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Abstract We have already presented a two-dimensiortedrin—catenin complex induced by TPA, indicating that
cell motility assay using a highly metastatic variant (lcell—cell interactions were adjusted to suit cell migration,
10) of human rectal adenocarcinoma cell line RCM-1 meespective of the condition of cell-ECM adhesion, dur-
a motility model of tumour cells of epithelial origin. Inng TPA-induced cohort migration.
this model, L-10 cells showed locomotion as a coherent
sheet when stimulated with -tetradecanoylphorbol- Key words Cell motility - TPA - Tumour invasion -
13-acetate (TPA), and we called this type of movemdfibronectin - Carcinoma ce'ls
“cohort migration”. Electron and immunoelectron micro-
scopic study of the migrating cell sheets demonstrated
localized release from cell—cell adhesion only at the lointroduction
er portion of the cells with loss of E-cadherin immunore-
activity, and this change was associated with increaségration of cells is a basic biological phenomenon in
tyrosine phosphorylation of the E-cadherin—catenin coatevelopment, inflammatory reactions, immune respons-
plex, including B-catenin. Cell-extracellular matrixes, wound healing, and tumourigenesis. Cell motility in-
(ECM) interactions involved in this TPA-induced cohowtludes stationary motility, such as membrane ruffling
migration and their effect on tyrosine phosphorylation ahd pseudopodal extensions, and translocative motility
the E-cadherin-catenin complex have now been investhich is defined as net translocation of the whole cell
gated. L-10 cell cohort migration was almost completeind is a synonym for locomotion [10]. Translocation of
inhibited by addition of Arg-Gly-Asp (RGD) peptide incells occurs not only as a single-cell event but also en
to the medium, and thus RGD dependent. Cohort mignaasse. In developing embryos, for example, epithelial
tion was stimulated on type | and IV collagens, fibronecells migrate or rearrange collectively during branching
tin (FN)- and laminin-coated substratum, but was inhibirorphogenesis and mesodermal cells move as sheets of
ed by RGD only on FN-coated surface. By using incells during gastrulation and heart formation [45]. These
munofluorescent techniques, FN was demonstrated prabvements are termed “collective cell migration” or
erentially around migrating cells, and a protein synthesill sheet migration”. Neuronal precursor cells have
inhibitor, cycloheximide, inhibited the migration byalso been shown to move while maintaining cell—cell
about 75%. FN produced by L-10 cells were found to bentact with one another via zonula adherens-like mem-
mostly EDA+ FN when analysed by RT-PCR. Moreovebrane specializations, and this is referred as “chain mi-
anti-FN antibody, but not anti-vitronectin antibody, ingration” [24]. Even in vitro, the normal epidermal and
hibited the TPA-induced cohort migration almost conamniotic epithelial cells show cell sheet migration [44].
pletely. Thus, it was likely that L-10 cells produced FN In histopathological tumour sections, invasion by con-
themselves and moved on the FN substrate in an RGiDuous sheets or cords of tumour cells is more frequent-
dependent manner. However, stimulation of migration byseen than infiltration by single tumour cells [39]. Car-
type | collagen coating and inhibition by RGD treatmentnoma cells proliferate and form coherent cell nests,
did not affect the tyrosine phosphorylation of the E-camhaintaining cell-cell contact with one another, and this
- - mode of growth is also seen even at the invasion front. In
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tumour glands with dissociated small clusters of carcino- those previously reported for normal epithelial cell
ma cells [11, 17]. The latter feature has been called mievement [44]. By electron microscopic study of the
mour budding and is associated with a worse prognosigrating cell sheets we previously demonstrated that lo-
[11]. These observations suggest that groups or sheetsatized release from cell-cell adhesion occurred only at
carcinoma cells at the advancing edge might be abletiie lower portion of the cells, which allowed the cells to
move as a unit or dissociate from the primary site aedtend leading lamellae, while close cell-cell contacts
migrate within the host tissue as coherent aggregatesieimained at the upper portion of the cells [31]. On im-
both cases cells move together. We have called this typenoelectron microscopic analysis E-cadherin immuno-
of movement cohort migration [32, 33]. The demonstreeactivity was seen to be confined to the site of cell-cell
tion of migration of isolated V2 carcinoma cell aggreadhesion at the upper portion of migrating cells and lost
gates as units in vitro [7] and in vivo [39] has providest the lower portion, and this was associated with in-
support for the concept of cohort migration. Moreovesteased tyrosine phosphorylation of the E-cadherin—cat-
recently a time-lapse videomicroscopy and computer-asin complex, includin@-catenin [32].
sisted cell tracking study of primary neoplastic tissue ex- In this study, we intended to determine: what type of
plants placed in three-dimensional collagen gels showsdl-ECM adhesion, for example RGD-dependent or not,
that groups of clustered cells comprising 5 to more thaninvolved in TPA-induced L-10 cell cohort migration,
100 cells could detach from the primary tumour lesiavhich ECM protein(s) is (are) produced by cells as sub-
and migrate within the adjacent collagen matrix [9%trate for cell migration, and whether alterations in
Thus, we consider cohort migration to be a mode of caell-ECM adhesion can modulate cell—cell interaction by
cinoma cell movement, as well as single cell locomoticatering the phosphorylation levels of the E-cad-
However, it might be also possible in vivo that carcinterin—catenin complex. Cell motility assays in the pres-
ma cells invade as single cells and then form aggregaese of synthetic peptides of known cell-binding motifs
or glands secondarily. In any consideration of the mecliadicated that this L-10 cell cohort migration was RGD-
nisms involved in cohort migration, cell-substrate intedependent, and this RGD-dependency was also observed
actions are important as well as cell-cell interactiordyring migration on surfaces coated by FN but not other
since both are closely linked to the modification of tHeCM proteins examined. FN production by L-10 tumour
cytoskeleton, which leads to cell migration. cell themselves was demonstrated by immunocytochemi-

Fibronectin (FN) is known to play an important padal techniques and RT-PCR. Analysis of alternative
in cohort-type migration during development [4, 20] arsplicing of FN gene pretranscripts showed that FN ex-
to induce or enhance single cell locomotion of variopsessed by L-10 cells was mainly EDA+ and EDB-.
tumour cells in vitro [33, 46]. FNs from different sourceSreatment of cells with a protein synthesis inhibitor, cy-
are known to be slightly different with respect to suburdtoheximide, or anti-FN antibody effectively inhibited L-
sizes, and the heterogeneity arises mainly from alterd@- cell cohort migration, which strongly supported pre-
tive splicing of a primary transcript at three distinct refominant involvement of FN in the migration. Stimula-
gions termed EDA, EDB, and IIICS [36]. FN content ison of migration by type | collagen coating and inhibi-
increased in various tumour tissues, and FN expressetian by RGD treatment did not affect the tyrosine phos-
fetal and tumour tissues contains a greater percentagphafrylation of the E-cadherin—catenin complex induced
EDA and EDB segments than that expressed in norrhgl TPA, indicating that cell-cell interactions were ad-
adult tissues [6, 12, 18, 23, 35, 42]. The enhancing acfivsted to suit cell migration, irrespective of the condition
ity of the EDA segment in cell adhesion and motiltiy hag cellFECM adhesion, during TPA-induced cohort mi-
recently been clearly demonstrated [26]. gration.

Previously we reported that an enhanced ability to in-
vade Matrigel upon stimulation with 1Q-tetradecanoyl-
phorbol-13-acetate (TPA) was one of the major prop@laterials and methods
ties of a highly metastatic variant (L-10) of the human
colon adenocarcinoma cell line RCM-1 [22]. This TPASynthetic peptides, Gly-Arg-Gly-Asp-Ser (GRGDS), Gly-Arg-
enhanced invasion of Matrigel was associated with a )ES:SJ-T%FE’VYGOE (SrFér?aEsig)fro nilngeliogl)(/-sgfr?gg-ﬁsg;fi}riP;?] J
m‘?”t"?‘“on of ceII_r_notlllty bUt. not metaIIOprOte!nase aeI(’::iminin peﬁtapeptirc)ie Tyr-lle-Gly-Ser-Arg (YIGSR) gfrc’)m Pep’tide
tivity in the conditioned medium [29]. To elucidate thgsiitte (Osaka, Japan). Human FN and EHS mouse tumour lami-
mechanism of this enhanced L-10 cell motility we usecthia were obtained from Becton Dickinson Labware (Bedford,
simple Lab-Tek chamber motility assay [30], in whichass.), and type | and IV collagens from Koken (Tokyo, Japan)
TPA-stimulated L-10 cells showed characteristic mognd Nitta Gelatin (Osaka, Japan), respectively. TPA, cyclohexim-
phology: the cells moved outwards from the cell islan§j§‘ L-azetidine-2-carboxylic acid (LACA), and tunicamycin were

. - rchased from Sigma (St. Louis, Mo.).
mainly as a localized coherent sheet of cells. The cells atrpa was dissolved in absolute ethanol, and tunicamycin was

the edges of the migrating cell sheets showed fan-shagiesblved in dimethyl sulfoxide (DMSO). Other reagents were dis-
leading lamellae, and the following cells had cell contag&ved in water or saline. The final concentrations of ethanol and

; ; SO in the culture medium were 0.001-0.005% and
with one another. Thus, TPA treatment clearly induc :0001-0.003%, respectively, and at these concentrations the sol-

cohort migration of L-10 cells in vitro. These morphQsents alone had no injurious effects on the cells or any detectable
logical characteristics of L-10 cell movement are similaffects on cell motility.
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A highly metastatic subline of human colon adenocarcinoma For the reverse-transcription / polymerase chain reaction (RT-
metastatic to the liver (L-10) was obtained by in vivo selection RCR), total RNA was extracted from cultured L-10 tumour cells
nude mice as previously described [19, 27]. The cells were maamd fibroblasts using Trizol (Gibco BRL, Grand Island, N.Y.) and
tained as monolayer culture in growth medium (GM), a 1:1 mixreverse-transcribed using random hexamer primers. The enzymatic
ture of RPMI 1640 and Ham'’s F-12 (Nissui Seiyaku, Tokyo, Jeeaction was performed in 20 reaction mixture containing fig
pan) supplemented with 5% FC&;glutamine (746 pug/ml), total RNA, 75 mM KCI, 50 mM Tris-HCI, pH 8.3, 3 mM Mgg&l
25 mM N-2-hydroxyethyl piperazine*-2-ethane sulfonic acid 1 mM each dNTP, 200 pmol of hexamers, 200 U of M-MLV re-
(HEPES), streptomycin (90g/ml) and penicillin G (9Qug/ml), verse transcriptase (Gibco), 1W/of ribonuclease inhibitor (Ta-
pH 7.35. The cultures were passaged following incubation witara, Tokyo, Japan), and 1 mM dithiothreitol, at 37°C for 1 h and
0.125% trypsin and 0.5 mM EDTA at a split ratio of 1:2. heated at 95°C for 10 min.

Assays of cell motility were done as previously described [30] PCR and analysis of alternative splicing of FN pre-mRNA at
with some modifications. L-10 cells (1.5%16ells / 0.4 ml GM) EDA and EDB regions were performed as described elsewhere
were seeded into compartments of a Lab-Tek tissue culture ch@lh,; 25] with some modifications. RT product ({8 was diluted
ber slide (Nunc, Naperville, Ill.) and allowed to attach for 24 h atith PCR buffer (50 mM KCI, 10 mM Tris-HCI, pH 8.3, 1.5 mM
standard culture conditions (37°C, 5% £i@ air, 100% humidi- MgCl,, 0.001 (W/V) gelatin) to give a final volume of 18,
ty). L-10 cells formed interlinked and piled-up cell islands on thehich contained 15 pmol of primer pairs and 0.375 unit of Ampli
tissue culture glass substrate of the Lab-Tek chamber slide. Ty DNA polymerase (Takara). PCR was run in a thermocycler
the cells were rinsed with serum-free (SF) media three times &Rdrkin Elmer Cetus, Norwalk, Conn.) using cycles consisting of
exposed to test medium (SFGM/0.1% BSA with or without TPAenaturation at 94°C for 1 min, annealing at 55°C for 2 min, and
10 ng/ml) for various times up to 24 h. TPA stimulated the cells éxtension at 72°C for 2 min.
migrate outwards from the cell islands into interisland spaces. For semi-quantitative RT-PCR, since the amounts of PCR
Since the migrated cells did not overlap one another but form@dducts for FN linearly increased between 20 and 30 cycles, the
coherent cell sheets one cell thick, quantitation was done dyplicate products of each of 25 and 30 cycles were electrophore-
counting their number in 10 randomly selected high-power fielded on 1.5% agarose gel and stained with ethidium bromide. The
(x400) after the cells were fixed with 3.7% formaldehyde in PBSained bands were subjected to densitometric analysis. For inter-
and stained with haematoxylin. All experiments were performedl control, glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
in duplicate and repeated three times. Means and standard em@®&NA was amplified by using the same RNA samples and analy-
of the mean were calculated and statistical differences were anabd in the same manner. The relative abundance of mRNA for FN
sed using Studenttstest for nonpaired samples. was expressed as a ratio of the integrated absorbance of the test

In experiments with ECM protein-derived peptides, cells weband to that of the corresponding GAPDH band.
preincubated with the peptides for 30 min at 37°C, and migration A primer pair, HA1 (antisense,-AGAGCATAGACACTC-
was induced for 5 h in the presence of both TPA and the peptideSCTTCATATTT-3') and HA2 (sense, "AAACAGAAATG

In experiments with reagents inhibiting protein synthesis AICTATTGAAGGCTTG-3), was used to amplify the EDA region
glycosylation, cells were preincubated with the reagents for 2 hofithuman FN [25]. HA1 and HA2 are present in exon,ldnd
37°C prior to TPA addition. Twenty-four-hour incubation was thelfl ;; of the FN gene, respectively. Another pair, HB1 (antisense,
performed in the presence of both TPA and the reagents. 5'-TAATATCAGAAAAGTCAATGCCAGTTG-3') and HB2 (sense,

In experiments with anti-FN (Oncogene Science, Unionda;ATTACTGGT-TATAGAATTACCACAACC-3') was used to am-
N.Y.) or anti-vitronectin (VN) (Boehringer Mannheim, Germanyyplify the EDB region of human FN [25]. HB1 and HB2 are present
mouse monoclonal antibodies (mAb), cells were added to Lab-Trkexons 1P and 117 of the FN gene, respectively. Amplification
chambers in SF-ITS medium: serum-free growth medium (SFGMWF) the correct sequence was confirmed by the size of PCR prod-
supplemented with insulin—transferrin—selenium (ITS): (5 ng/mkts and also by nested PCR using internal primer pairs. The se-
Na,SeQ,, 5 pg/ml insulin, 5pg/ml transferrin) premix (Collabora- quences of forward and reverse primers for GAPDH wére 5
tive Research, Bedford, Mass.), triiodothyronine (5x10-10 M; SiGTGAAGGTCGGAGTCAACG-3 and 3-GGTGAAGACGCC
ma) and retinoic acid (10-9 M; Sigma). The attached cells weA& TGGACTC-3. This PCR product of GAPDH was 300 bp.
preincubated with the antibodies for 5 h at 37°C prior to TPA ad- Detection of phosphorylation was performed according to Be-
dition. Sixteen-hour incubation was performed in the presencehoéns et al. [3] with some modifications. After cell motility was
both TPA and the antibodies. induced for varying times with TPA treatment, cells were lysed in

To assess the effect of ECM proteins on TPA-induced L-10 cefinionic detergent buffer (1% Triton X-100, 2 mM CaQ mM
cohort migration, the glass substrate of each compartment ofPBASF, 20pug/ml leupeptin, and a phosphatase inhibitor 1 mM
well Lab-Tek chamber slides was coated with 20@f 1 ug/ml  Na;VO, (Sigma) in PBS). The protein concentrations of the cell
type | collagen, type IV collagen, laminin or FN at 4°C overniglysates were determined by the Bradford assay (Bio-Rad). Ali-
(16 h). Diffuse coating was confirmed by protein staining. Usirguots of 200ug of total cell proteins in 30Q were incubated
these coated chamber slides, L-10 cell migration was determiméth 6 ug HECD-1 overnight at 4°C, followed by the addition of
as described above, but migration was induced for only 1 h Reg4g rabbit anti-mouse IgG (MBL) and protein A-Sepharose. The
cause ECM proteins stimulated the migration very effectively. pellet was collected by centrifugation, washed three times with de-

After cell motility assays were done in SF-ITS medium faergent buffer, dissolved in SDS sample buffer, and immediately
16 h as described above, the cells were immunostained after fabjected to electrophoresis. Immunoblot analysis with anti-pho-
tion with 2% paraformaldehyde in 0.1 M phosphate buffer (PBphotyrosine mAb (BioMakor) was done as described [32]. Che-
for 30 min at 4°C. They were then washed twice in cold phasiluminescence reagent (DuPont NEN, Boston, Mass.) was used
phate-buffered saline (PBS), treated with 0.1% Triton X-100 fo visualize the labelled protein bands according to the manufac-
PBS for another 30 min at 4°C, and incubated with 10% normater’s instructions. The same membrane was re-probed with anti-
goat serum (Cedarlane Laboratories, Horuby, Canada), 1% Bi8Anan E-cadherin mAb (HECD-1, Takara, Tokyo, Japan).

(Sigma) and 0.025% Thimerosal (Sigma) in PBS for 1 h at room

temperature (RT) to block nonspecific binding sites. They were

subsequently incubated with mAb against human type | and V cgt=

lagens (Fuji Chemical Industries, Takaoka, Japan), human panﬂ?@“lts

(reactive with both plasma and cellular FN; BioMakor, Kiryat

Weitzmann, Israel), human laminin (BioMakor), and vitronectiio investigate the cell-ECM interaction involved in TPA-

(Boefringer Mannheim), which were diuted with the abovaduced L-10 cell cohort migration, assays were done in
ocking solution, for a . The cells were then washe ; ; hindi

PBS, and incubated with anti-mouse IgG goat Fab’ conjuga presence of synthetic peptides of k”OW” cell-binding

FITC (Tago, Burlingame, Calif.) for 1 h at RT. After rinsing ifnotifs. With TPA treatment, L-10 cells migrated out as

PBS, the cells were immediately viewed and photographed.  localized flat cell sheets at intervals along the margin of




Fig. 1A-D Phase-contrast microscopy of TPA-induced cohort minent, however, migration was markedly stimulated com-
gration of L-10 cells with or without treatment with RGD-contalnpared with noncoated controls: type | and IV collagens

ing peptidesA L-10 cells mainly form piled-up cell islands with- _,: ; . ;
out TPA treatment, whil8 the cells migrate outwards as localize timulated by about 4.5 times, laminin by 3.6 times and

coherent cell sheets at intervals along the margins of the cellhid) by 2.5 times. o )
lands.C In the presence of GRGDS (50@/ml) this TPA-induced Next, effects of RGD-containing peptides on cohort

gogggénpigrati?_g is(gan(;g/St lgl?jmmete'%/ iﬂhibittﬁd’-mjh-tg-(f Comfffo' tmigration on ECM protein-coated substrates were exam-
pepice m) does not show the Innibitory efleClineq GRGDS and GRGDTP inhibited cohort migration
Cells were photographed at a magnification of «25 on FN effectively by more than 90%, while only slight
inhibition, around 10-15%, was obtained on type | and
piled-up cell islands (Fig. 1B), while the cells remained collagens and laminin (Fig. 4). YIGSR did not show
piled up within the islands without TPA (Fig. 1A). Thisffective inhibition even on laminin.
cell locomotion as coherent cell sheets (cohort migra-Since RGD-containing peptides effectively inhibited
tion) was inhibited by co-treatment with RGD-contaircohort migration on both noncoated and FN-coated sub-
ing peptides (Fig. 1C) but not the control RGE-contaistrates, involvement of FN in cohort migration even on
ing peptide (Fig. 1D). Dose responses of this inhibitidhe noncoated substrate was considered. To explore this
of migration by peptides are shown in Fig. 2. RGD-copessibility, ECM protein production was examined by
taining peptides, GRGDS and GRGDTP, inhibited cohammunofluorescent staining. Weak FN staining was seen
migration by 65-85% at 50g/ml, 85-92% at 25Qg/ml in L-10 cell cytoplasm, with accentuation along the cell
and 92-94% at 50Qg/ml, while YIGSR and GRGESPborders in nontreated piled-up cell islands (Fig. 5A).
caused almost no inhibition. With TPA treatment, FN was demonstrated preferentially
Modulation of cohort migration by ECM proteins was the migrating cells, diffusely in their cytoplasm or as
assessed by running assays on the glass substrate cdatelike staining at the perinuclear region and leading
with type | and IV collagens, laminin and FN (Fig. 3). ledge-like expanded cytoplasm (Fig. 5B, C). Laminin was
these assays, since the cells formed less piled-up, flattsen along the cell borders even after TPA treatment
islands on the coated substrate and migration was stirfitig. 5D). Collagen type V was observed very faintly in
lated very effectively and quickly after TPA addition, tha similar pattern to laminin (data not shown). Type | col-
migration was performed for only 1 h. Even without TPRgen and VN could not be detected with this technique
treatment there was slight migration. With TPA treafdata not shown).
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To confirm the production of FN by L-10 cells, RT-
PCR was performed. In addition, alternative splicing at
the EDA and EDB regions was examined, since both
EDA and EDB regions of FN were reported to be in-
creased in tumours, wound-healing sites and embryonal
tissue, where cell migration frequently occurs [6, 8, 12,
18, 23, 35, 42]. At the EDA region, in both the presence
and the absence of TPA, it was predominantly the 604-bp
product of EDA-containing FN (EDA+ FN) that was ex-
pressed, and the 334-bp product of FN that lacks EDA
(EDA- FN) was barely seen (Fig. 6A, lanes 2, 3). How-
ever, at the EDB region, the 502-bp product of EDB— FN
was produced preferentially, and the 775-bp product of
Fig. 2 Inhibition of TPA-induced cohort migration by RGD-con-EDB+ FN was barely seen (Fig. 6B, lanes 2, 3). Thus,

taining peptides. After piled-up cell islands of L-10 cells we - i i
formed for 24 h at 37°C, cells were preincubated with GRGD:EN was eXpressed by L-10 cells, and this FN was mamly

100 A

50

Cell Motility (% control)

0

T T T T
0 50 250 500 pg/ml

! . DA+ and EDB-. In addition, semi-quantification using
GRGDTP, GRGESP and YIGSR peptides for 30 min followed . !
induction of migration for 5 h in the presence of both TPEelative abundance of EDA+ FN and EDB- FN bands
(10 ng/ml) and the peptides. The control value was 114.7+6c@mpared to corresponding GAPDH bands (data not

Values are means and standard errors of the mean shown; see Materials and methods) showed that TPA
treatment increased expressions of EDA+ FN and EDB-
100 FN about 1.3- and 1.6-fold, respectively.
EIE? 8 Since an involvement of FN produced by L-10 cells in

cohort migration was inferred from these results, the ef-
fect of reagents inhibiting protein synthesis or glycosyla-
tion on cohort migration was examined. A protein syn-

thesis inhibitor, cycloheximide, inhibited cohort migra-

50 - tion by 76.6%, andN-glycosylation inhibitor, tunicamy-
cin, inhibited the migration by 66.9% (Table 1). Since it
is reported that continual synthesis of collagen is neces-
sary for epidermal cell movement and this movement is
inhibited by proline analogue LACA [38], the effect of
LACA on L-10 cell migration was also examined. How-

0 ,—. | | | | ever, no inhibition was observed with LACA treatment.

Non- Type | Type IV Laminin  Fibronectin To investigate the possibility that FN produced by L-

coated  collagen  collagen 10 cells is required for cohort migration further the as-

says were run in the presence of anti-FN mAb, which

Fig. 3 Enhancement of TPA-induced cohort migration by coatggcognizes the central domain of FN and thus inhibits

ECM proteins. The glass substrate of Lab-Tek chamber slides : :
coated with 1ug/ml type | and IV collagens, laminin and FN aggﬁ adhesion to FN [28]. In these experiments, cells

described in Materials and methods. Migration was assessed in#@fe€ added to Lab-Tek chambers in SF-ITS medium to
presence and absence of TPA for 1 h avoid the contribution of serum-derived FN as well as

Cell motility (cells/HPF)

Fig. 4 Inhibition of cohort mi- Fibronectin Laminin
gration on ECM protein-coated
substrates by RGD-containing
peptides. The assays were run
on ECM protein-coated sub-
strates as described in Fig. 3,
but cells were treated with
500pug/ml peptides as in Fig. 2.
The control values were
56.5+2.5, 68.8+2.5, 74.5£3.0, e R B
70.2+2.1 for FN, laminin, type

I and IV collagens, respective- Type | Collagen Type IV Collagen
ly. Values are means and stan- 1004 — 1004 — e
dard errors of the men

1004 — 1004 — —

50 1

Cell motility (% control)
ul
o
Il

50 50

Cell motility (% control)

O T T T O T T T
TPA GRGDS GRGDTP GRGESP YIGSR TPA GRGDS GRGDTP GRGESP YIGSR
alone alone
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Fig. 5A-D Immunofluorescent microscopy of L-10 cells duringordersB With TPA treatment, FN is demonstrated more intense-
cohort migration. Cells in SF-ITS medium were added to ealshpredominantly in migrating cell< In a higher magnification,
well of Lab-Tek chamber slides and incubated for 24 h, followetbt-like staining of FN is seen in the perinuclear region or expand-
by induction of migration for 16 h and immunofluorescent staird leading edge® Laminin is demonstrated along the cell bor-
ing. A Without TPA treatment, piled-up cell islands show weatters even in migrating cell sheets. Original magnificationg, D
cytoplasmic staining of FN with some accentuation along the cell00,C x250, exposure timB 4 sA,C,D 8 ¢

(A) (B)
bp
1000
700 —

500 —

400 =
300

200

1 2 3 4 5

Fig. 6A, B Demonstration of FN expression in L-10 cells by RTfable 1 Effect of protein synthesis or glycosylation inhibitors
PCR. Alternative splicing at the EDAAJ and EDB B) regions LACAL-azetidine-2-carboxylic ac'i
was determined as decribed in Materials and methods. Lane 5 st

A andB demonstrate the products of alternative splicing expressikgent Cell motility (% control)
in fibroblasts as positive controls: bands at 604, 334, 775 and

502 bp correspond to EDA+FN, EDA-FN, EDB+FN andNone (TPA alone) 100.0

EDB-FN, respectively. In both presendang 3 and absence Cycloheximide (Iug/ml) 23.4+58

(lane 2 of TPA, L-10 cells expressed mainly EDA+FN (604 bp)ACA (10 ug/ml) 115.0+9.7

and EDB-FN (502 bp) productsanes land4, molecular weight Tunicamycin (1ug/ml) 33.1+£6.9

markers:



249

possible, and then pretreated with antibodies for 5 h pri-
or to the induction of motility to capture and block any
FN that might have been secreted by cells during over-
night incubation [14]. Without TPA treatment, cells re-
" mained nonmotile as piled-up islands with smooth con-
tours (Fig. 7A), while TPA treatment stimulated cell
movement in sheets (Fig. 7B). In the presence of anti-FN
mADb, the induction of cell movement by TPA was great-
ly inhibited (Fig. 7C). It seemed as if the cells were try-
ing to migrate from the islands but they could not move
any further; hence, the islands showed irregular contours
owing to the small numbers of cells that had migrated. In
addition, the effect of anti-VN mAb, which is known to
inhibit cellular binding to VN [13], was examined, since

) - o _ VN is included in serum and promotes cell adhesion and
Fig. 7A-E Inhibition of cohort migration by anti-FN but not anti-

VN antibodies. L-10 cells forming piled-up cell islands were pre- otility in an RG_D-(_ie_pendent manner in }/I'[I’O'[l]. Antl-
treated with anti-FN mAbQ), anti-VN mAb @) and control I9G N mADb did not inhibit L-10 cell cohort migration at all
(E) for 5 h and then migration was induced for 16 h with TPAFig. 7D). Treatment with normal IgGalso showed no
treatment in the presence of the above antibodies. Without @nliibition (Fig. 7E). Quantitative analysis of these exper-

treatment, cells remain piled-up with few migrating cels),( jments is shown in Table 2. Anti-FN mAb treatment in-
while treatment with TPA alone induced cell spreading and migr,

e : : iviae Jibited cell th imately 95%, while th
tion in sheetsK). This TPA-induced cohort migration is also seehI lied cell movement by approximately o, while the
even in the presence of anti-VN mAB)(or IgG; (E). However, in €ffect of anti-VN mAb was negligible.

the presence of anti-FN mAb the migrating cell sheet formation is We proposed earlier that in this TPA-induced cohort

almost completely inhibitedQ). Only a few migrated cells are migration cells were released from cell-cell adhesion on-
se?_n at th(leoperlphery of the piled-up cell islands. Original magnR)l— at the lower portion of the cells, via phosphorylation
cations, x10"¥ ] . ! .

of the E-cadherin—catenin complex. This change allowed
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Table 2 Effect of anti-FN and VN antibodies on TPA-induced kDa |,

L-10 cell cohort migratio

Agent added Cell motility (cells / HPF)

None 1.0+0.1

TPA alone 445+ 4.4

TPA + 1gG, 51.4+1.3

TPA + anti-FN Ab 2.8+0.3

TPA + anti-VN Ab 495+2.8
kDa

T -
105m== Py 4

87 =4 '
79

p-Tyr

i

— -
1 2 3

E-cadherin
no TPA TPA
treatment  alone +

type I collagen

Fig. 9 Effect of type | collagen coating on tyrosine phosphoryla-
tion of the E-cadherin-catenin complex. After cell motility assay
was run withoutl@ne 1) or with TPA treatment on the glass sub-
strate [ane 2 or type | collagen-coated substratang 3, cells
were treated as described in Fig. 8. &mow indicates the bands
corresponding to E-cadherin (124 kDa). The bands at 87 and
79 kDa correspond to the mobility ¢ and y-catenins, respec-
tively. The same blot as used for phosphotyrosine detection was

reprobed with HECD-1Hottom indicated by E-cadherin), shown
as control for applied protein contents

E-cadherin *P”b -

1 2 3 4 inhibited TPA-induced migration almost completely, did
no TPA TPA TPA not noticeably decrease the levels of tyrosine phosphory-
treatment  alone + + lation of B-catenin compared with those of cells treated
GRGDS  GRGESP

with TPA alone or with TPA and GRGESP (Fig. 8, lanes
Fig. 8 Effect of RGD/RGE peptides on tyrosine phosphorylatiod—4). For experiments with ECM protein coating type |
of the E-cadherin-catenin complex. After the motility assay waellagen was used, since it enhanced TPA-induced co-
run without any treatmentape 1) or in the presence of TPA alonehort migration most effectively (Fig. 3). Tyrosine phos-

(lane 2, TPA and the GRGDS peptidéafe 3 or TPA and the ; _ ; ;
GRGESP peptidelgne 4, the cells were lysed and subjected tghorylatlon off-catenin was induced by TPA treatment,

immunoprecipitation with HECD-1. The immunoprecipitates wef@ both noncoated and type | collagen-coated substrates
subjected to immunoblotting with an antiphosphotyrosine mAb @@mpared with negative control (Fig. 9). However, the

described. Ararrow indicates the bands corresponding to E-Ca%rhosphorylation level on the type | collagen-coated sub-

herin (124 kDa). The bands at 105, 87 and 79 KDa corresponGipate \was not increased compared with that on the non-
the mobility ofa-, B- andy-catenins, respectively. The same blo

as used for phosphotyrosine detection was reprobed with HEC§92ated substrate (Fig. 9, lanes 2 and 3).
(bottom indicated by E-cadherin), shown as control for applied
protein contents

Discussion

the cells to extend leading lamellae and thus move We have investigated the cell-substrate interactions in-
gether as coherent sheets [32]. In this study, this cohaived in TPA-induced cohort migration of carcinoma
migration was inhibited by RGD peptides and enhanceells and the possibility of cross-talk between cell—cell
in the presence of coated ECM proteins. Thus, we invagsd cell-substrate interactions. The results suggest that
tigated whether these modulations of cell-ECM interdc-10 cells produce FN and deposit it into pericellular
tions could cause alterations of the tyrosine phosphoryd@aces and that this enables cells to move in a RGD-de-
tion levels of the E-cadherin—catenin complex: for exapendent manner when stimulated. The presence of exog-
ple, whether the phosphorylation levels were decreasgwusly added ECM proteins, such as type | and IV col-
by RGD peptide treatment and whether they were iagens, laminin, and FN, also stimulates TPA-induced
creased during enhanced migration on ECM protecehort migration. However, stimulation of migration by
coated substrates. After motility assays were run, cditpe | collagen-coating and inhibition by RGD treatment
were subjected to immunoprecipitation using an anti-fid not affect the tyrosine phosphorylation of the E-cad-
cadherin antibody followed by immunoblotting with amerin—catenin complex induced by TPA, indicating that
anti-phosphotyrosine antibody (Figs. 8, 9). The band call—cell interactions were adjusted to suit cell migration,
124 kDa (arrows) was E-cadherin, which was confirmédespective of the condition of cell-ECM adhesion, dur-
by reprobing with HECD-1. The bands at 105, 87 aiay TPA-induced cohort migration.

79 kDa correspond ta-, B- andy-catenin, respectively, In the cohort-type migration that occurs during devel-
as described [5, 28]. With TPA treatment, irrespective gbment, FN also has an important role. During sea ur-
peptide treatment, the band at 87 kD@-cétenin) chin and amphibian gastrulation, the primary mesoder-
showed increased tyrosine phosphorylation comparedrtal cells, once inside the blastocoele, appear to move
negative control (Fig. 8). Treatment with GRGDS, whiatollectively along the path lined with FN [4, 20]. An in-
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jection of RGD-containing peptides completely blocksons of integrins were available on L-10 cells besides
this migration. It has been speculated that this direce@®B1 since these migrations were not RGD dependent.
movement may result from a haptotactic response Tdfis enhancement of migration by coated substrates may
each cell to the FN gradient, a model derived from ahd partly due to shortening of the lag time that is other-
supported by experiments with individual cells in culvise necessary for L-10 cells to synthesize and deposit
ture. However, another attractive model has been pFiN prior to migration. Requirement of type V collagen
posed recently [45]. During heart formation, since FN $gnthesis for epidermal outgrowth at the wounded edge,
arrayed as a localized patch rather than a gradient omhich include cell movement as continuous sheets, is re-
front cells of collectively migrating precardiac mesodeported in organ cultures [38]. This was not the case in
mal cells attach effectively to FN. Thus adhered, th&ur model: type V collagen production was barely seen
cytoskeletal contractile activity generates force, whiddy immunofluorescent microscopy and migration was
propagates throughout the migrating cell layer and effiet inhibited by proline analogue LACA. More recently
ciently pulls them in the proper direction. In this modelt, has been shown that at the wounded edge of monolay-
cell-cell adhesion plays a part in directional movemesets of pancreatic carcinoma cells they deposit laminin-5
In our cohort migration model in vitro, electron microand migrate on the laminin-5-containing newly deposited
scopic study suggests that not only the front cells lgsement membrane [41]. In our study, only the effect of
also the following cells are actively moving [31]. SincEHS laminin (laminin-1) was examined. Since cohort
cell-cell adhesion is also maintained during this L-Ifigration on noncoated substrates was RGD-dependent
cell cohort migration, however, the above mechanismhile that on the EHS laminin-coated substrate was not
proposed by Wienst [45] could be in force when cekidfectively inhibited by RGD peptides, EHS laminin was
come across a localized patch of FN. considered not to be the major matrix protein working in
Increased FN content in various tumour tissues Had0 cell cohort migration, in spite of its production by
been reported, and FN expressed in fetal and tumour tiggrating cells. Modulation of FN-supported L-10 cell
sues contains a greater percentage of EDA and EDB smgjiort migration by laminins cannot be excluded com-
ments than that expressed in normal adult tissues [6, di2fely, and this is now under investigation in our labora-
18, 23, 35, 42]. Very recently Manabe et al. [26] clearigry.
showed the enhancing activity of the EDA segment in The E-cadherin—catenin complex has an important
cell adhesion and motility: recombinant FNs containirgle in cell-cell adhesion. The catenins [including3-,
the EDA segment were approximately twice as potentyagplakoglobin) and pl128s catenins] complex with E-
those lacking EDA in their abilities to promote cell adheadherin via its specific cytoplasmic binding domain,
sion and migration, irrespective of the presence or amnd this complex formation mediates the linkage of E-
sence of another domain, EDB. Since this activity weadherin to the actin cytoskeleton and is thus essential
abolished by antibodies against integuii-and 1 sub- for E-cadherin to express its full adhesive function [43].
units and by RGD-containing peptides, the EDA segméliis E-cadherin—catenin complex-based cell—-cell adhe-
seemed to enhance the cell-adhesive activity of FN &ign is possibly regulated or altered via transient down-
potentiating the interaction of FN with integrirb31. In regulation of the expression, proteolysis, mutations in
the present study, FN expressed by L-10 cells was mdlre genes, inappropriate expression of a nonepithelial
ly EDA+ and EDB-. This seems suitable for carcinontadherin (N-cadherin) instead of E-cadherin, binding to
cell migration from the above report. Since L-10 cell c&cadherin of p12@s which cannot bind tax-catenin
hort migration was RGD-dependent and integrimnd thus actin filaments, and tyrosine phosphorylation
o5B1was expressed in L-10 cells (data not shown), int2; 16, 21, 37, 40]. The tyrosine phosphorylation mecha-
action of L-10 cells with FN via integria531 during nism has been studied in most detail. Specific proto-on-
cohort migration is assumed. The enhancement of migcagenic tyrosine kinases of thec-family (c-yes and
tion by precoated FN was relatively low; this might besrc) are enriched to work as signal mediators in the ad-
due to the use of EDA- and EDB- plasma FN. Use legrens junction [43], and the elevation of tyrosine phos-
EDA+ FN may enhance migration more, as describptorylation at the adherens junction induces its disas-
above [26]. As for the cellular source of increased FN sembly. The cadherin-associated proteins, espedally
tumour tissues, apart from tumour cells [35] there migtatenin, are candidates for the specific substrates of the
be participation of host fibroblasts somehow stimulatedbove tyrosine kinases. We previously showed the asso-
by carcinoma cells [15]. In vivo, EDA+ FN produced bgiation of localized release from cell-cell adhesion at the
carcinoma cells and/or carcinoma-associated fibroblastwer portion of cells and increased tyrosine phosphory-
might be deposited on pre-existing ECM componengion of the E-cadherin—catenin complex, including
and modulate their adhesiveness to make them suitdgbatenin, during TPA-induced L-10 cell cohort migra-
for cell migration. This process is very interesting, btibn [32]. In the present study, this phosphorylation level
could not be assessed in our in vitro assays becausef@-catenin was modulated by none of type | collagen
the very short assay time (1 h) on precoated substratesoating, which promoted migration and treatment with
ECM proteins other than FN, such as type | and RGD-containing peptides, which inhibited migration.
collagens and laminin, also enhanced TPA-induced ddys may suggest that the phosphorylation level induced
hort migration, indicating that several different combindy TPA was enough even for cell dissociation at the low-
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er portion of cells during cohort migration enhanced by clusters in mesenchymal and epithelial cancer explants in vit-
type | collagen coating. Nevertheless, the phosphorya-o- Cancer Res 55:4557-4560 . .

: . . . Haemmerli G (1985) Principles of cell motility and their mor-
thn of B-catenin alone did nOF lead t.o cell moveme phologic manifestations. Exp Biol Med 10:89-117

without successful cell-ECM interactions. The E-cadi. Hase K, Shatney C, Johnson D, Trollope M, Vierra M (1993)
herin—catenin complex was set ready to dissociate byPrognostic value of tumour “budding” in patients with colo-
TPA treatment, irrespective of the condition of cell-ECM_ rectal cancer. Dis Colon Rectum 36:627—635

: : _ : - . Hauptmann S, Zardi L, Siri A, Carnemolla B, Borsi L,
interaction. Thus, cell—cell interaction seems to be . Castellucci M, Klosterhalfen B, Hartung P, Weis J, Stocker G,

justed independently in a manner permissive to cell mi- jaubeck HD, Kirkpatrick J (1995) Extracellular matrix pro-
gration during TPA-induced cohort migration. teins in colorectal carcinomas. Expression of tenascin and fi-
We believe that our cohort migration model has some bronectin isoforms. Lab Invest 73:172-182 _
relevance to the epithelial or carcinoma cell movementl Hayman EG, P'erschba‘;her MD, Ohgren Y, Rouslahti hE
vivo, because of morphological similarities [32, 33, 44] (1983) Serum spreading factor (vitronectin) is present at the
, _ p 9 » 99, 44]. cell surface and in tissues. Proc Natl Acad Sci USA 80:
Recently it was shown that not only TPA but also hepa- 4003-4007
tocyte growth factor/scatter factor (HGF/SF) induced c4. Hembry RM, Murphy G, Reynolds JJ (1985) Immunolocaliza-
hort migration of L-10 cells and HGF/SF also caused tion of tissue inhibitor of metalloproteinases (TIMP) in human
this cohort type migration in several other human colon cells. Characterization and use of a specific antiserum. J Cell

) . ! - Sci 73:105-119
carcinoma cell lines [34]. These lines of evidence al$g, |noue T, Nabeshima K, Shimao Y, Kataoka H, Koono M

support the relevance of our model.

Acknowledgements This work was supported in part by a Grant-
in-Aid for Exploratory Research from the Ministry of Education
Science, Sports and Culture of Japan (no. 09877049) and a Gr

(1996) Modulation of fibronectin synthesis by cancer cell-fi-

broblast interaction: cancer cells stimulate fibronectin produc-
tion and affect alternative splicing of fibronectin pre-mRNA at

EDA region in fibroblasts. Int J Oncol 9:721-730

jjﬁt_lslam S, Carey TE, Wolf GT, Wheelock MJ, Johnson KR

in-Aid for Research Project from Miyazaki Medical College. The (1996) Expression of N-cadherin by human squamous carcino-
authors thank Drs. Sh. Tsukita and A. Nagafuchi, Department of Ma cells induces a scattered fibroblastic phenotype with du-
Cell Biology, Faculty of Medicine, Kyoto University, for their _ Srupted cell-cell adhesion. J Cell Biol 135:1643-1654

kind gift of an antie-catenin monoclonal antibody, Dr. Y. Nawal7- Jass JR, Atkin WS, Cuzick J, Bussey HJR, Morson BC,
Department of Parasitology, Miyazaki Medical College, for his Northover JMA, Todd IP (1986) The grading of rectal cancer:

kind suggestions and discussion, Mrs. Y. Shiratani and Y. Nomura historical perspectives and_a multivariate analysis of 447

for their kind help in tissue culture and staining cell culture slides cases. Histopathology 10:437—459
and Mr. T. Miyamoto for his help in processing the figures ank$-
manuscript.

19.

References

1.

Basara ML, McCarthy JB, Barnes DW, Furcht LT (1983)0.
Stimulation of haptotaxis and migration of tumour cells by se-
rum spreading factor. Cancer Res 45:2487-2494

. Becker KF, Atkinson MJ, Reich U, Becker |, Nekarda H1.

Siewert JR, Hofler H (1994) E-Cadherin gene mutations pro-
vide clues to diffuse type gastric carcinomas. Cancer Res 54:
3845-3852 22.

. Behrens J, Vakaet L, Friis R, Winterhager E, Roy FV, Mareel

MM, Birchmeier W (1993) Loss of epithelial differentiation and
gain of invasiveness correlates with tyrosine phosphorylation of
the E-cadherifg-catenin complex in cells transformed with &@3.
temperature-sensitive v-src gene. J Cell Biol 120: 757-766

. Boucaut J-C, Darribere T, Poole TJ, Aoyama H, Yamada KM,

Thiery JP (1984) Biologically active synthetic peptides as
probes of embryonic development: a competitive peptide iP4.
hibitor of fibronectin function inhibits gastrulation in amphibi-
an embryos and neural crest cell migration in avian embryo5l
Cell Biol 99:1822-1830

. Boyer B, Dufour S, Thiery JP (1992) E-cadherin expression

during the acidic FGF-induced dispersion of a rat bladder car-
cinoma cell line. Exp Cell Res 201:347-357 26.

. Carnemolla B, Balza E, Siri A, Zardi L, Nicotra MR, Bigotti

A, Natali GP (1989) A tumor- associated finronectin isoform
generated by alternative splicing of messenger RNA prec@r.
sors. J Cell Biol 108:1139-1148

. Enterline HT, Coman DR (1950) The ameboid motility of hu-

man and animal neoplastic cells. Cancer 3:1033

. firench-Constant C, Van De Water L, Dvorak HF, Hynes REZ8.

(1989) Reappearance of an embryonic pattern of fibronectin
during wound healing in the adult rat. J Cell Biol 109:903-914

. Friedl P, Noble PB, Walton PA, Laird DW, Chauvin PJ, Tabah

RJ, Black M, Zanker KS (1995) Migration of coordinated cell

Kaczmarek J, Castellani P, Nicolo G, Spina B, Allemanni G,
Zardi L (1994) Distribution of oncofetal fibronectin isoforms
in normal hyperplastic and neoplastic human breast tissues. Int
J Cancer 58:11-16

Kataoka H, Nabeshima K, Komada N, Koono M (1989) New
human colorectal carcinoma cell lines that secrete proteinase
inhibitors in vitro. Virchows Arch [B] 57:157-165

Katow H, Hayashi M (1985) Role of fibronectin in primary
mesenchyme cell migration in the sea urchin. J Cell Biol
101:1487-1491

Kinch MS, Clark GJ, Der CJ, Burridge K (1995) Tyrosine
phosphorylation regulates the adhesionsrad-transformed
breast epithelia. J Cell Biol 130:461-471

Komada N, Nabeshima K, Koita H, Kataoka H, Muraoka K,
Koono M (1993) Characteristics of a metastatic variant to the
liver of human rectal adenocarcinoma cell line RCM-1. Invas
Metastasis 13:38-49

Lohi J, Tani T, Laitinen L, Kangas L, Lehto V-P, Virtanen |
(1995) Tenascin and fibronectin isoforms in human renal cell
carcinomas, renal cell carcinoma cell lines and xenografts in
nude mice. Int J Cancer 63:442—-449

Lois C, Garcia-Verdugo JM, Alvarez-Buylla A (1996) Chain
migration of neuronal precursors. Science 271:978-981
Magnuson VL, Young M, Schattenberg DG, Mancini MA,
Cen D, Steffensen B, Klebe RJ (1991) The alternative splicing
of fibronectin pre-mRNA is altered during aging and in re-
sponse to growth factors. J Biol Chem 266:14654—14662
Manabe R, Ohe N, Maeda T, Fukuda T, Sekiguchi K (1997)
Modulation of cell-adhesive activity of fibronectin by the al-
ternatively spliced EDA segment. J Cell Biol 139:295-307
Marutsuka K, Suzumiya J, Kataoka H, Komada N, Koono M,
Sumiyoshi A (1991) Correlation between urokinase-type plas-
minogen activator production and the metastatic ability of hu-
man rectal cancer cells. Invas Metastasis 11:181-191
McDonald JA, Quade BJ, Broekelmann TJ, LaChance R,
Forsman K, Hasegawa E, Akiyama S (1987) Fibronectin’s
cell-adhesive domain and an amino-terminal matrix assembly
domain participate in its assembly into fibroblast pericellular
matrix. J Biol Chem 262:2957-2967



253

29. Nabeshima K, Komada N, Kishi J, Koita H, Inoue T37. Shimoyama Y, Nagafuchi A, Fujita S, Gotoh M, Takeichi M,
Hayakawa T, Koono M (1993) TPA- enhanced invasion of Tsukita S, Hirohashi S (1992) Cadherin dysfunction in a hu-
Matrigel associated with augmentation of cell motility but not man cancer cell line: possible involvement of loss of a-catenin
metalloproteinase activity in a highly metastatic variant (L-10) expression in reduced cell-cell adhesion. Cancer Res 52:
of human rectal adenocarcinoma cell line RCM-1. Int J Cancer 5770-5774
55:974-981 38. Stenn KS, Madri JA, Roll FJ (1979) Migrating epidermis pro-

30. Nabeshima K, Komada N, Inoue T, Koono M (1995) A two- duces AB collagen and requires continual collagen synthesis
dimensional model of cell movement. Well differentiated hu- for movement. Nature 277:229-232
man rectal adenocarcinoma cells move as coherent sheets39p-Strauli P, Weiss L (1977) Cell locomotion and tumour penetra-
on TPA stimulation. Pathol Res Pract 191:76-83 tion. Report on a workshop of the EORTC cell surface project

31. Nabeshima K, Moriyama T, Asada Y, Komada N, Inoue T, group. EurJ Cancer 13:1-12
Kataoka H, Sumiyoshi A, Koono M (1995) UltrastructuradtO. Takeichi M (1993) Cadherins in cancer: implications for inva-
study of TPA-induced cell motility: human well-differentiated  sion and metastasis. Curr Opin Cell Biol 5:806-811
rectal adenocarcinoma cells move as coherent sheets via logal-Tani T, Lumme A, Linnala A, Kivilaakso E, Kiviluoto T,
ized modulation of cell-cell adhesion. Clin Exp Metastasis 13: Burgeson RE, Kangas L, Leivo I, Virtanen | (1997) Pancreatic
499-508 carcinomas deposit laminin-5, preferably adhere to laminin-5,

32. Nabeshima K, Asada Y, Inoue T, Kataoka H, Shimao Y, and migrate on the newly deposited basement membrane. Am
Sumiyoshi A, Koono M (1997) Modulation of E-cadherin ex- J Pathol 151:1289-1302
pression in TPA-induced cell motility: human well differenti42. Tavian D, De Pertro G, Colombi M, Portolani N, Giulini SM,
ated adenocarcinoma cells move as coherent sheets associate@ardella R, Barlati S (1994) RT-PCR detection of fibronectin
with phosphorylation of E-cadherin- catenin complex. Lab In- EDA+ and EDB+ mRNA isoforms: Molecular markers for he-

vest 76:139-151 patocellular carcinoma. Int J Cancer 56:820-825
33. Nabeshima K, Inoue T, Kataoka H, Koono M (1997) CohoiB. Tsukita S, Tsukita S, Nagafuchi A, Yonemura, S (1992) Mole-
migration of cancer cells. Connect Tissue 29:199-212 cular linkage between cadherins and actin filaments in cell-cell

34. Nabeshima K, Shimao Y, Inoue T, Kataoka H, Koono M adherens junctions. Curr Opin Cell Biol 4:834—-839
(1997) HGF/SF induces not only scattering but also cohort 4. Vaughan RB, Trinkaus JP (1966) Movements of epithelial cell
gration of cancer cells. Proc Jpn Cancer Assoc 56:1LO-03 sheets in vitro. J Cell Science 1:407-413

35. Oyama F, Hirohashi S, Sakamoto M, Titani K, Sekiguchi &5. Wiens DJ (1996) An alternative model for cell sheet migration
(1993) Coordinate oncodevelopmental modulation of alterna- on fibronectin during heart formation. J Theoret Biol 179:
tive splicing of fibronectin pre-messenger RNA at ED- A, ED- 33-39
B, and CS1 regions in human liver tumours. Cancer Res 38. Zetter BR, Brightman SE (1990) Cell motility and the extra-
2005-2011 cellular matrix. Curr Opin Cell Biol 2:850-856

36. Schwarzbauer JE, Patel RS, Fonda D, Hynes RO (1987) Multi-
ple sites of alternative splicing of the rat fibronectin gene tran-
script. EMBO J 6:2573-2580



