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Is a positive regulator of Epithelial
Defense Against Cancer (EDAC)
e that promotes apical extrusion of
st RasV12-transformed cells

YutaYakol?, Takashi Hayashi'?3, Yasuto Takeuchil, Kojiro Ishibashi'2, Nobuhiro Kasai'?,
Nanami Sato?, Keisuke Kuromiya'?, Susumu Ishikawa? & Yasuyuki Fujital-?

Recent studies have revealed that newly emerging transformed cells are often eliminated from
epithelia via cell competition with the surrounding normal epithelial cells. However, it remains
unknown whether and how soluble factors are involved in this cancer preventive phenomenon. By
performing stable isotope labeling with amino acids in cell culture (SILAC)-based quantitative mass
. spectrometric analyses, we have identified ADAM-like Decysin-1 (ADAMDEC1) as a soluble protein
. whose expression is upregulated in the mix culture of normal and RasV12-transformed epithelial
cells. Expression of ADAMDEC1 is elevated in normal epithelial cells co-cultured with RasV12 cells.
Knockdown of ADAMDECL1 in the surrounding normal cells substantially suppresses apical extrusion of
RasV12 cells, suggesting that ADAMDEC1 secreted by normal cells positively regulate the elimination
. ofthe neighboring transformed cells. In addition, we show that the metalloproteinase activity of
. ADAMDEC1 is dispensable for the regulation of apical extrusion. Furthermore, ADAMDECL facilitates
. the accumulation of filamin, a crucial regulator of Epithelial Defense Against Cancer (EDAC), in normal
. cells at the interface with RasV12 cells. This is the first report demonstrating that an epithelial intrinsic
soluble factor is involved in cell competition in mammals.

© At the initial step of carcinogenesis, transformation occurs in single cells within epithelial layers. Recent studies
. have revealed that the newly emerging transformed cells and the surrounding normal epithelial cells often com-
. pete with each other for survival and space, a phenomenon called cell competition; the loser cells are eliminated
. from the tissues, while the winner cells occupy the vacant spaces'™'°. For example, when RasV12-transformed
. cells are surrounded by normal epithelial cells, transformed cells are apically eliminated and leave the epithelial
© tissues'"'2 During this potentially cancer preventive process, cytoskeletal proteins filamin and vimentin are accu-
. mulated in normal cells at the interface with the neighboring transformed cells and actively eliminate the latter

cells by generating contractile forces'. In addition, accumulation of filamin induces various non-cell-autonomous

changes in the neighboring transformed cells such as altered metabolisms, enhanced endocytosis, and reorgan-
* ization of cytoskeletons, which also positively regulate elimination of transformed cells'>!*!°. These data imply
- that normal epithelia display anti-tumor activity that does not involve immune cells, a process termed Epithelial
. Defense Against Cancer (EDAC)". Several lines of evidence indicate that direct cell-cell interactions between

normal and transformed cells trigger cell competition. In Drosophila, however, the soluble factor dSparc is tran-

scriptionally upregulated in loser cells during cell competition and protects these cells from apoptotic cell death's.
. In addition, other soluble factors such as Toll-like receptor ligands and Upd3 can also regulate cell competi-
. tion'7!8, Moreover, at the early stage of embryogenesis in mice, it has been suggested that soluble factor(s) might
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be involved in selection of developmentally optimal cells'. But, it still remains elusive whether and how soluble
factors play a role in cell competition, especially in mammals.

ADAM-like Decysin-1 (ADAMDEC1), a member of the ADAM family, is a secreted type of metallopro-
tease?”?!. ADAMDECI contains a signal peptide, a prodomain, a catalytic domain, and an incomplete disin-
tegrin domain, but lacks a typical transmembrane domain and a cytoplasmic tail?2. Moreover, ADAMDECI
contains the ADAM consensus sequence for the proteolytic activity and exhibits a metalloproteinase activity for
a2-macroglobulin (a2M) in vitro®. However, its physiological function remains largely unknown.

In this study, we demonstrate that normal epithelial cells secrete ADAMDECI, upon interaction with
RasV12-transformed cells, which facilitates apical extrusion of the transformed cells.

Results

ADAMDEC1 is identified by SILAC-based analyses as a soluble protein enriched in the co-cul-
ture of normal and RasV12-transformed epithelial cells. To analyze cell competition between normal
and RasV12-transformed cells, we have established Madin-Darby canine kidney (MDCK) epithelial cells that
stably express RasV12 in a tetracycline-inducible manner"'. Using this cell line, we have demonstrated that when
RasV12-transformed cells are surrounded by normal epithelial cells, the transformed cells are apically extruded
from the epithelial monolayer''. To identify soluble proteins that are involved in this process, we performed stable
isotope labeling with amino acids in cell culture (SILAC)-based quantitative mass spectrometric analyses*>*%. Two
types of isotope-labeled lysine and arginine were used for cell labeling: medium (Lys4, Arg6) and heavy (Lys8,
Argl0). Medium-labeled normal MDCK and RasV12 cells were co-cultured, whereas heavy-labeled MDCK and
RasV12 cells were cultured separately (Fig. 1a). The culture media were collected from each condition, and those
from the monoculture of normal and RasV12 cells were combined, followed by trypsin digestion. Thereafter,
the amounts of medium- and heavy-labeled peptides were compared by liquid chromatography-tandem mass
spectrometry (LC-MS/MS). The relative protein abundance ratio (M:H ratio) was calculated based on the signal
intensities of mass spectra for medium-labeled peptides relative to those for heavy-labeled peptides, which repre-
sents the difference between the two culture states. We identified 14 proteins that presented >2 M:H ratio in two
independent analyses, and ADAMDECI had the highest M:H ratio (Figs 1b and Sla,b). The non-cell-autono-
mous upregulation of ADAMDECI was also confirmed at the protein level by MS1 full-scan filtering and western
blotting (Fig. 2a,b). These results indicate that ADAMDECI is abundantly secreted from the co-culture of normal
and RasV 12 cells, compared with their monocultures.

ADAMDEC1 secreted by normal epithelial cells plays a positive role in apical extrusion of
RasV12-transformed cells. Next, we examined whether ADAMDECI expression is elevated in normal or
RasV12-transformed epithelial cells under the co-culture condition by performing quantitative real-time PCR.
The expression level of ADAMDECI was substantially increased in the co-culture of normal and RasV12 cells,
compared with that in single cultures of normal and RasV12 cells (Fig. 3a). This result suggests that the expression
of ADAMDECI is transcriptionally controlled in a non-cell-autonomous fashion, though we cannot exclude the
possibility that it is also regulated at the post-transcriptional level. Previous studies have demonstrated that vari-
ous non-cell-autonomous changes occur in normal cells, upon interaction with transformed cells, which induce
EDAC"?. To examine whether ADAMDECI secreted by normal cells is also involved in EDAC, we established
MDCK cells stably expressing ADAMDEC1-shRNA (Fig. 3b). Knockdown of ADAMDECI in normal cells pro-
foundly suppressed ADAMDECI expression at both mRNA and protein levels in the co-culture of normal and
RasV12 cells (Figs 2b, 3a and S2a,b), suggesting that ADAMDECI expression is upregulated in normal cells
under the co-culture condition. Furthermore, when RasV12 cells were surrounded by ADAMDECI1-knockdown
cells, apical extrusion of the transformed cells was significantly suppressed (Fig. 3¢). Collectively, these results
suggest that ADAMDECI secreted by normal epithelial cells promotes apical extrusion of the neighboring
RasV12-transformed cells.

The NF-xB pathway is involved in ADAMDEC1 expression and apical extrusion. According to
the analyses with UCSC Genome Browser, the promoter regions of ADAMDECI contain regulatory sequences for
various transcriptional factors, among which NF-«B, EBF1, and CTCF show high confidence (Fig. S3a). As a pre-
vious study reported the involvement of the NF-xkB pathway in cell competition in Drosophila'®, we further stud-
ied a role for NF-kB in the regulation of ADAMDECI. Treatment with the NF-xB inhibitor CAPE profoundly
suppressed expression of ADAMDECI (Fig. 3a). Furthermore, the treatment of CAPE markedly decreased the
frequency of apical extrusion of RasV12-transformed cells (Fig. 4a,b). However, we did not obtain evidence indi-
cating that the NF-xkB pathway was activated in normal cells surrounding RasV12 cells (Fig. S3b). Collectively,
these data suggest that the basal activity of the NF-xB pathway is required for ADAMDEC] expression and apical
extrusion, but that these processes are also regulated by an additional signaling pathway(s) that is modulated
between normal and RasV12 cells in a non-cell-autonomous fashion.

The metalloproteinase activity of ADAMDECL1 is dispensable for the regulation of apical extrusion.
Human ADAMDECI has metalloprotease activity, and the glutamate 353 (E353) residue in the ADAM consensus
sequence is important for this activity?. Canine ADAMDEC1 also has the ADAM consensus sequence repre-
senting the protease active site, in which E353 is conserved (Fig. 5a). We purified canine wild-type (WT) and
glutamate mutant (E353A) ADAMDECI recombinant proteins and analyzed their protease activities in vitro. By
examining the cleavage of human a2 M, we demonstrated that ADAMDECI-WT possessed proteolytic activity,
but ADAMDEC1-E353A did not (Fig. 5b), indicating the evolutionarily conserved protease activity of canine
ADAMDECI. Next, we examined whether addition of ADAMDEC1-WT or -E353A to the media rescues the
inhibitory effect of ADAMDECI1-knockdown on apical extrusion of RasV12-transformed cells. ADAMDEC1-WT
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Figure 1. SILAC-based analyses for soluble proteins enriched in the co-culture of normal and RasV12-
transformed epithelial cells. (a) A scheme for the SILAC-based analyses. MDCK and MDCK-pTR GFP-RasV12
cells were labeled with medium (Lys4/Arg6) or heavy (Lys8/Arg10) lysine and arginine. Medium-labeled
normal MDCK cells were mixed with medium-labeled RasV12 cells at a ratio of 1:1 (1:1 Mix Culture), whereas
heavy-labeled MDCK or RasV12 cells were cultured separately (Monoculture). At 24 h after tetracycline
addition, the culture media were collected, followed by trypsin digestion. Peptides were analyzed by quantitative
mass spectrometry using LC-MS/MS. (b) Top ten identified proteins whose expression is significantly
upregulated in the mix-culture of normal and RasV12 cells. The M:H ratio represents the overall average ratio of
the signal intensities of mass spectra for medium-labeled peptides relative to those for heavy-labeled peptides.

restored the frequency of apical extrusion of RasV12 cells surrounded by ADAMDECI1-knockdown cells (Fig. 5¢).
In addition, ADAMDECI1-E353A rescued this phenotype to a comparable extent (Fig. 5c). ADAMDEC1-WT or
-E353A did not significantly affect apical extrusion of RasV12 cells surrounded by control-shRNA-expressing
cells (Fig. 5d). Collectively, these data indicate that ADAMDECI facilitates apical extrusion independently of its
metalloprotease activity.

ADAMDEC1 acts upstream of filamin in EDAC. Filamin, a crucial regulator of EDAC, accumulates
in normal epithelial cells at the interface with the neighboring RasV12-transformed cells and thereby pos-
itively regulates apical elimination of transformed cells (Fig. 6a)!*>. When RasV12 cells were surrounded by
ADAMDECI-knockdown cells, accumulation of filamin was substantially diminished (Figs 6a,b and S4), suggest-
ing that ADAMDECI regulates filamin accumulation and thus acts as an upstream regulator for the eradication
of transformed cells from epithelia. A previous study showed that Epithelial protein lost in neoplasm (EPLIN) is
accumulated in RasV12 cells when they are surrounded by normal cells, which regulate filamin accumulation in
normal cells, and vice versa't. We found that accumulation of EPLIN was substantially diminished in RasV12 cells
that were surrounded by ADAMDECI1-knockdown cells (Fig. 6¢,d).

Discussion

In Drosophila, soluble factors have been shown to play a role in cell competition'®-'8. For example, dSparc,
the Drosophila homolog of the SPARC/Osteonectin protein family, is transcriptionally upregulated in loser
cells at the early stage of cell competition and protects these cells from apoptosis by inhibiting caspase activa-
tion'®. In addition, a previous study suggested the presence of a soluble factor(s) that positively regulates cell
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Figure 2. Expression of ADAMDECI is increased in the co-culture of normal and RasV12-transfoemed
cells. (a) MS1 full-scan filtering analysis of ADAMDECI in 1:1 co-culture or mono-culture of normal and
RasV12-transformed cells. MS1 ion chromatograms of ADAMDECI peptide (SLNSPEQEDFLQAEK, in red)
or its corresponding heavy internal standard (SLNSPEQEDF["*C9,>°N]LQAEK, in blue) were extracted using
skyline software. The level of ADAMDECI was normalized to heavy internal standard peak area. Values are
expressed as ratios relative to MDCK. Data are mean =+ SD from two independent experiments. (b) Analysis
of ADAMDECI expression in conditioned media by western blotting. Conditioned media from the indicated
culture conditions were examined by western blotting with anti-human ADAMDECI antibody.

competition during embryonic development in mice, though identity of the soluble factor(s) remains unraveled".
In this study, we demonstrate that the soluble protein ADAMDECI plays a positive role in apical extrusion of
RasV12-transformed cells from the normal epithelial layer; this is the first report demonstrating that an epithelial
intrinsic soluble factor is involved in cell competition in mammals. Our preliminary data show that conditioned
media from the co-culture of normal and RasV12-transformed cells do not induce apical extrusion of RasV12
cells cultured alone. Moreover, cell competition generally occurs between directly contacting cells at the bound-
ary of two different populations in both Drosophila and mammals. Thus, it is plausible that soluble factors alone
may be insufficient to trigger cell competition, and direct interactions between loser and winner cells are also

required.
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Figure 3. ADAMDECI secreted by normal epithelial cells plays a positive role in apical extrusion of RasV12-
transformed cells. (a) Quantitative real-time PCR analysis of ADAMDECI expression. MDCK-pTR GFP-
RasV12 cells and MDCK cells or MDCK ADAMDECI-shRNAT1 cells were cultured separately or co-cultured at
aratio of 1:1 in the absence or presence of the NF-kB inhibitor CAPE. The relative mRNA level of ADAMDEC1
was measured by quantitative real-time PCR with GAPDH mRNA as internal control. Average values from
single culture of RasV12 cells and MDCK cells (or MDCK ADAMDECI1-shRNAL1 cells) are shown as black
bars. Values are expressed as ratios relative to average of single cultures of MDCK and RasV12 cells. Data are
mean + SD from eight (left), three (middle), or five (right) independent experiments. “P < 0.05, unpaired
Student’s t-test. (b) Quantitative real-time PCR analyses for ADAMDECI expression in MDCK cells stably
expressing ADAMDECI1-shRNA1 or -shRNA2. Values are expressed as ratios relative to MDCK. Data are
mean + SD from two independent experiments. “P < 0.05, unpaired Student’s t-test. N.D.; not detected. (c)
Effect of ADAMDECI-knockdown on apical extrusion of RasV12 cells. MDCK-pTR GFP-RasV12 cells were
co-cultured with MDCK cells or MDCK ADAMDEC1-shRNALI or -shRNA2 cells, and at 24 h after tetracycline
addition, apical extrusion of RasV12 cells was quantified. Data are mean &= SD from three independent
experiments. “P < 0.005, two-tailed Student’s ¢-test.

Upon interaction with RasV12-transformed cells, normal cells secrete ADAMDECI and thereby influ-
ences the behavior of themselves in an autocrine manner by inducing filamin accumulation at the inter-
face with the transformed cells. Accumulation of EPLIN is suppressed in RasV12 cells when they are
surrounded by ADAMDECI-knockdown cells. This may be caused by decreased accumulation of filamin in
ADAMDECI1-knockdown cells, but it is also possible that ADAMDECI directly influences RasV12 cells in a par-
acrine fashion. Furthermore, a previous study has demonstrated that exogenous sphingosine-1-phosphate (S1P)
binds to SIPR on normal cells and thereby promotes apical extrusion of the neighboring RasV12 cells, implying
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Figure 4. The NF-xB inhibitor CAPE suppresses apical extrusion of RasV12-transformed cells. (a,b) Effect of
CAPE on apical extrusion of RasV12-transformed cells. MDCK and MDCK-pTR GFP-RasV12 cells were co-
cultured in the absence or presence of CAPE. Cells were fixed at 24 h after tetracycline addition and stained with
Alexa-Fluor-568-phalloidin (red) and Hoechst (blue). (a) Confocal microscopic immunofluorescence images of
xz sections. Scale bars, 10 pm. (b) Quantification of apical extrusion of RasV12 cells. Data are mean £ SD from
three independent experiments. ‘P < 0.005, two-tailed Students #-test.

that extrinsic factors from outer environments can influence the outcome of cell competition®. In future studies,
we would like to examine whether and how endogenous ADAMDECI and exogenous S1P co-regulate the com-
petitive interaction between normal and transformed cells.

Using an in vitro proteolytic activity assay, we show that the metalloproteinase activity of ADAMDECI is
not involved in apical extrusion of RasV12 cells, indicating that ADAMDECI promotes apical extrusion inde-
pendently of its protease activity. In addition to proteolysis, ADAM proteins are involved in other cellular pro-
cesses such as cell adhesion, cell fusion, and regulation of postsynaptic excitation*>*”. For example, ADAM22
forms a ligand-receptor complex with LGI1, and thereby enhances AMPA receptor-mediated synaptic transmis-
sion?. Similarly, ADAMDECI may bind to its cognate membrane receptor and activate a signaling pathway(s)
upstream of filamin accumulation; this possibility needs to be investigated in future studies.

The molecular mechanism that triggers cell competition between normal and RasV12-transformed cells still
remains elusive. However, it is likely that normal cells sense certain physical or chemical differences in RasV12
cells and accordingly activate a signaling pathway(s), eventually leading to upregulation of ADAMDECI.
Treatment with the NF-xkB inhibitor CAPE profoundly suppresses expression of ADAMDEC; however the NF-xB
pathway is not activated in normal cells neighboring RasV12 cells, suggesting that transcription of ADAMDEC1
is regulated by additional signaling pathways in concert with NF-xB. According to analyses with UCSC Genome
Browser, the promoter regions of ADAMDECI contain transcriptional regulatory sequences for a number of
other transcriptional factors. Identification of upstream transcription factors that control ADAMDECI expres-
sion will help to elucidate unidentified cell competition-specific signaling pathways.

Materials and Methods

Antibodies and Materials. Mouse anti-filamin (F6682) antibody was purchased from Sigma-Aldrich.
Rabbit anti-p65 (sc-109) and mouse anti-EPLIN (sc-136399) antibodies were from Santa Cruz Biotechnology.
Mouse anti-ADAMDECI antibody was kindly provided by Drs. Lund and Petersen (Novo Nordisk A/S)%.
For immunofluorescence, the primary antibodies were diluted in phosphate-buffered saline (PBS) containing
1% bovine serum albumin (BSA) at 1:100. Alexa-Fluor-568- and -647-conjugated secondary antibodies (Life
Technologies) were used at 1:200. Alexa-Fluor-568- and -647-conjugated phalloidin (Life Technologies) was used
at 1.0 U ml~'. Hoechst 33342 (Life Technologies) was used at a dilution of 1:5,000. Stable isotope-labeled amino
acids were purchased from Cambridge Isotope Laboratories. The synthetic peptide containing stable isotope
labeled phenylalanine (SLNSPEQEDF["*C9,">°N]LQAEK) was obtained from SCRUM Inc.

Cell Culture. MDCK cells stably expressing GFP-RasV12 in a tetracycline-inducible manner (MDCK-pTR
GFP-RasV12) were established and cultured as previously described!". To establish MDCK cells stably expressing
ADAMDECI1-shRNA1, -shRNA2, and control-shRNA, ADAMDECI shRNA oligonucleotides (ADAMDECI -
shRNA1: 5-GATCCCCGGCATTGGTAGGTATGGAATTCAAGAGATTCCATCCTACCAATGCCTTTTTC-3
and 5'-TCGAGAAAAGGCATTGGTAGGTATGGAATCTCTTGAATTCCATACCTACCAATGCCGGG-3/,
ADAMDEC1-shRNA2: 5'-GATCCCCGGGCCAGACTACACTGAAATTCAAGAGATTTCAGTG
TAGTCTGGCCCTTTTTC-3" and 5-TCGAGAAAAAGGGCCAGACTACACTGAAATCTCTTGAATT
TCAGTGTAGTCTGGCCCGGG-3’) or Luciferase shRNA oligonucleotides (Luciferase-shRNA: GATCCCCTG
AAACGATATGGGCTGAATTCAAGAGATTCAGCCCATATCGTTTCATTTTTC-3’ and 5'-TCGAG
AAAAATGAAACGATATGGGCTGAATCTCTTGAATTCAGCCCATATCGTTTCAGGG-3') were cloned into
the BgIII and Xhol site of pPSUPER.neo + gfp (Oligoengine). MDCK cells were then transfected with pSUPER.
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Figure 5. The metalloproteinase activity of ADAMDECI is dispensable for the regulation of apical extrusion.
(a) Amino acid sequence alignment of the predicted active site (Ser351-Asn366) in human and dog
ADAMDECI. Red letters indicate the E353A substitution. X: less conserved residue; B: bulky hydrophobic
residue. (b) In vitro proteolytic activity assay of ADAMDEC1-WT and -E353A. The substrate a2 M protein was
incubated with ADAMDEC1-WT or -E353A, followed by SDS-PAGE and Coomassie Brilliant Blue protein
staining. The arrows indicate cleaved a2 M. (¢,d) Effect of addition of ADAMDECI1-WT or -E353A on apical
extrusion of RasV12-transformed cells surrounded by ADAMDECI -knockdown or control-shRNA-expressing
cells. MDCK-pTR GFP-RasV12 cells were cultured with MDCK, MDCK ADAMDECI1-shRNA1, -shRNA2 (c)
or control-shRNA (d) cells in the absence or presence of ADAMDEC1-WT or -E353A recombinant proteins,
and apical extrusion of RasV12 cells was quantified at 24 h after tetracycline addition. Data are mean & SD from
two independent experiments. “P < 0.05, unpaired Student’s ¢-test. N.S.; not significant.

neo + gfp ADAMDECI-shRNA1, -shRNA2, or control-shRNA using Lipofectamine 2000 (Invitrogen), followed
by antibiotic selection in the medium containing 800 g ml~! G418 (Life Technologies). To induce the expression
of GFP-RasV12, MDCK-pTR GFP-RasV12 cells were treated with 2 pg ml~! tetracycline (Sigma-Aldrich). Where
indicated, the NF-&B inhibitor CAPE (25 M, Santa Cruz Biotechnology) was added together with tetracycline.
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Figure 6. Knockdown of ADAMDECI suppresses filamin accumulation in normal cells and EPLIN
accumulation in RasV12-transformed cells at their interface. (a,b) MDCK-pTR GFP-RasV12 cells were co-
cultured with MDCK or MDCK ADAMDECI-shRNA1 cells. Cells were fixed at 16 h after tetracycline addition
and stained with anti-filamin antibody (red). (a) Confocal microscopic immunofluorescence images of filamin.
(b) Quantification of filamin accumulation. Data are mean £ SD from five independent experiments. (c,d)
MDCK-pTR GFP-RasV12 cells were co-cultured with MDCK or MDCK ADAMDECI-shRNA1 cells. Cells
were fixed at 16 h after tetracycline addition and stained with anti-EPLIN antibody (red) and Hoechst (blue).
(c) Confocal microscopic immunofluorescence images of EPLIN. (a,c) Scale bars, 10 um. (d) Quantification of
EPLIN accumulation. Data are mean + SD from three independent experiments. Values are expressed as ratios
relative to MDCK: RasV12 =50:1. P < 0.05, two-tailed Student’s ¢-test.

Stable Isotope Labeling with Amino Acids in Cell Culture. For SILAC labeling, cells were maintained
in DMEM minus L-Lysine and L-Arginine (Cambridge Isotope Laboratories) supplemented with 10% dialyzed
FCS and 1% penicillin/streptomycin (Gibco). Then, 50 ug ml~! of U-1*C6-'°N2 -L-lysine (Lys8) and 50 pg ml™*
of U-13C6-1°N4-L-arginine (Argl0) were added for “heavy” labeling, whereas 50 ug ml~! of U-?H4-L-lysine
(Lys4) and 50 ug ml™! of U-13C6-L-arginine (Arg6) were added for “medium” labeling. In addition, 200 pg ml™!
of L-proline (Sigma-Aldrich) was added to the culture medium to prevent arginine to proline conversion. After
two weeks of SILAC labeling, 1.0 x 10” medium-labeled MDCK cells and 1.0 x 10” medium-labeled MDCK-pTR
GFP-RasV12 cells were mixed and co-cultured in a 145-mm dish. On the other hand, heavy-labeled MDCK or
MDCK-pTR GFP-RasV12 cells were separately cultured in a 145-mm dish. The SILAC labeled cells were cultured
without tetracycline for 8-12h, and then treated with 2 pg ml ! tetracycline for 24 h. During the last 12h tetra-
cycline treatment, cells were cultured in FCS-free medium. The cell growth speed of normal or RasV12 cells was
not grossly affected by co-culture, and the total cell numbers were eventually comparable between the medium
and heavy SILAC culture conditions. The conditioned media were then collected and concentrated to 150 ul by
ultrafiltration using Amicon Ultra Centrifugal Filters 3 kDa (Millipore) according to manufacture’s instructions.
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SDS-PAGE and In-Gel Trypsin Digestion. The concentrated proteins were separated in SDS-PAGE and
stained with Flamingo™ Fluorescent Get Stain (Bio-Rad). Gels were sliced into 16-18 gel fractions, and each gel
piece was reduced with 10mM of DTT at 55 °C for 45 min, and then alkylated with 55 mM iodoacetamide at room
temperature in a dark for 30 min, and further incubated with 2 ug ml™! trypsin in 100 mM ammonium bicarbo-
nate at 37 °C for 16 h. After digestion, peptides were recovered and purified with StageTips®.

LC-MS/MS Analysis. In-gel tryptic peptides were analyzed with Q Exactive or Orbitrap Fusion mass spec-
trometer coupled with the U3000 nano-UHPLC system. Peptide mixtures were loaded onto C18 Acclaim PepMap
precolumn (Thermo Fisher Scientific) and separated by reversed-phase chromatography with a packed tip col-
umn (75-pm i.d., 12-cm long, 3-pum C18 particles, Nikkyo Technos) using a linear gradient of 4 to 35% acetoni-
trile in 0.1% formic acid for 108 min with a flow rate of 300 nl/min. The voltage applied to the nano-electrospray
source was 1.8kV, and mass spectra were obtained in a data-dependent acquisition mode. In the Q Exactive, full
scan MS spectra were acquired in a range from m/z 350 to 1,600 at resolution 70,000, and the 10 most intense ions
were sequentially selected and fragmented in HCD. In the Orbitrap Fusion, full scan MS spectra were acquired in
arange from m/z 350 to 1,600 at resolution 240,000, and the most intense ions within a 3-second cycle time were
sequentially subjected to HCD fragmentation and detected in ion-trap. Data analysis was performed in Proteome
Discoverer 1.4 software with the Mascot search engine. All MS/MS spectra were searched against the Uniprot
dog proteome database UP000002254 (downloaded at October 17, 2017). Peptide-spectrum matches (PSMs)
were validated using Percolator at a 1% false discovery rate and further filtered using a mascot ion score >20.
For SILAC quantification, medium/heavy ratio (M:H) was calculated by Proteome Discoverer 1.4, and proteins
that contain more than 5 SILAC peptides were listed. Data are available via ProteomeXChange repository with
identifier PXD008209.

Quantitative analysis of ADAMDEC1 by mass spectrometry. For label-free ADAMDECI quan-
titation using mass spectrometry, FCS-free conditioned media from monoculture of MDCK, monoculture of
RasV12-transformed cells, or 1:1 mixed culture of MDCK and RasV12 cells was collected and concentrated
as described before. Proteins were separated in SDS-PAGE, and the gels from the corresponding molecular
weight region of ADAMDECI were excised and subjected to in-gel trypsin digestion. Then, 100 fmol of sta-
ble isotope-labeled peptide standard for ADAMDEC!1 (SLNSPEQEDF["*C9,"*N]LQAEK) was spiked into each
sample and analyzed with the Orbitrap Fusion LC-MS system as described before. Protein identification was
performed in proteome discoverer, and MS1 full-scan filtering was performed in Skyline software (version 3.7)
by importing the result from proteome discoverer. The m/z of three precursor isotopes and retention time for
chromatogram extraction were determined according to the peptide identification information®'.

Quantitative Real-Time PCR (qRT-PCR). For monoculture or 1:1 mixed culture of RasV12 cells with
MDCK or MDCK ADAMDEC1-shRNAL cells, total 2 x 107 cells were seeded on collagen-coated 145-mm dishes.
Total RNAs were extracted from isolated cells with TRIzol™ (Thermo Fisher Scientific), purified using RNeasy
Mini Kit (QIAGEN), and reverse transcribed using QuantiTect Reverse Transcription Kit (QIAGEN). GeneAce
SYBR qPCR Mix (NIPPON GENE) was used to perform qPCR with the StepOnePlus™ system (Thermo Fisher
Scientific). In brief, PCR amplification of the targeted fragments was performed with 45 cycles of denaturation
at 95°C (305s), annealing and extension at 60 °C (30s). The primer sequences were as fellows. ADAMDECI:
5-TGCCGTTCACATTTTGAGAGATAC-3’ and 5'-CCTCACAGCAAGGATTGGAAC-3’; GAPDH:
5/-ATTCTATCCACGGCAAATCC-3' and 5-GGACTCCACAACATACTCAG-3'; B-actin: 5'-GGCACCCA
GCACAATGAAG-3" and 5'- ACAGTGAGGCCAGGATGGAG-3'. For data analysis, relative quantification anal-
ysis was performed using the comparative CT (2-2€T) method. For each sample, mRNA levels of ADAMDECI
were normalized to the GAPDH mRNA or (3-actin mRNA. The details of calculation processes are demonstrated
in Table S2. We have measured the amplification efficiency of each qPCR primer and confirmed that the amplifi-
cation efficiency is comparable between the three primers (90-100%).

Immunofluorescence. MDCK-pTR GFP-RasV12 cells were mixed with MDCK or MDCK
ADAMDECA1-shRNALI cells at a ratio of 1:50 and cultured on the collagen matrix. Type-I collagen (Cellmatrix
Type I-A) was obtained from Nitta Gelatin (Osaka, Japan) and neutralized on ice to a final concentration of
2mgml ! according to the manufacturer’s instructions. The mixture of cells was incubated for 8-12h until they
formed an epithelial monolayer, followed by tetracycline treatment for 16 h for analyses of accumulation of fil-
amin or EPLIN or 24h for those of apical extrusion. Cells were fixed with 4% paraformaldehyde in PBS and
permeabilized with 0.5% Triton X-100 in PBS, followed by blocking with 1% BSA in PBS. Primary or secondary
antibodies were incubated for 2h or 1h, respectively. Inmunofluorescence images were analyzed by the Olympus
FV1000 system and Olympus FV10-ASW software. Quantification of immunofluorescence intensity of filamin or
EPLIN was performed as previously described'*!*. For quantification of apical extrusion, more than 100 RasV12
cells were analyzed for each experimental condition. RasV12 cells that have been completely detached from the
basal matrix are defined as apically extruded cells.

Western Blotting. FCS-free-conditioned media from the indicated culture conditions were col-
lected as described before. Each conditioned medium was concentrated by Vivaspin 20 (GE healthcare) and
Amicon® Ultra 0.5 mL (Merck Millipore Ltd.) from 15 ml to 80l according to the manufacturer’s instructions.
Concentrated media were subjected to SDS-PAGE analysis, followed by western blotting with anti-ADAMDEC1
monoclonal antibody. Western blotting was performed as previously described®. Primary antibody was used at
1:250. Western blotting data were analyzed using ImageQuant LAS4010 (GE healthcare).
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Purification of Dog ADAMDEC1 Recombinant Proteins.  For collection of dog ADANDECI recom-
binant proteins, HEK293 cells were transfected with pCA10" dog ADAMDECI(WT or E353A)-MycHis using
polyethylenimine “MAX” (Polyscience) and cultured for 48 h. In the latter 24 h, cells were cultured in FCS-free
media. Secreted His-tagged ADAMDECI proteins were collected with Ni-NTA agarose (QIAGEN), followed by
purification through the PD-10 column using PBS as elution buffer (GE Healthcare). Protein concentration was
estimated by SDS-PAGE using BSA as standard control.

Proteolytic Activity Assay. Proteolytic activity assay was performed as previously described?. In brief,
0.9 pg ml~! of human plasma-derived a2 M was incubated with 100 ug ml~! of ADAMDECI-WT or -E353A pro-
teins for 65h at 37 °C. The result was visualized by SDS-PAGE, and cleavage of &2 M was observed by appearance
of ~85-kDa fragments.

Data Analyses. Unpaired or two-tailed Student’s ¢-tests were used to determine P-values for statistical anal-
yses. P < 0.05 was considered to be statistically significant.

Data Availability. The datasets generated and/or analyzed during the current study are available from the
corresponding author on reasonable request.
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