26
cells also suppressed NF-kB along with its related
metastatic genes [16, 17] and now similar effects are
noted in our current experiment. Perhaps PARG and
PARP work together and are directly correlated to each
other or maybe it is only the action of PARG that has led
to our outcomes; additional studies are needed to explore
these options.

In vivo studies were conducted with the objective
of enhancing and supporting our in vitro experiments as
in our previous studies [16, 17], where CT26 cells were
transfected under similar conditions as LoVo cells and
our results demonstrated that transfection of PARG-
shRNA CT26 cells could inhibit effectively the metastasis
of of colon carcinoma cells implanted in mouse spleen.
The number of liver metastatic nodules according to our
staging (Fig. 8, Table 2a) was significantly lower in the
PARG-shRNA group (P*<0.05) compared to both
untransfected and control-shRNA groups and the tumor
volume was smaller in comparison to both control groups
(Fig. 8, Table 2b). This indicates that deficiency of PARG
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