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INC280 preferentially induces a DDR in cells propagat-
ing MET®™, leading to down regulation of cyclinD3
and CDK4 and up-regulation of p27X”"!, and ultimately
arresting the cell cycle in the G1 phase.

INC280-induced DSBs activate the p53BP1/ATM pathway
for DNA repair in MET?™P cells

DSBs are the most harmful form of DNA damage and
can be repaired by two different mechanisms. Homolo-
gous recombination (HR) directs error-free DNA repair
by using an unbroken sister chromatid as template to
accurately restore the damaged DNA molecule. HR
mainly occurs in S-phase, when the homologous sister
chromatid is unwound for DNA replication. By contrast,
nonhomologous end-joining (NHE]) provides flexibility
in repair by re-joining the broken ends together without
critically proof-reading the DNA sequence, which also is
a cause of chromosomal rearrangement [34]. An impor-
tant regulator promoting NHE] is p53-binding protein
1 (p53BP1) [34]. When DSBs occur, the ataxia telangi-
ectasia mutated (ATM) signaling cascade is activated
and drives p53BP1 to accumulate at the DSB sites; there
it binds to YH2AX and forms foci [35]. The number of
p53BP1/yH2AX foci is therefore indicative of DNA DSB
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repair [36]. While both MKN45 and MHCC97H paren-
tal cells showed a basal level of foci, INC280 treatment
(1 uM) for 18 h significantly increased p53BP1/yH2AX
foci number in these cells (Fig. 3a, b, Chi square test
p<0.05). Because the ATM pathway activates NHE] to
initiate DNA repair in G; phase cells, we tested whether
blocking ATM kinase activity may enhance the inhibi-
tory efficacy of INC280 in cells with MET*™. We show
that INC280 treatment alone induced p-ATM and down-
stream p-CHKI1 and p-CHK2 in MHCC97H cells, which
was reversed by ATM kinase inhibitor KU00019, result-
ing in a sustained YH2AX expression. At higher concen-
tration (10 pM), KU00019 further up-regulated yH2AX
expression, suggesting an enhanced DNA DSB effect
(Fig. 3c). While the ATM inhibitor KU00019 alone at 1
or 5 pM displayed minor inhibition to cell prolifera-
tion, a combination with INC280 (0.1, 1 uM) increased
inhibitory efficacy compared to INC280 alone (Fig. 3d).
These results suggest that MET TKIs induce severe DSBs
which undergo NHE] repair in MET*™ tumors and that
a combination strategy of using MET TKIs plus ATM
inhibitors may enhance the therapeutic efficacy against
tumor growth. With MKN45 cells, INC280 treatment
induced up-regulation of p-ATM but not of downstream
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Fig. 3 INC280 induces p53BP1 and yH2AX foci-formation in MKN45 and MHCC97H cells. MKN45 and MHCC97H cells were treated with vehicle or
INC280 (1 puM) for 18 h and fixed for IF staining with yH2AX (green) or 53BP1 (red) antibodies and DAPI (blue) for nuclear staining. Triplicates were
used for each concentration. Each co-localization of yH2AX and 53BP1 (yellow) is counted as one foci-formation at a DNA double-strand break. For
each treatment at least 100 nuclei were counted based on fluorescence images (60 x) to quantify foci formation. a Representative images showing
the nuclei of cells with p53BP1 (red) and yH2AX (green) localization and foci formation (yellow) in MKN45 and MHCC97H cells. b The percentage of
cells with 0, 1, and 1+ foci after vehicle or INC280 (1 uM) treatment for 18 h. *Compared with the control group, the increase of foci formation in the
INC280-treated group was statistically significant (Chi square test, p<0.05). ¢ INC280 (1 uM) treatment for 24 h up-regulates the ATM/Chk1 pathway
in MHCC97H cells and this up-regulation can be inhibited by the specific ATM inhibitor KUO0019 as shown by western blot analysis. d Combination
of INC280 and KU00019 treatment for 72 h results in a higher inhibitory efficacy in MHCC97H cells as measured by the CellTiter-Glo assay. Triplicates
were used for each concentration. Data represents the mean = SD for each treatment. Vertical bar represents the standard deviation
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p-CHK2. Because INC280 at low concentration (0.1 pM)
significantly inhibited cell proliferation, a combination of
INC280 and KU00019 did not further enhance inhibition
(Additional file 1: Figure S1).

Endothelial cells are the secondary targets

in HGF-autocrine tumors

To characterize the inhibitory efficacy in vivo, we subcu-
taneously transplanted MHCC97H and JHHS5 cells into
SCID mice and SCID#Agf; a human HGEF-transgenic SCID
mouse strain with enhanced growth of human tumors
in mice [5, 37]. These mice were treated with INC280
(daily oral gavage) or MetMab (one-time intraperitoneal
injection). We show that both MHCC97H and JHH5
cells displayed similar tumor growth rate and responses
to INC280 and MetMab in the two mouse models; thus,
stroma cell-produced HGF does not play a significant
role in MET*"? or HGF-autocrine tumor growth. Met-
Mab potently inhibited JHH5 but not MHCC97H tumor
growth, which is consistent with the in vitro results
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(Fig. 1) that MetMab only inhibit HGF-dependent MET
activation.

MET#™ cells are more sensitive to INC280 than
HGF-autocrine cells in vitro; however, MHCC97H
tumors showed similar growth inhibition as JHH5, when
treated with INC280 (30 mg/kg, Fig. 4) in mice. These
results raised two possibilities, either INC280 at high
concentration (i.e., 30 mg/kg) can sufficiently block HGE-
dependent MET activation in HGF-autocrine tumors
at the same level as it does with MET#"’ tumors, or,
there are alternative targets other than the tumor cells
that responded to INC280 in HGF-autocrine tumors.
Because HGF is a potent angiogenic factor stimulat-
ing neovasculature formation by endothelial cells, we
tested the effect of HGF-mediated 3-D HUVEC tube
formation [28] for inhibition by either INC280 or Met-
Mab (Fig. 5). We show that HGF at 100 ng/ml signifi-
cantly stimulated HUVEC cell tube formation, which
was significantly inhibited by either INC280 or MetMab
(Fig. 5a, b). The Src tyrosine kinase signaling cascade is
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Fig. 4 MHCC97H and JHH5 tumor growth inhibition by INC280 and MetMab in vivo. MHCC97H (a) or JHH5 cells (b) were implanted
subcutaneously into SCID or SCIDhgf mice to induce tumor growth followed by treatment with INC280 (30 mg/kg, daily oral gavage) for 3 weeks or
MetMAD (5 or 30 mg/kg, i.p. one time dose). Combination refers to INC280 (30 mg/kg) plus MetAb at 5 mg/kg. Tumor growth was measured by a

caliper twice a week
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Fig. 5 INC280 and MetMab inhibit HGF induced tube formation in HUVEC cells. a Representative images of HUVEC cell tube formation treated
with either INC280 (1 uM) or MetMab (1 uM). HUVEC cells were cultured in a 24-well plate coated with 50 pl Matrigel for the treatments as indicated.
Triplicates were used for each treatment. After 16 h, cells were imaged by phase-contrast microscopy. Five images were taken randomly from

each well. Tube formation before and after treatment are shown in upper and lower panel, respectively. b Quantification of tube-like structures

as described above in a. The number of tubes is calculated as mean & SD of 15 images that are measured by Image J. Fold change refers to

the average number of tubes of each treatment group as compared to HGF stimulation alone group. Vertical bar refers to standard deviation.
*Compared with the HGF stimulation control group, inhibition was found to be statistically significant (student t test, p < 0.05). ¢ INC280 (1 uM) and
MetMab (1 uM) inhibit phosphorylation of MET, MAPK/AKT and Src/p85 signaling pathway proteins in HUVEC cells as shown by western blot

frequently activated during cancer progression, elicit- These HGF stimulatory effects were blocked by INC280
ing different cellular functions including—proliferation, or MetMab. To verify the endothelial cells are second-
adhesion and angiogenesis. Elevated Src kinase activity ary targets of MET inhibitors in HGF-autocrine tumors,
promotes endothelial cell tube formation which can be  we analyzed CD31 positive area using IHC staining with
inhibited by Src inhibitors [38]. Here, we show that HGF ~ JHH5 tumors collected at day 3 of treatment (n=23). We
stimulation upregulated Src/p85 signaling accompanied  did not observe a statistical difference between the con-
by MAPK and AKT activation in HUVEC cells (Fig. 5c).  trol and the treatment groups (data not shown), likely



