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The aPKC: blocking agent ATM negatively regulates
EMT and invasion of hepatocellular carcinoma

CQ Ma', Y Yang', JM Wang*', GS Du?, Q Shen', Y Liu', J Zhang', JL Hu', P Zhu', WP Qi', YW Qian' and Y Fu'

Epithelial-to-mesenchymal transition (EMT) has an important role in invasion and metastasis of hepatocellular carcinoma (HCC).
To explore the regulatory mechanism of atypical protein kinase C 1 (aPKC1) signaling pathways to HCC development, and find an
agent for targeted therapy for HCC, immortalized murine hepatocytes were employed to establish an EMT cell model of HCC,
MMH-RT cells. Our study showed that EMT took place in MMH-R cells under the effect of transforming growth factor-f1 (TGF-f1)
overexpressing aPKCi. Furthermore, we showed that the aPKC: blocking agent aurothiomalate (ATM) inhibited EMT and
decreased invasion of hepatocytes. Moreover, ATM selectively inhibited proliferation of mesenchymal cells and HepG2 cells and
induced apoptosis. However, ATM increased proliferation of epithelial cells and had little effect on apoptosis and invasion of
epithelial cells. In conclusion, our result suggested that aPKC: could be an important bio-marker of tumor EMT, and used as an

indicator of invasion and malignancy. ATM might be a promising agent for targeted treatment of HCC.
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In the last decade, hepatocellular carcinoma (HCC) is
considered to be the most lethal of cancers, accounting for
approximately one-third of all malignancies."* HCC is curable
by surgical resection or liver transplantation if diagnosed at
early stage.® However, the risk of 5-year recurrence of HCC
following hepatic resection is as high as 50-70%, due to its
high invasion and the frequent intra- and/or extra-hepatic
metastases. Epithelia-mesenchymal transition (EMT) has
been shown to be a pivotal mechanism contributing to cancer
invasion and metastasis, as epithelial cells lose their polarity
and acquire the migratory properties of mesenchymal cells.
The characteristic changes during EMT include the down-
regulation of epithelial markers, such as E-cadherin and the
upregulation of mesenchymal markers such as vimentin.®
A correlation between the expression profiles of EMT, and
tumor recurrence or distant metastasis, has been demon-
strated in certain types of cancer, including HCC.5~8 Although
several EMT-related transcription factors such as Snail, Twist,
and Zinc finger E-box binding protein 1 (ZEB1) have been
shown to be involved in the process of EMT in HCC,%'° the
molecular mechanisms underlying the regulation of EMT in
HCC have not yet been fully elucidated.

Atypical protein kinase C : (aPKC:) is a newly discovered
aPKC, which is independent of calcium, diacylglycerol, and is
only activated by phospholipids. It is an important signaling
molecule taking part in transformation, adhesion, movement,
invasion, and metastasis of tumor cells.”” Recent studies

indicated that aPKC: is the sole catalytic component of the
Par3-Par6-aPKC: complex, which has a critical role in the
establishment and maintenance of epithelial cell polarity, tight
junctions, and adherens junctions.’® Importantly, loss of
apical-basal cell polarity is essential for EMT, a critical step
in cellular motility and invasion.™ Loss of polarity also allows
several growth factors and receptors, which are normally
compartmentalized because of tight junctions in polarized
cells, to mediate autocrine cell activation.'*1°

We previously reported that aPKC: expression was higher
at both mRNA and protein levels in HCC tissues (44 cases)
than in peri-tumoral and normal tissues.'® Accumulation of
aPKC: in HCC cytoplasm and nucleolus was found to be
associated with the loss of polarity and tight junctions in cell-
cell contact and E-cadherin was reduced and accumulation of
cytoplasm S-catenin increased in HCC.'® These observations
suggest that overexpression of aPKC: may have an important
role in the promotion of invasion and metastasis in HCC.'®
Therefore, we are lead to postulate that the aPKC:, a key
catalytic regulator of polarity and tight junctions, might serve
as target for the treatment of HCC.

The current study examined the relation between aPKC:
signaling pathway and the invasion and metastasis of HCC,
with an attempt to identify a new target for the drug therapy of
HCC. Immortalized murine hepatocytes (MMH-D3 cell line,
obtained from Prof. Marco Tripodi, University La Sapienza,
Roma, lItaly) were used to establish a cell model of
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hepatocellular tumor invasion and metastasis by treating the
cells with oncogenic v-Ha-Ras in combination with transform-
ing growth factor-1 (TGF-f1) signaling. The in vitro model
was verified by detecting the EMT markers and increased
invasion of the cells. Specific blocking agent of aPKC:
signaling pathway, aurothiomalate (ATM), was used to inhibit
the effects of aPKC: on invasion, survival, and apoptosis of
EMT cells (MMH-RT cells), and then the inhibitory effect was
examined to explore the function of aPKC:in HCC EMT and to
find a target drug for HCC therapy and lay a foundation for
further research.

Results

Effect of v-Ha-Ras and TGF-$1 on aPKC: and EMT of
hepatocytes. Epithelial MMH-D3 cells were infected with
lentiviruses that bicistronically expressed constitutively active
v-Ha-Ras and green fluorescent protein (GFP)."” Flow
cytometrically separated GFP-positive cells expressing
v-Ha-Ras protein in MMH-D3, MMH-R (24-h post transfec-
tion), and MMH-R (passage 1) cells were determined by
western blot analysis using the anti-v-Ha-Ras antibody. The
result showed that expression of v-Ha-Ras (21kDa) was
significantly higher in MMH-R (24-h post transfection) and
MMH-R (passage 1) cells than in MMH-D3 parental cells, as
shown in Figure 1a.

To establish a cell model with EMT phenotypes, MMH-R
cells were then stimulated with TGF-$1 for 24h (MMH-RT
cells) and comparable growth rate between MMH-D3,
MMH-R, and MMH-RT cells was observed (Figure 1b).'®
In contrast, treatment of these parental MMH-D3 hepato-
cytes with 8ng/ml TGF-$1 resulted in growth inhibition
within 72h. In the following 4 days (4-7 days), this cell
growth was consistently inhibited (Figure 1b, Student’s
t-test, P<0.05). The epithelial and mesenchymal markers
were examined by western blotting (Figures 1cand d). It was
found that the expression of epithelial markers E-cadherin
(135kDa) and f-catenin (92 kDa) was significantly reduced
in MMH-RT cells, compared with MMH-R cells (Student’s
t-test, P<0.01). With the loss of epithelial markers,
expression of mesenchymal markers such as vimentin
(53kDa) was obviously increased in MMH-RT cells as
compared with MMH-R cells (Figures 1c and d, Student’s
t-test, P<0.01). The subcellular distribution of E-cadherin
and f-catenin was analyzed under an immunofluorescent
microscope. As shown in Figure 1e, E-cadherin and
p-catenin were localized at cell—cell junction in MMH-R cells
(Figure 1el, 1ll); however, in MMH-RT cells, E-cadherin was
lost from cell boundaries and f-catenin was redistributed
diffusely in cytoplasm (Figure 1ell, IV). Consistent with the
morphological changes in EMT, MMH-RT cells transformed
into spindle shape from triangle form (Figure 1fl-Ill).

Loss of cell adhesion, disruption of the tight junction,
unrestricted proliferation, and increase in mesenchymal
markers and morphological changes of MMH-R cells induced
by TGF-$1 all indicated that the phenotype of MMH-RT cells
was transformed from epithelia into mesenchymal cells and
obtain the unrestricted proliferation ability.

We further detected aPKC: (74 kDa) protein and aPKC:
was also apparently induced by TGF-f1 in MMH-RT cells, as
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was observed with vimentin (Figures 1c and d, Student’s
t-test, P<0.01). Therefore, MMH-RT cells can serve as a
suitable model for the study of the invasion and metastasis of
HCC regulated by aPKC: signaling pathway.

Inhibitory effect of ATM on aPKC: and PARG6 binding in
PB1 domain. The recombinant plasmids, pET-15b/aPKC:
and pGEX-4t-3/PAR6, were constructed (Figure 2al, Il) and
transformed into E. coli (Supplementary Figure 1). The direct
binding of PB1 domain of aPKC: with PAR6 was verified with
GST pull-down assay, and the interaction between aPKC:
and PAR6 was inhibited by ATM (Figure 2b). The interaction
between aPKC: and PAR6 was suppressed by ATM in a
dose-dependent manner (Figures 2b and c), and the finding
was consistent with previously reported results (Alan P
Fields). The semiquantitative with western blotting and
standardizing IOD showed that the mean binding ratio
(n=3) was 63.8% at 10 uM of ATM and 32.7% at 50 uM of
ATM, respectively, when the ratio was set at 100% at 0 M of
ATM (Figure 2c). The IC50 of ATM was 20.42 uM.

To know whether the interaction between aPKC: and
PARG6 is also inhibited by ATM in MMH-RT cells, we
performed co-immunoprecipitation (CO-IP). After 24-h
treatment with ATM, an antibody against aPKC: was used
to immunoprecipitate Par6 protein from cell extracts.
The isolated proteins were analyzed by western blotting by
using an anti-Par6 antibody. The Par6 bands are shown in
Figure 2d, which reveals that protein content dropped
gradually with increasing concentration of ATM (the left-hand
pictures). On the other hand, a Par6 antibody was used to
precipitate aPKC: protein and anti-aPKC: antibody was
employed to detect aPKC:. The result exhibited that protein
content gradually decreased with increasing concentration of
ATM (Figure 2d, the right-hand pictures). The interaction
between aPKC: and PAR6 was inhibited by ATM in a
dose-dependent manner in MMH-RT cells. The mean binding
ratios (n=3), as semiquantitatively determined with western
blotting, are shown in Figure 2e, with IOD standardized and
the ratio at 0 uM of ATM defined as 100%. The IC50 of ATM
was 295.05uM with Par6 and 254.57 uM with aPKC;,
respectively.

Partial inhibition of transition of epithelial cell markers
to mesenchymal cell markers of MMH-RT cells by
ATM. To assess the effect of the aPKC: signaling pathway
on EMT in HCC, we determined EMT markers and aPKC:
levels in ATM-treated MMH-RT cells (Figure 3a). After 48-h

incubation, the expression of aPKC: was gradually
decreased with increasing concentration of ATM in
MMH-RT cells (Figure 3b, Student's ttest, P<0.05,

P<0.01); the expression of N-cadherin was significantly
decreased in MMH-RT cells (Figure 3b, Student’s t-test,
P<0.05); the expression of -catenin was slightly increased
in MMH-RT cells (Figure 3b, Student’s ttest, P<0.05); the
expression of E-cadherin was slightly increased in MMH-RT
cells (Figure 3b, Student’s ttest, P<0.05). Additionally, the
expression of vimentin remained unchanged in MMH-RT
cells, and bore no association with ATM levels (Figure 3b).
These results suggested that the ATM could partially inhibit
EMT transition in MMH-RT cells.
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Figure1 Effectof v-Ha-Ras and TGF-/1 on aPKC: and EMT of hepatocytes. (a) MMH-R cells were infected with oncogenic v-Ha-Ras. The expression levels of v-Ha-Ras
were determined by western blot analysis. (b) Proliferation kinetics of MMH-R (circles), MMH-RT (squares), MMH-D3 (inverted triangles) versus MMH-D3 + TGF-f1 cells
(triangles) in 7 days. MMH-RT cells showed proliferation kinetics comparable to the MMH-R and MMH-D3 cells. In contrast, MMH-D3 cells with 8 ng/ml TGF-/1 resulted in
growth inhibition within 72 h (n=3, Student’s t-test, mean + S.D., *P<0.05). (c and d) Expression of EMT markers (E-cadherin, -catenin, and vimentin), v-Ha-Ras, and
aPKC: in MMH-R and MMH-RT cells was detected by western blot analysis of (n=3, Student’s t-test, mean £ S.D., **P<0.01). (e) Adherens junction markers E-cadherin
and f-catenin were stained with anti-E-cadherin (red), anti-f-catenin (red) and DAPI (blue) by immunocytochemistry. E-cadherin and f3-catenin remained restricted to cell-cell
boundaries in MMH-R cells (I, Ill, x 200). But E-cadherin was hardly detected in MMH-RT cells (I, x 200), and 5-catenin was diffusely redistributed in cytoplasmic of MMH-
RT cells (IV, x 200). (f) No significant differences of morphological changes between MMH-D3 (I, x 200) and MMH-R cells (Il, x 200) were observed. Treatment of MMH-R

cells (Il) with 8 ng/ml TGF-$31 induced a highly synchronous transition from a polarized, epithelial to a depolarized, spindle-shaped and mesenchymal morphology within 24 h,
termed as MMH-RT cells (Ill, x 200)

Inhibition of viability and invasion of mesenchymal and 483.68 umol/l, respectively. In contrast, the stimulating
MMH-RT cells by ATM. It was previously shown that ATM effect of ATM on cell proliferation of epithelial MMH-R cells
was an effective proliferation inhibitor of aPKC: signaling in increased with the time of ATM treatment; but the cell
non-small lung cancer (NSCLC) cells.' In this study, we proliferation-stimulating effect was not conspicuously corre-
focused on the inhibitory effect of aPKC: blocking agent ATM lated with concentration in the concentration range used in
on HCC EMT cells. The cell counting kit-8 (CCK8) assay this experiment (Figures 4a—c).

showed that the survival rate of MMH-RT cells decreased The effects of ATM on invasion of MMH-R and MMH-RT
rapidly with increasing concentrations and time of ATM cells were evaluated by transwell assay. After induction with
treatment (Figures 4a—c). In all, 24, 48, and 72h after the TGF-f1, the invasion was significantly increased in mesench-
incubation, the IC50 of MMH-RT cells was 8582.87, 612.98, ymal MMH-RT cells than in epithelial MMH-R cells (Figures 4dl,
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Figure 2 Inhibitory effect of ATM on aPKC: and PARS binding in PB1 domain. (a) The recombinant plasmids (pET15b/aPKC1, pGEX-4T-3/Par6a) were transformed into
E. coli BL21 (DE3) and the expression of both aPKC: and PARGa was determined with enzyme digestion electrophoresis. M: DNA Maker (DL3000); 1-4 were duplicated
samples; (1) aPKC: gene was 360 bp; (Il) PAR6a gene was 1058 bp. (b) the direct bindings of PB1 domain of aPKC: with PAR6 were confirmed and the interaction
between aPKC: and PAR6 was attenuated with the dosage of ATM. (¢) The mean binding ratio of aPKC: and PARG at 0 umol/l ATM was defined as 100%, and the ratio was
63.8% at 10 umol/l ATM and 32.7% at 50 umol/l ATM as semiquantitatively determined (Gel Pro 4.0 software) by western blotting (n= 3). The 1C50 of ATM was 20.42 pM.
(d) The CO-IP was performed to study the inhibitory effect of ATM on the binding of aPKC: with PAR6 in MMH-RT cells. The isolated proteins (aPKC: and Par6) were analyzed
by western blotting. (€) The mean binding ratio of aPKC: and PARG at 0 umol/l ATM was defined as 100% and the ratio was semiquantitatively determined by (Gel Pro 4.0
software) western blotting (n=3). The IC50 of ATM was 295.05 uM with Par6 and 254.57 uM with aPKC, respectively

Il and e, Student’s ttest, P<0.01). The ATM inhibited the cells (Figures 4dV, VI and e, Student’s ttest, P<0.01).
invasion of MMH-R cells and MMH-RT cells in a dose- However, no effect of ATM on the morphological change of the
dependent manner in the range of 1-100 umol/l (Figures 4d cells was observed (Figure 4d). These findings indicated that
and e). However, the sensitivity of MMH-RT cells to ATM was the aPKC: signaling inhibitor could significantly suppressed
much higher than that of the MMH-R cells. When treated with the proliferation and invasion of mesenchymal MMH-RT cells.
10 umol/l ATM, MMH-R and MMH-RT cells showed

similar invasion (Figures 4dlll, IV and e). However, Induction of apoptosis of mesenchymal MMH-RT cells
higher concentration of ATM (100 umol/l) significantly by ATM. ATM-induced apoptosis in 48h was detected by
decreased the invasion in MMH-RT cells than in MMH-R fluorescence activated cell sorter (FACS) (Figure 5a).

Cell Death and Disease
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The results showed that the standardized apoptotic rate (%)
of mesenchymal MMH-RT cells was dramatically higher than
that of epithelial MMH-R cells when concentration of ATM
treatment was above 200 ymol/l (Figure 5b, Student’s t-test,
P<0.05, Supplementary Figure 2), while in MMH-R cells, the
apoptosis rate had no obvious correlation with concentration
(Figure 5b; Supplementary Figure 2). We also detected the
expression of caspase 3, a key molecule of apoptosis signal
pathway, in the MMH-R and MMH-RT cells. The results
exhibited that the expression of cleaved-caspase 3 of
MMH-RT cells was significantly higher than that of MMH-R
cells with the increased concentration of ATM (Figure 5c,
Student’s t-test, P<0.01). These findings indicated that the
aPKC: signaling inhibitor could activate the caspase
3-dependent apoptosis pathway and significantly promote
the apoptosis of MMH-RT cells.

Significant inhibition of viability and promotion of
apoptosis of HepG2 cell line with aPKC: overexpression
by ATM. Comparison between MMH-D3 and HepG2 cells
revealed that HepG2 cells were hepatocarcinoma cells highly
expressing aPKC: (Figure 6a, Student’s ttest, P<0.01).
FACS showed that the apoptotic rate (%) of HepG2 cells
was dramatically increased as concentration of ATM was
raised up to 50 umol/l in 48h (Figures 6b and c, Student’s
ttest, P<0.05, P<0.01; Supplementary Figure 2). CCK8
assay revealed that HepG2 cells were very sensitive to ATM
(Figure 6d). In all, 24, 48, and 72 h after incubation, the IC50 of
HepG2 cells was 68.10, 59.93, and 45.59 umol/l, respectively.
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The results suggested that ATM had a strong inhibitory effect
on hepatocarcinoma cells overexpressing aPKCi.

Discussion

To examine the role of aPKC: in invasion and metastasis and
outcome of HCC, our previous studies exhibited that the gene
and protein expressions of aPKC: are obviously higher in
HCC tissues than in peri-tumor tissues and normal tis-
sues.'®2% Accumulation of aPKC: in HCC cytoplasm and
nucleoli was associated with the loss of polarity and tight
junctions in cell—cell contact. However, we also found that
E-cadherin was reduced and accumulation of cytoplasmic
p-catenin was increased in HCC.'® These studies led us to
postulate that the overexpression of aPKC: may have a critical
role in the regulation of EMT in HCC."® To explore the roles of
aPKC: signaling pathway in HCC invasion and metastasis and
to seek a novel therapeutic target of HCC treatment, we
employed the immortalized murine hepatocyte cell line
MMH-D3 to establish an EMT cell model MMH-RT,?" and
our study showed that, under the synergic effect of oncogenic
v-Ha-Ras and TGF-$1, it had loss of cell adhesion, disrupted
tight junction, increased mesenchymal markers and related
morphological changes.

By using MMH-D3 hepatocytes, we constructed an EMT
cell model of HCC."®22 These untransformed murine cells,
generated from liver explants of transgenic mice expressing a
constitutively active truncated form of the human cyto-Met,
stably grow in vitro and display characteristics typical of
hepatocytes as indicated by morphological, ultrastructural,
cytochemical, and functional criteria.?2®2* In addition, these
MMH-D3 cells retain epithelial cell polarity, express hepato-
cyte-enriched transcription factors and hepatic markers, and
maintain their highly differentiated program throughout multi-
ple cell divisions,2>2” Furthermore, MMH cells have been
previously well characterized as model of TGFf-induced
reversible EMT, in which the master regulators Snail and
HNF4a have key roles.?"2®

Our study showed that TGF-f1 worked with constitutively
active v-Ha-Ras to induce and maintain EMT. This process is
accompanied by aPKC: overexpression. Meanwhile, we also
found that ATM could block aPKC:-Par6 complexes in vitro
and affect the biological features of MMH-RT. ATM efficiently
inhibited transition of epithelial cell markers to mesenchymal
cell markers, viability and invasion, but promoted apoptosis of
mesenchymal MMH-RT cells. These findings indicated that
ATM has more potent inhibitory effect on mesenchymal cells
than on epithelial cells. Interestingly, ATM could also
significantly inhibit HepG2 cells, a human hepatocarcinoma
cell line, which overexpresses aPKC:. Moreover, our research
also showed that ATM could dose-dependently decrease the
expression of aPKC: in mesenchymal MMH-RT cells. These
results proved our hypothesis that aPKC: signaling pathway is
essential for efficient TGF-f1-induced EMT of HCC cells, and
inhibition of aPKC: signaling pathway might be an alternative
for the treatment of HCC.

It was previously reported that aPKC: drives transforming
growth and invasion of NSCLC cells through activation of a
proliferative aPKC:-Par6-Rac1-Pak-Mek-Erk signaling axis.
Itis also found overexpressed and prognostic in multiple types
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Student’s ttest, mean £ S.D., **P<0.01)

of cancer.?°*° Molecular dissection of signaling downstream
of aPKC: demonstrated that expression of the PB1 domain of
aPKC: blocks aPKCi-dependent Rac1 activity and inhibits
cellular transformation, which indicate a role of this domain in
the transforming activity of aPKC:.3' Recently, Alan P Fields
reported that the anti-rheumatoid agent ATM is a potent
inhibitor of oncogenic aPKC: that blocks the formation of
aPKCi-Par6 complexes by specifically inhibiting PB1 domain-
mediated interactions.®>3* In the present work, GST pull
down and CO-IP were utilized to examine the blocking effect
of ATM on aPKC:—Par6 binding. The results showed that the
breaking of aPKC:-Par6 complex by ATM is dose dependent
and with increasing concentrations of ATM, the binding of
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aPKC:—Par6 was apparently attenuated in vitro and in MMH-
RT cells.

Until recently, only few studies on the relationship between
EMT and aPKC: signaling pathway have been performed.
Researchers have focused on the effect of aPKC: inhibitor on
tumor growth, but ignored the regulatory effects of aPKC: on
epithelial cell adhesion and cell polarization that are involved
in tumor EMT, invasion, and metastasis. Recently, it was
reported that TGF-f treatment increased endogenous aPKC:
expression in NSCLC cells and aPKC: silencing with siRNA
reduced TGF--induced EMT.%® This study indicated that
TGF-$1 cooperated with constitutively active v-Ha-Ras to
induce and maintain EMT."® This process was accompanied
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Figure5 Apoptosis of MMH-R and MMH-RT induced by ATM was determined by flow cytometry. At 48-h ATM incubation in a range of 1-600 umol/l, the apoptotic rates of
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(n=13, Student’s ttest, mean+ S.D., *P<0.05, **P<0.01, ImageJ2X software)

by loss of cell adhesion, cytoskeletal remodeling, enhanced
invasion, and overexpression of aPKC:. The results revealed
an intimate relationship between the elevated expression of
aPKC: and the formation and maintenance of EMT. Addition-
ally, ATM not only inhibited the binding between aPKC: and
Par6 in MMH-RT cells, but also changed their profile of protein
expression (from the profile of mesenchymal cells to that of
epithelial cells), suppressed the viability and invasion,
promoted apoptosis of MMH-RT cells. These findings
demonstrated that ATM possesses more potent inhibitory
effect on mesenchymal cells than on normal epithelial cells,
and aPKC:—Par6 signal pathway may cooperate with TGF-f1
to regulate EMT and cell migration in HCC. We also found
that, in mesenchymal MMH-RT cells, the expression of aPKC:
was gradually decreased with ATM concentration, which was
different from the findings by Alan P Fields with carcinoma of
lungs. The possible explanation might be that there was a
negative feedback regulation loop in the downstream of
aPKC: signal pathway. When aPKC:-Par6 complexes were

decreased, increased free aPKC: and blocked downstream
signal transduction would lead to a downregulated expression
of aPKC: by reactively regulating the translation and the

expression.

Although present researches provide a compelling rationale
for applying ATM for the clinical treatment of HCC, but the
precise mechanism by which ATM inhibits tumors is still
unknown. In a study of lung cancer, ATM was used as a highly
sensitive PB1-PB1 blocker to inhibit the binding between aPKC:
and Par6, and was found to uncouple aPKC: from the
downstream Par6-Rac1 effector pathways.'®*%® These
results provide a plausible unifying molecular mechanism that
could account for both the inhibited proliferation and invasion of
ATM. The aPKC:-Par6 complex functions to activate a Rac1-
Mek-Erk signaling axis that drives the transformed growth of
NSCLC cells and then activates downstream signaling mole-
cules matrix metalloproteinase 10 (MMP 10), which has an
important role in promoting cell invasion.®%° We also found that
ATM is a specific inhibitor of PB1 domain-mediated interaction,
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and could block aPKC:-mediated activation of Rac1in MMH-RT
cells. So, we postulate that ATM might have an inhibitory effect
on MMP 10 in hepatoma cells. But the exact mechanism
warrants further study.

Previous study demonstrated that the antitumorigenic
effects of ATM are mediated through direct inhibition aPKC:-
Par6-Rac1 pathway of tumor cell proliferation, instead of
tumor cell apoptosis or tumor vascularization in NSCLC.®
Another study showed that ATM induced apoptotic effects
through inhibiting not only the aPKCi-Par6-Rac1 pathway but
also the aPKCi-p62-NF-kB pathway in chronic myelogenous
leukemia (CML) cells.®®*" However, a recent research
revealed that ATM sensitivity is positively correlated with
expression of aPKC: and Par6, but not with that of the
aPKCi-binding protein p62, or thioredoxin reductase 1 or 2,
the proposed targets of ATM in rheumatoid arthritis (RA).'®
In our study, low concentration ATM remarkably inhibited
the expression of aPKC: dose-dependently in MMH-RT
cells. ATM also could remarkably induce the expression of
cleaved-caspase 3 and promote the apoptosis of MMH-RT
cells in a dose-dependent manner. On the basis of the
previous findings with CML, we were led to postulate that
when ATM inhibited the expression of aPKCy, it also indirectly
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decreased the signal transduction efficiency of NF-xB
pathway and eliminated the inhibition of apoptosis pathway.
The cleaved-caspase 3 was activated and the apoptosis was
enhanced. However, involvement of aPKCi-P62-NF-xB
pathway in aPKCi-mediated resistance to apoptosis in HCC
still needs further investigation.

In summary, the above results exhibited that aPKC: has a
pivotal role in EMT. Taken together, our previous findings with
HCC tissues and results with EMT cell models in this study,
suggested that signal pathway induced by aPKC: works with
EMT induced by TGF-f1 and Ras interaction, promote
invasion and metastasis of carcinoma and resist apoptosis
together. aPKC: could be regarded as one of the critical
bio-markers of HCC EMT, and could be used as an indicator of
tumor invasion and malignancy. This research also indicated
that ATM exerted, via aPKC: signal pathway, powerful and
versatile antitumor effects and could regulate EMT process.
Although the exact underlying mechanisms remain unclear,
the proliferation, apoptosis, and invasion of MMH-RT and
HCC cells could be regulated by both blockade of aPKC:
signal pathway and the secondary decrease in aPKC:. These
results suggested that ATM has potential to be used for the
target therapy of HCC.



Materials and Methods
Cell culture and lentivirus transfection. Immortalized Met murine
hepatocytes (MMH-D3) were cultured in RPMI-1640 (Hyclone, Logan, UT, USA)
supplemented with 10% fetal bovine serum (FBS; Gibco, Grand Island, NY, USA),
50 ng/ml recombinant human epidermal growth factor (EGF; Peprotech, Rocky
Hill, CT, USA), 30 ng/ml recombinant human insulin-like growth factor Il (IGF-II;
Sigma, St. Louis, MO, USA), 10 nig/ml insulin (Sigma) and 100 U/ml antibiotics.
MMH-R cells were established by transfecting lentivirus (PLL3.7 lentivirus vector;
Shanghai Gene Chem Co., Ltd, Shanghai, China) to parental MMH-D3 cells with a
vector bicistronically expressing constitutive active v-Ha-Ras (amino acids 177-690,
GenBank NO: BC006499.2) and GFP." Selection and propagation of a v-Ha-Ras/
GFP-positive cell population were performed by subculturing at a ratio of 1: 3 twice
a week in medium containing growth factors as described for MMH-D3 cells.
Mesenchymal-converted MMH-RT cells were cultured in RPMI-1640 supple-
mented with 10% FBS, 6-8 ng/ml recombinant human TGF-f1 (Peprotech) and
antibiotics. HepG2 cells (obtained from China Center for Type Culture Collection,
Wuhan, China) were cultured in DMEM (Hyclone) supplemented with 10% FBS and
100 U/ml antibiotics. All cells were kept at 37°C in 5% CO, and routinely screened
for the absence of mycoplasma. ATM (Merck, Darmstadt, Germany) was dissolved
by purified water and sterile filtration. The different concentrations of ATM were
added to the medium when necessary. Images were captured by using Olympus
BX-41 (Olympus, Tokyo, Japan).

Western blot assay. Cells were washed once with ice-cold phosphate-
buffered saline (PBS) and lysed with 0.1-0.2ml RIPA lysis buffer. The protein
concentration was determined by Coomassie protein assay (Pierce, Rockford, IL,
USA). Proteins were separated by SDS-polyacrylamide gel electrophoresis (SDS-
PAGE; Bio-Rad, Hercules, CA, USA), and transferred onto a nitrocellulose
membrane (Amersham, Chalfont, UK). The membranes were incubated with
primary antibodies (aPKC:, Santa Cruz Biotechnology, Santa Cruz, CA, USA;
E-cadherin, Cell Signaling Technology, Danvers, MA, USA; Par6, Santa Cruz
Biotechnology; f-catenin, Cell Signaling Technology; Vimentin, Cell Signaling
Technology; N-cadherin, R&D Systems, Minneapolis, MN, USA; v-Ha-Ras, Santa
Cruz Biotechnology; Caspase 3, Santa Cruz Biotechnology) at 4°C overmight.
Peroxidase-conjugated secondary antibodies were applied for 60 min at room
temperature at a dilution of 1:2000. f-Actin (Santa Cruz Biotechnology) was used
as the internal control. Peroxidase activity was detected by using chemilumines-
cence method (Amersham) and visualized on X-Omat S films (Amersham).
To quantify the relative levels of protein expression, the intensity of the specific
bands was estimated by the ImageJ2X analysis software package (National
Institute of Mental Health, Bethesda, MD, USA).

Proliferation assay. In all, 5 x 10° cells were cultured in quintuplicate on
petri dishes (10 cm in diameter) with medium containing growth factors indicated
above. The cells were counted by detaching with trypsin solution and survival cells
were counted under a light microscope after trypan blue staining. The assays were
repeated at least three times.

Immunofluorescence assay. MMH-R and MMH-RT cells were seeded
onto coverslips, incubated overnight and then fixed with 4% paraformaldehyde.
Cells were incubated with primary antibodies (E-cadherin, 1:100, Santa Cruz
Biotechnology; f-catenin, 1:100, Santa Cruz Biotechnology) for 1h at room
temperature. Cy3-dye-conjugated secondary antibodies (Jackson Laboratories,
West Grove, PA, USA) were added for 30 min at room temperature at a dilution of
1:150 in PBS. Cells were then mounted with Mounting Medium containing DAPI
(Vector Laboratories, Burlingame, CA, USA). Images were captured by utilizing a
Carl Zeiss LSM 710 laser scanning confocal microscope (Carl Zeiss, Oberkochen,
Germany).

Plasmid cloning and expression of recombinant proteins. The
PB1 domain of human aPKC: (amino acids 1-113, GenBank NO: 5584) and
Para (cds, GenBank NO: 50855) was chemically synthesized and separately
cloned to prokaryotic expression vectors pET-15b (Novagen, Merck, Germany)
and pGEX4T-3 (Amersham Biosciences, GE Healthcare Bio-Sciences, Inc.,
Pittsburgh, PA, USA) to construct pET-15b/aPKC: and pGEX-4t-3/PAR6. Genes
were sequenced by Invitrogen Co. (Shanghai, China). The recombinant plasmids
pET15b/aPKC: and pGEX-4T-3/Par6a were transformed into E. coli strain BL21
(DE3). Expression of recombinant protein HIS-aPKC: and GST-PAR6 was
induced with IPTG and determined with SDS-PAGE.
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GST pull-down assay. Recombinant HIS-aPKC: and GST-PAR6 were used
as a bait protein to perform GST pull down. For each GST pull-down experiment,
800 ul cell lysate from cells treated with ATM (0, 10, and 50 M) was added into
Handeespin column fixed with GST-PARG bait protein and incubated for at least 1 h at
4°C. The column was washed five times with 400 x| ProFound lysis buffer, incubated
for 5min after mixing in 250 ul glutathione solution (31 mg/ml) and centrifuged at
1250 x gfor 30s to 1 min in a collection tube. Eluent was collected and dissolved in a
10% SDS-PAGE gel. The gel was stained with Coomassie blue or applied to
immunoblot (rabbit GST antibody, 1:200, ProMab Biotechnologies, Inc., Richmond,
CA, USA; rabbit HIS antibody, 1:200, ProMab Biotechnologies, Inc.; rabbit S-actin
antibody, 1:200, ProMab Biotechnologies, Inc.). The intensity of the specific bands
was estimated by employing Gel pro 4.0 software package (Media Cybemetics, Inc.,
Rockville, MD, USA). The assays were repeated at least three times.

CO-IP assay. MMH-RT cells were cultured with ATM (0, 10, 50, 100, 200, and
400 1M). After 24 h, cells were washed once with ice-cold PBS and lysed in RIPA
lysis buffer with 1mM PMSF. The protein concentration was determined by
Coomassie protein assay (Pierce). In 200 ng of cell proteins, rabbit antibody IgG
(1 ng) was dropwise added with protein A/G plus-agarose beads (Beyotime
Institute of Biotechnology, Haimen, China) 20 p, and rotated for 2 h at 4°C to get
rid of non-specific combination. The mixture was centrifuged and the superatant
was collected. CO-IP was performed using rabbit anti-aPKC: monoclonal antibody
(1 ng) or mouse anti-Par6 monoclonal antibody (1 ug) to bind Par6 protein or
aPKC: protein, respectively. The protein-antibody immunoprecipitates were
collected by protein A/G plus-agarose beads. The samples were washed with
RIPA buffer five times. Following the final wash, the beads were resuspended in
20 ul of SDS loading buffer. Finally, the samples were boiled and centrifuged to
pellet the agarose beads. The supernatant was collected for western blot detection
using the Par6 antibody (1:1000) or aPKC: antibody (1:500) and proper second
antibody. The intensity of the specific bands was estimated by Image J2X software
package. The assays were repeated at least three times.

Viability assay. Cell viability was colorimetrically assessed using the CCK8
(1:10, Dojindo Laboratories Co., Ltd, Kumamoto, Japan). Cells were seeded into
96-well plates at a density of 5 x 10° cells/well in 200 zl culture medium. In all, 24,
48, and 72 h after the culture, the medium was removed by aspiration and replaced
with 100 ! of experimental medium. In all, 10 ul CCK8 solution was added to each
well and the plates were incubated for 1-4 h at 37°C. Absorbance was recorded at
450 nm using the pQuant ELISA Reader (Bio Tek Instruments, Inc., Winooski, VT,
USA). The percentage of survival rate was calculated according to the following
formula: survival rate % = (ODyeated — ODpjank)(ODcontrol — ODpiank) < 100%. 1C50
was calculated using probit regression analysis. The assays were conducted in
triplicate and repeated at least three times.

Cell invasion. Cells invasion was detected using transwell assay (8 um pore
size; Corning Costar Corp, Coming Incorporated, Corning, NY, USA). The
transwell inserts were put into the 24-well plates and coated with Matrigel (BD
Biosciences, Franklin Lakes, NJ, USA). Freshly trypsinized and washed cells were
suspended in 200 ul of RPMI-1640 containing 1% FBS. In all, 1 x 10* cells/well
were placed in the top chamber of each insert and 600 x| of RPMI-1640 containing
10% FBS was added into the lower chambers. After incubation for 24 h at 37°C in
a 5% CO, humidified incubator, cells were fixed with 95% absolute alcohol and
stained with crystal violet. The cells in the inner chamber were removed with a
cotton swab and cells attached to the bottom side of the membrane were counted
and imaged under an Olympus BX-41 microscope (Olympus) at x 200
magnification over four random fields in each well. Each experiment was
performed in triplicate.

Flow cytometry. Cells were seeded onto 12-well plates at a cell density of
1% 10° cells/well in 1.5ml of culture medium and allowed to adhere overnight.
Twenty-four hours after the culture, the medium was removed by aspiration and
replaced with 1.5 ml of experimental medium containing 0, 1, 10, 100, 200, 400,
and 600 umol/l ATM. Forty-eight hours after the incubation, the cells were
harvested and apoptosis was flow cytometrically determined by using
Annexin V-PE/7-AAD and Annexin V-FITC/PI apoptosis detection kit (KeyGen
Biotechnology Co., Ltd, Nanjing, China) according to the manufacturers
instructions. The standardization of apoptosis rate was calculated according to
the following formula: standardized apoptosis rate (%)= apoptosis rate
(%)reated — apoptosis rate (%)eontro- All €xperiments were conducted at least
three times with similar results.
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Statistical analysis. Data were statistically analyzed by using the software
package SPSS (version 19.0) for Windows supplied by the Statistics Teaching
Room of Tongji Medical Collage, Huazhong University of Science and Technology.
Statistical significance was assessed by means of Student’s ttest. Results were
presented as mean + standard deviation (S.D.) unless otherwise stated and
difference was considered to be significant when *P<0.05 and **P<0.01.
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