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Laminin mediates tethering and spreading of colon
cancer cells in physiological shear flow
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Summary Under the physiological shear condition, cultured colon cancer cells bound to laminin (LM), but not to fibronectin or vitronectin.
Most of the tethered cells did not roll, but arrested immediately and spread within 10-30 min on LM under the continuous presence of shear
flow. The tethering of Colo201 was patrtially inhibited by monoclonal antibodies (mAbs) to a6 integrin and a combination of mAbs to 1 and 34
integrins, but not by mAb to 67KD laminin receptor. Some Colo201 cells still tethered at 4°C. This suggests that a631 and a6p4 integrins
participate in Colo201 tethering on LM, although other non-integrin molecules play roles. In contrast, the spread of Colo201 was effectively
inhibited by the mAbs to integrin a2, a6 and 1 chains. The effect of anti-a2 plus anti-a6 mAbs was almost equal to anti-B1, suggesting that
Colo201 cells mainly use a2p1 and a6p1 integrins for spreading on LM. When the cells were perfused on subconfluent endothelial cells
(HUVEC) cultured on LM, they did not tether on HUVEC but did on coated LM exposed at intercellular gap area. Immunohistochemistry
revealed that LM abundantly existed in the cytosol of human portal and hepatic vein endothelial cells. These data suggest that LM can
mediate from tethering to spreading of colon cancer cells under the blood flow and plays an essential role in haematogeneous metastasis.
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Haematogenous metastasis is an important factor affecting trthough some adhesion mechanisms seem to be shared witt
prognosis of patients with colorectal cancer (Levin and Raijmancancer cells and leucocytes in static (Rice and Bevilacqua, 1989;
1995). The attachment of circulating cancer cells to the vessel wallakada et al, 1993). Here, in this study, we used a flow adhesion
in target organs is one of the earliest events initiating tumouassay system (Lawrence and Springer, 1991; Kitayama et al,
metastasis (Honn and Tang, 1992; Albelda, 1993; Gutman ant®97), and demonstrate that colon cancer cells tether, arrest anc
Fidler, 1995). Previous studies have demonstrated that the attacdpread on immobilized laminin (LM) under the continuous pres-
ment is mediated by various adhesion proteins, such as E-selecénce of shear flow and that the each step is mediated by different
and its counter receptors, sialyl Lewis-x (sLe-x) and sialyl Lewis1LM receptors.

a (sLe-a), (Dejana et al, 1992; Takada et al, 1993; Irimura, 1994),

VLA-4-VCAM-1 (Rice and Bevilacqua, 1989; Martin-Pandura et

al, 1991), thrombospondin (Tuszynski et al, 1987; Walz, 1992)!V|ATERIALS AND METHODS

CD44 variants (St John et al, 1990; Gunthert et al, 1991) and oth
extracellular matrix (ECM) proteins (Humphries et al, 1986;
Iwamoto et al, 1987; Liotta, 1991).

Leucocyte infiltration in inflammatory tissue or homing to Fibronectin (FN), vitronectin (VN) and albumin (HSA) purified
lymphoid organs is a similar biological phenomenon as hematogérom human serum, as well as LM purified from human placenta
nous metastasis of cancer cells, in terms of the interaction wittvere purchased from Calbiochem (La Jolla, CA, USA). These
local endothelium. The molecular mechanisms of the leucocyt&CM proteins were diluted to 10-p@ mi* with phosphate-
emigration have been extensively studied, and it has been genéwuffered saline (PBS), pH 7.4. Then, 2®f these solutions were
ally accepted that the initial tethering and rolling are supported bgpotted on polystyrene plates for 2 h at@7and blocked with
selectin-carbohydrate interactions, whereas integrins can not birzD ug mi HSA for more than 48 h.
to their ligands under shear flow conditions but function mainly at Monoclonal antibodies (mAbs) to integiirl (HP2B6, migG1)
the later steps (Butcher, 1991; Springer, 1994). In contrast tand a6 (GoH3, rat 1gG2a) were purchased from Immunotech
leucocytes, the effect of shear stress has not been carefully evaliarseille, France). mAbs ta2 (P1H5, migGl) andi3 (P1B5,
ated in the process of cancer cell attachment to vascular E@&)IgG1) were from Telios Pharmaceuticals (La Jolla, CA, USA).
Anti-1 mAb (4B4, migG1) and control mouse-IgG1 or rat-lgG2a
were obtained from Coulter (Hialeah, FL, USA) and 84dtimAb
(UM-A9) was from Chemicon (Temecula, CA, USA). mAb to
67KD laminin receptor (MLUC5) was a generous gift from Dr

ﬁreagents, antibodies and preparation of adhesion
substrates
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Cell preparation acetone and incubated withug§ mi* of anti-LM mAb. Then, the

Al the colon cancer cell lines, Colo201, Colo320, HT29. DLD_lreaCtlon was carried out using ABC kit (Vector Laboratories,

and WiDr were obtained from American Type Culture CoIIectiongi:rrll'q?r?sg; ?"Zi;':é l(JDS :g) a;: d phergé:diie \évre;s)(i::velop_?ﬁe with
(ATCC, Rockville, MD, USA) and maintained in Dulbecco's sections were counterstained wit}tlw ha%matgx lin Ff)(?z?a;(amination
modified Eagle’s medium (DMEM) with 10% fetal calf serum yin.

(FCS). HT29, DLD-1 and WiDr were detached from plastic flasksat higher magnifications, the sections were stained with the anti-

by the addition of 0.02% EDTA containing PBS + 0.25% trypsin,l"vI MAD f.md fluorescein con!ugated antl-mous_e l9G, and
. . o observed with a confocal laser microscope (Fluoroview, Olympus,
washed twice and incubated for at least 1 h°&@ HBefore the Tokyo, Japan)
measurement of adhesion. All the cells were warmed up°© 37 Y0, Japan).
just before the experiments. HUVEC were isolated from normal
human umbilical cord and cultured as previously describedRESULTS
(Kitayama et al, 1997).
Immobilized laminin supports tumour cell adhesion

. under shear flow
Laminar flow assay

A parallel-plate flow chamber (Kitayama et al, 1997) was moumegxtrqeellular matrix protellns, FN, LM and_ VN were coated on
%aestlc plates at 1ag mF?, and the adhesiveness of the colon

on the coated substrates, and placed on the stage of a ph .
. ) . T cancer cells was examined under shear flow. At the shear of
contrast microscope and monitored with ax16bjective. Wall )
1.8 dyn cm?, only a few cancer cells bound to FN and VN as well

shear stress was calculated as previously described (Lawrence an :
. . as control HSA. However, a considerable number of cells tethered
Springer, 1991). The flow chamber and the optical area of the e i
i - . and accumulated on LM coated at the same condition in all five
microscope were covered with a plastic box and the temperature 0

the inside was strictly maintained at®&7 One million (1x 10F) cell lines (Figure 1A). The number of tethering Colo201 was

cells were suspended in 0.1 ml Hank’s balanced salt solutioln‘f’lrg(aly decreased as the shear increased more than 1.5dyn cm

(HBSS) with 10 HEPES (pH 7.4), kept at’@, and diluted and no cells tethered at 3.0 dyn €nfFigure 1B). When the
with 1.0 ml of 37C assa medium. (IL|BSS with ’1: \EPES concentration of coating substrates was increased fm 501,
includi.ng 2 mu calcium io>r/1 (C&), 1 mv magnesium ion (MRj) the number of Colo201 bound on LM increased almost as twice in

and 10% FCS, pH 7.4) just before the experiments. Then, the ceﬁgcn isbr;sa(llr:ics:flfgy ,I:\tlggsi?r? ltetg]irlgiso:ﬁ '(:)I;IC?)ngc\)/the\fﬁre
suspensions were perfused on the substrates for 2 min through fhed'd g ' gy jortty

! . red to LM did not roll but arrested immediately after the initial
flow chamber using an automated syringe pump (Harvar

Apparatus, Natick, MA, USA) attached to the outlet side. Forcontact with LM, that was a marked contrast to leucocytes

blocking experiments, the mAbs were added tox 10° cell rolling on selectin substrates (Figure 2). Under the shear above

2
suspensions in 0.1 ml HBSS + HEPES, at a final concentration g :0 dyn cm¥, some of the tethered C0|9201 rolled for a short
e . . . istance but detached to the flow stream in a few seconds, and thus
25pg mitin each mAb. After 1 h incubation on ice, the cells were

; . . . no cells showed continuous rolling on LM. Other four cancer cells
diluted with 1.0 ml assay medium and used for flow experiments. L . .
. . ; ; howed similar adhesion behavior as Colo201 (data not shown).
Cells interacting with the substrate during flow were analyse

from the images videotaped with a TEC-470 CCD video camera
(Hamamatsu Photonics, Hamamatsu, Japan) and a Victor CVD=ethered colon cancer cells spread on immobilized
1000 recorder. In some experiments, after 2 min perfusion of celaminin within minutes

suspension, the medium was perfused over the substrates fRFt

. - er the attachment assay, the tethered and arrested cells on LM
another 30 min, and the change in shape of the attached cells was : ) .
. . . . ; were subsequently subjected to continuous shear flow with
monitored by videotape recorded in a time-lapse fashion.

warmed medium, and the shape change was observed for an addi-
tional 30 min. As shown in Figure 3, most of the tethered DLD-1
and HT29 cells were spread and flattened within the following
10-15 min under the continuous presence of 1.0 dyrd shear.
Tethered cells were defined as cells that maintained an adhesig®|0201 usually grew at non-adhesive fashion under static culture
interaction with the substrate for at least 1 second. The number ghndition. However, approximately 90% of Colo201 tethered on
attached cells was counted over the 2 min after the flow becamay were flattened within the following 30 min under the same
stable, and attached cells in three different fields were analyseghear flow.

Cells that did not spread on the substrates were detected as bright

cells with a round shape, whereas spread cells were observed as ) ) ) )

dark and enlarged figures under the phase contrast microscopiethering and spreading on LM is partially mediated by

Thus, the two cell types were easily distinguished on the monitd?6B1 and a6p4 integrins

screen. Th&-values were calculated by paired Studertést and  Many molecules, such as integrins and carbohydrates, are identi-
differences withP < 0.05 were considered to be Significant. fied as receptors for LM ([\/|echan']l 1991) Among the integrinsl
alfB1 (Hall et al, 1990)x2B31 (Elices and Hemler, 1989; Languino

et al, 1989; Lotz et al, 1990)3p1 (Gehlsen et al, 1992631
(Sonnenberg et al, 1988; Lotz et al, 1990) abf4 (Lotz et al,
Frozen tissue sections of human normal liver were obtained fromiggo: Lee et al, 1992) integrins have been reported to mediate
the donor for liver transplantation operation performed in theyinding to LM in static condition. To determine which integrins
Hospital of the University of Tokyo. The sections were fixed with fynction in flow condition, we examined the adhesion behaviour

Evaluation of tethering, spreading and statistics

Immunohistochemistry
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1007 Figure 2  Post-tethering behaviour of PMN on E-selectin (1 ug mi-) (A) and
Colo201 on LM (10 pg mi?) (B) under the shear of 1.0 dyn cm=2. Five
consecutive images were captured every 2 seconds and superimposed with
imaging analyser software (Adobe Premier, with a Macintosh computer). With
flow from left to right, PMN rolled on E-selectin with a mean velocity of

13.7 um per s, that was detected as five bright spots located linearly.
0.5 1 15 2 25 3 Whereas none of the tethering Colo201 were displaced more than 1 cell

) diameter in the 10 seconds
Shear stress (dyn cm ™)

Figure 1  Tethering activity of colon cancer cells on immobilized ECM

proteins. Fibronectin (FN), vitronectin (VN), laminin (LM) and human serum inhibitory effect of antie6 even when used together (data not

gg)uminl(ljsé/%) Wedre im_rgogi_liziﬂd ?t t_hr— Cor:jciﬂnt[ﬁtign 0810 ugnml’l (fA, B) or shown). This suggests that the tethering of Colo201 to LM is
ml- as described in Materials and Methods. One million o . . . .

Colo201, c(ou))szo, HT29, DLD-1, WiDr suspended in 1.0 ml of assay partially mediated by both6(31 anda6f34. However, neither anti-

medium were perfused on these substrates for 2 min at 1.0 dyn cm=2 (A) or B1 nor antiB4 mAbs alone produced any significant inhibition

various shears (B), and the number of cells accumulated in three different even used at the concentration of 1@0"’1"1 (data not ShOWh).

areas was counted at the end of perfusion under a microscope in each .

experiment. Each value is mean + s.d. of three different experiments The effects of these mAbs on cell spreading were contrasted.

Eighty-eight per cent of tethered Colo201 were flattened on LM
after 30 min perfusion. Anti¥6 mAD, that partially reduced teth-
ering cells, also significantly decreased the percentage of spreac
of Colo201 pretreated with functionally blocking mAbs to thesecells. The percentages of spread cells in total tethers oti@nti-
integrins. As shown in Table 1, the number of tethering Colo201reated Colo201 was 61% (75% of cont®k 0.05,n = 4). Anti-
was partially reduced to 60% & 0.05,n = 4) by the pretreatment a2 mAb, although showed no effect on tethering, strongly
with anti-a6 integrin mAb (GoH3). None of the mAbs ad,, a2 decreased the spreading of Colo201 to 38% (43% of coRtrol,
and a3 chains decreased the number of tethering Col02010.05,n = 4). Moreover, if anta2 mAb was used with antié
Moreover, none of the three mAbs induced further inhibitorymAb, the spreading rate was further decreased to 18% (20% of
effects of antie6 integrin mAb when used together with the mAb. control, P < 0.05,n = 4). Anti1 integrin effectively inhibited the
Similarly, antif34 integrin mAb and anfl1 integrin mAb alone spreading of Colo201 to 15% (17% of conti®I< 0.01,n = 4),
showed no significant inhibition. However, when gittiand anti-  that was almost the same level as when@2tand antia6 mAbs
B4 mAbs were used together, the tethering of Colo201 was signifsvere used together. In contrast, mAbsatb and a3 integrins
icantly inhibited to the same level as am@-mAb (69% of control,  showed no significant effect on spreading whether used alone or
P < 0.01,n = 4). This inhibition was specific since the addition of together with anta6 mAb. When Colo201 were pretreated with
the same concentration of control mouse-lgG1y&0nt?) have  antif34 and antiBl mAbs, the percentages of spreading were at
no significant effects. Neither arfiit nor antiB4 augments the the similar level as Colo201 treated with gtialone (16 6.7%

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(12), 1927-1934
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Table 1 Inhibition of tethering and spreading of Colo201 on LM in shear
100+ flow
9 No treatment Total tethers Percentage of spread cell
g (cells/field) 2 (%)°
8 754
° &) 127 + 45 (100%) 88 + 10 (100%)
%j Anti-al 136 + 32 (> 100%) 88 + 16 (100%)
g Anti-a2 130 + 22 (> 100%) 38 + 16 (43%)°
‘—,3 Anti-a3 130 + 13 (> 100%) 86 + 16 (98%)
3 50+ Anti-06 76 + 20 (60%)° 61 + 16 (75%)°
5 Anti-B1 121 + 41 (95%) 15 + 8.1 (17%)?
oy Anti-B4 118 * 23 (93%) 88 + 9.1 (100%)
?Z T Colo201 Anti-a1+anti-a6 84 + 14 (63%)° 60 + 4.4 (68%)°
5 Anti-a2+anti-a6 80 + 7.5 (66%)° 18 + 2.2 (20%)°
8 o254 —O—— HT29 Anti-o3+anti-a6 90 + 11 (71%)° 51 + 6.4 (60%)°
& Anti-B1 +anti-B4 88 + 37 (69%)¢ 16 + 6.7 (18%)¢
O DLD-1 Control mouse 1gG1 132 + 29 (> 100%) 89 + 2.5 (> 100%)
Control rat IgG2a 144 + 48 (> 100%) 90 + 5.8 (> 100%)
Control mouse 1gG1°¢ 142 + 20 (> 100%) 86 + 3.8 (98%)
0 T T T (50 pg mi)*
0 10 20 30 Control mouse IgG1 + 124 + 48 (98%) 92 + 5.8 (> 100%)
Time (min) rat lgG2a
4°C 59 + 18 (46%)¢ 0 (0%)¢
Figure 3  Spreading of tethered cells on LM. Three colon cancer cells were 0.02% EDTA 0 (0%)* 0 (0%)

perfused on immobilized LM (10 pg mi-) at 1.0 dyn cm= for 2 min. Then,
perfusion of the chamber was continued with warmed assay medium at the
same speed for another 30 min, and the shape changes of the tethered cells
were monitored on a screen. Total tethers were counted at the time points of
2 min after the initiation of perfusion. Then, all the tethered cells at the time
points were marked on screen and whether the cells spread or remained as
round shape within another 30 min was examined in each tether. The cells
tethered after 2 min were neglected in this analysis. Data are mean + s.e.m.
of two separate experiments

Colo201 cells treated with each mAbs at the concentration of 25 pug mi- (or
50 pg mi)e as described in Materials and Methods were perfused for 30 min
in 1.0 dyn cm=2. EDTA was used at a final concentration of 0.02%. In the
experiments at 4°C, the flow chamber and LM-coated plate as well as the
assay medium were cooled with ice before perfusion. ®The number of
tethered cells per field at 2 min after the initiation of perfusion. ®The number
of spread cells/total tethers at the end of perfusion. Each value is mean + s.d.
of four different experiments. Quoted numbers show the relative percentages
to control without any treatment. °P < 0.05, ¢ P < 0.01.

vs 15+ 8.1%,P > 0.05,n = 4). The ant4 mAb did not augment Table 2 Effect of mAb to 67KD LR on Colo201 tethering on LM in shear
the inhibitory effect of ant6 mAb on Colo201 spreading when fiow

used together (data not shown). Those data indicate that the stey
cell spreading is mainly mediated 8231 anda6f1 integrins and
suggest that6p4 integrin does not have a major role for this step
Many Colo201 still tethered on LM even after the blocking of all.

these integrins. No cells tethered on LM whefd*@as depleted  Anii-67KD LR

from the assay medium by the addition of 0.02% EDTA. %&,4 Ant-06

however, 46% of Colo201 examined af@itill tethered on LM~ Anti-ab+anti-67KD LR
(Table 1). This strongly suggests that another non-integrin recept
is involved in the tethering to LM. A 67 kDa monomeric po|ypep_CoI0201 cells treated with each mAbs at the coAncentration of 25 ug ml-‘1 were
. . - o perfused and analysed as Table 1. Each value is mean * s.d of three different
tide was reported to be a high gfflnlty Iamln_ln receptor (Rao et 8yperiments. *P < 0.05.

1983). Then, we used the functionally blocking mAb to the 67 kDi

laminin receptor (MLUC5) (Van den Brule et al, 1996) for this
flow experiment. However, the mAb did not show any inhibitory
effects on Colo201 tethering whether used alone or withodnti-
mADb (Table 2).

Total tethers
(cells/field)

No Treatment

174 + 22 (100%)
180 + 41 (>100%)
15 + 29 (65%)

131 * 19 (75%)?

LM is abundantly expressed in endothelial cells of
small portal and hepatic veins of human liver
Colon cancer cells did not tether on resting HUVEC but

did tether on intercellular LM LM mainly exists in the subendothelial basement membrane

(Chung et al, 1979; Timpl et al, 1979), but it is not clear whether a
Colo201 were perfused on HUVEC monolayer cultured on LM.considerable amount of LM exists in the area exposed to blood
As shown in Figure 4A, only a few cells tethered on restingflow under physiological conditions. We tried the immunohisto-
HUVEC with confluent state. When the cells were perfused orchemical staining of normal human liver tissue with anti-LM mAb
sub-confluent HUVEC, few cells attached on HUVEC, while recognizing the P1 epitope (Fujimoto, 1990). In addition to the
many cells tethered and accumulated at the intercellular gap areannective tissue of Glisson, EC of the portal and central vein
where the precoating of LM was supposed to be exposed twere strongly stained with anti-LM mAb (Figure 5 A,B).
flowing cells (Figure 4B). This was confirmed by the fact that theSinusoidal EC were only partially stained by anti-LM mAb. This
accumulation was partially decreased by aftiintegrin mAb  suggests the possibility that LM molecules are also expressed in
(Figure 4A). the luminal side of small portal and hepatic veins.

British Journal of Cancer (1999) 80(12), 1927-1934 © 1999 Cancer Research Campaign
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 on HUVEC

Confluent on HUVEC (anti-a6 mAb)

HUVEC L
B in intercellular gap area

in intercellular gap area (anti-a6 mAb)

Sub confluent 4
HUVEC

Figure 5 Endothelial cells of small portal and hepatic veins in human liver

Figure 4 Tethering of Colo201 to HUVEC or LM coated on plastic plates. abundantly expressed LM molecule. (A) Frozen sections of normal liver were
Half million (5 x 10°) or 5 x 10* HUVEC were cultured on plastic plate (60 stained with anti-LM mAb (HL-4H3) using ABC method and DAB

mm diameter) coated with LM (10 g mI%). Two days later those HUVEC development. (x 400). (B) The same sections were stained with FITC-
became confluent or sub-confluent state respectively. On these HUVEC labelled secondary mAb, and observed with a confocal laser microscope
monolayers, Colo201 cells were perfused as in Figure 1, and the tethered (Left: under fluorescein beam, Right: under normal light) (x 1400). Cytosol of
cells on HUVEC or at the bare area without HUVEC were separately counted small portal vein EC was brightly stained

in three different fields. mAb treatment was performed as Table 1. Data are
mean * s.d. in a representative experiment. *P < 0.05, n = 3. (B) Image at
the end of perfusion on subconfluent HUVEC. Most of the Colo201 cells that
tethered and arrested in flow were detected at the bare area between each
HUVEC but not on the HUVEC

DISCUSSION on P-selectin (Lawrence and Springer, 1991). In our study,
however, all the tethering cancer cells did not roll but abruptly
The lodgement of circulating cancer cells in the vascular bed ddrrested at the shear below 1.5 dyrmrnihe ‘rapid sticking’ is
secondary organ is an essential step in metastatic process. Thjgecific for LM substrates, since these cancer cells showed rolling
attachment must occur in the continuous presence of shear stresg, E-selectin substrates (data not shown). Some tethers rolled for
similar to leucocyte tethering and rolling on inflammatory several seconds before the detachment to the flow at higher
endothelium. In this study, we used five colon cancer cell lines ashear conditions, and no cells tethered under the shear above
the models for liver metastasis of colon cancer. All the cell lines.0 dyn cn? even the LM was coated at very high concentration.
were established from human colon cancer tissues and hdathe exact reason of the difference between these two studies is no
metastatic potential when injected intravenously. Here, welear, but supposed to be attributed to many differences in experi-
observed that all the five colon cancer cells tethered on immobimental condition. One possible explanation is that LM purified
lized LM substrate under physiological shear condition. Moreoverfrom Englebreth—Holm—Swarm tumour used in the previous study
those tethered cells arrested immediately and spread withinas some differences in molecular structure from placenta-derived
minutes order after the initial contact with LM. Tozeren et alLM in ours. The difference in LM coating efficiency between on
(1994) has already reported that human epithelial and carcinontgass and on polystyrene may be related with the discrepancy.
cells tethered and rolled on the LM in the presence of laminar floiHowever, the adhesion pattern we observed in this study has
possibly throughu6p4 integrin. In that study, they used relatively already been described in mononuclear cells or eosinophils
higher shear condition (> 3.5 dyn @rand described that the teth- perfused on purified VCAM-1, MAdCAM-1, or activated
ering cells rolled at the comparable velocity to that of leucocyte$lUVEC monolayer (Luscinskas et al, 1994; Alon et al, 1995;

© 1999 Cancer Research Campaign British Journal of Cancer (1999) 80(12), 1927-1934
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—————— Blood flow Colo201 tethering are too small to be recognized by the blockade
A ‘ of each integrin alone.
Total blockade ina6B1 anda6B4 integrins did not lead the
complete inhibition in Colo201 tethering. The tethering to LM was
totally blocked by C# depletion, whereas some still tethered at
' 4°C condition (46% of control). From these data, it is unlikely that
Basement  mam— G LEC other LM binding integrins such agp1 (Kramer et al, 1991) play
membrane W roles in Colo201 tethering, since all the integrin mediated adhesion
should be abolished at@. Then, we asked the contribution of a 67
kDa monomeric polypeptide reported as a high affinity laminin
receptor (Rao et al, 1983). The expression of this receptor or its
precursor on cancer cells has been reported to be correlated with
. Blood flow malignant potential in various cancers, and induction of this
67 kDa receptor was reported to induce metastatic potential in non-
metastatic counterparts (Castronovo et al, 1989; Coice et al, 1991;
Van den Brule et al, 1996; Viacava et al, 1997). Although, the mAb
to 67 kDa LM receptor partially inhibited the Colo201 adhesion to
LM under static conditions (Viacava et al, 1997), it showed no
significant inhibition in Colo201 tethering. Galectins have been
reported to function as laminin receptors (Barondes et al, 1994; Van
den Brule et al, 1995). However, the galectins are unlikely to
mediate tethering under the flow condition, since the depletion of
Figure 6 Possible situations when LM functions as tethering molecule for Ca* with EDTA totally abolished the Colo201 tethering. Those
st 3‘2% g?dzi%eggggﬁggl ftgﬂmr?r?éetfglsiLi:r;(tpr%?a?gbt%gleoo(g)ﬂmY/vaire data suggest that other uncharacterized laminin receptors partici-
produced, bound to LM receptors, and presented on the luminal surface of pate in the colon cancer cell tethering in shear flow.
certain EC. T: LM molecule, // and p: LM receptors, EC: endothelial cell Another new finding in our study is that most of the tethering
cancer cells were flattened within minutes’ order when the shear
flow was continuously subjected. Furthermore, the effects of anti-
Berlin et al, 1995; Kitayama et al, 1997). Those studies haventegrin mAbs on cell spreading were contrasted from those on
shown that the rapid sticking is mediated do integrins, and tethering. The percentages of spread Colo201 in total tethers were
suggested thatr4 integrin can immediately form tighter bonds significantly inhibited by antx6 and more strongly by anti2
than selectins that are strong enough to be resistant to the continAbs, although the latter mAb showed no effect on Colo201 teth-
uous shear force. Our data suggest that the cancer cells utilieeing. More than 80% of spreading was abolished byfAntirAb.
certain adhesion receptors for LM that has similar kinetics in bondhe effect of anta2 plus antiet6 was additive and almost equal to
formation asx4 integrin. If the LM mediate the rolling interaction antifi1 integrin. In contrast, anfi4 did not show clear effect to
as described by Tozeren et al (1994) cancer cells require anothemhance the inhibitory effect of afti- mAb even when used with
factor to support cell arrest for metastasis formation. However, ouantif31. No cells spread af@. Those data clearly indicate that the
finding suggests a possibility that a single cancer cell circulating ipost-tethering spreading on LM is mostly mediatecBf1 and
blood can develop metastasis only through the interaction witkk631 integrins, whilea6p4 did not have major role for cell
LM. spreading. In other words, colon cancer cells partially change the
LM is one of the most abundant constituents of the basememéceptor usage from tethering to spreading on LM.
membrane and regulates cell-ECM interactions such as adhesionRecently, it has been shown that laminin have various isoforms,
migration, growth and differentiation in various cell types (Chungand each of them has specificity in its receptor usage, kinetics
et al, 1979; Timpl et al, 1979). The receptor for LM is not fully for adhesion function, and tissue distribution (Rousselle and
characterized yet. Integrins are the major receptors for ECMwumailley, 1994; Timpl and Brown, 1994; Tani et al, 1996). In
proteins. VLA-1 ¢131), VLA-2 (a2p1), VLA-3 (a3B1), particular, laminin 5 has been shown to mediate strong adhesion of
VLA-6 (a6 1), VLA-7 (a7 B1l) anda6 B4 integrins have been various cell types including colon cancer cells mainly through
reported to bind LM (Mecham, 1991). Our blocking experimentsa3f31 integrin (Rousselle and Aumailley, 1994; Orian-Rousseau et
using Colo201 showed that tethering to LM was partially inhibitedal, 1998). In our study, mAb ta3 showed no significant effect
by anti-a6 mAb. Anti31 and antiB4 mAbs alone showed no both on tethering and spreading of Colo201. However, the laminin
significant effect on tethering. The blocking results are totallywe used in this study was purified from placenta that was
consistent with the previous results by Tézeren et al (1994). In thabnsisted mainly of laminin 1, and thus the precise role3gf
work, however, they showed that cells expressing inte@in integrin for metastasis formation needs to be investigated using
chain bound to LM in flow while cells lackirfg# integrin did not  purified form of laminin 5.
have any affinity to LM, and thus concluded that the tethering to From our results, we can speculate two possible situations that
LM was dependent om6@34. In this study, however, we used anti- the LM molecule function as tethering molecule for cancer metas-
B1 and antiB4 mAbs together, and found that they produced theasis (Figure 6). Although LM mainly exists at basement
same level of inhibition as arié mAb. This suggests thabpl membrane, the subendothelial LM molecule can be exposed to
as well asu6p4 have a contribution on Colo201 tethering on LM. blood flow when EC are damaged and detached from the basement
The reason why either mAb alone did not show significant effecmembrane. In this situation, the LM molecule is supposed to trap
may be explained by that the contributions of each integrin othe circulating cancer cells even in blood flow that results in the

Basement
membrane
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metastasis formation in those areas (Figure 6A). Animal studieSheng YF and Kramer RH (1989) Human microvascular endothelial cells express
have shown that endothelial injury by drug (Orr et al, 1986) integrin-related complexes that mediate adhesion to the extracellular matrix.

. o J Cell Physioll 39 275-286
hyperoxia (Adamson et al, 1987), radiation (von Essen, 1991), cEhung AE, Jaffe R, Freeman IL, Vergnes JP, Braginski JE and Carlin B (1979)

activated leucocytes (Orr and Warner, 1987) significantly  properties of basement-membrane-related glycoprotein synthesized in culture
promotes local arrest and metastasis in the lung. We found that by a mouse embryonal carcinoma derived cell i@l 16; 277-281

Colo201 cells, if perfused on sub-confluent HUVEC, preferen_Coice V, Castronova V, Shmookler BM, Garbisa S, Grigioni WF, Liotta LA and
tiaIIy tethered at the bare area as shown in Figure 4B. From this Sobel ME (1991) Increased expression of the laminin receptor in human colon
. . . . . cancerJ Natl Cancer Ins83; 29-36

ﬂndmg' the preferentlal deposmon of tumour cells in EC denUdecbejana E, Martin-Padura |, Lauri D, Bernasconi S, Bani MR, Garofalo A, Giavazzi

areas in those animal studies is considered to be mediated through R, Magnani J, Mantovani A and Menard S (1992) Endothelial leukocyte

LM molecule. adhesion molecule-1 dependent adhesion of colon carcinoma cells is inhibited
Another possibility is that LM may be expressed on the luminal by an antibody to Lewis fucosylate type | carbohydrate chain.Invest6:
324-330

surface of EC in certain Qrgans. Some EC _have been shown It:rh)ces MJ and Hemler ME (1989) The human integrin VLA-2 is a collagen receptor
produce LM (Gospodarowicz et al, 1981; Tokida et al, 1990). Our o some cells and a collagen/laminin receptor on otRes.Natl Acad Sci
staining experiment clearly showed that portal and hepatic veins in  USA86: 9906-9910
the normal liver strongly expressed LM molecules in their cytosolFuiimoto N (1990)| Onf 5“:'; S;g‘l’}’icgﬁnzxm;’gf‘;:fa;gy for human laminin
H using monoclional antinodi n Im ACI . —
In these vessels, Fherefo.re' LM is SUppOSEd to be presented on @tﬂ%lsen KR, Sriramarao P, Furcht LT and Skubitz APN (1992) A synthetic peptide
luminal surface, since microvascular EC were reported to express derived from the carboxy terminus of the laminin A chain represents a binding
LM receptors such as 67 kDa receptofbrintegrins on their cell site for a3b1 integrinl Cell Biol117: 449-459
surface membrane (Yannariello-Brown et al, 1988; Cheng an@ospodarowicz D, Greenberg G, Foidart JM and Savion N (1981) The production
Kramer, 1989). In fact, an electron microscopic study has demon- and localization of laminin in cultured vascular and corneal endothelial cells.
. . . . . J Cell Physioll07: 171-183
strat.ed that LM'IS present on the luminal surface of capillaries iR o U, Hofmann M, Rudy W, Reber S, Zoller M, Haubmann |, Matzku S,
murine lung (Hilario et al, 1996). Those LM molecules can be  \enzel A, Ponta H and Herrlich P (1991) A new variant of glycoprotein CD44
recognized by another LM receptor on cancer cells, and thus may confers metastatic potential to rat carcinoma ceksl 65 13-24
funct|on as a tetherlng molecule in organ_specrflc metastas|§utman M and Fidler 1J (1995) Biology of human colon cancer metadtésilsl J
(Figure GB) Surgl9: 226-234
’ . Hall DE, Reichardt LF, Crowley E, Holley B, Moezzi H, Sonnenberg A and Damsky

In summary, colon cancer cells showed tethe“ngv arrest an CH (1990) The alph#b, and alphgdb, integrin heterodimers mediate cell
subsequent spreading on immobilized LM under physiological  attachment to distinct sites on lamininCell Biol 110 2175-2184
shear flow. The tethering was partially mediateda®pl and Hilario E, Unda F, Perez-Yarza G, Alvarez A, Garcia-Sanz M and Alino SF (1996)
06[34, while the spreading was mostly bQBl anda6[31 inte- Presence of laminin and 67 kDa laminin-receptor on endothelial surface of lung

. . capillaries. An immunohistochemical stuéhistol Histopatholl11:
grins. Although LM has been proposed to have a strong associa- gz g5
tion with the metastatic potential of various cancers (Hunt, 198%onn kv and Tang DJ (1992) Adhesion molecules and tumor cell interaction with
Liotta, 1991; Honn and Tang, 1992), our study further emphasizes endothelium and subendothelial mat@ancer Metastasis Rél: 353-375
the role of this molecule in tumour metastasis. This interactiofiumphries MJ, Olden K and Yamada KM (1986) A synthetic peptide from

seems to be especially important when the metastasis develops in fibronectin inhibits experimental metastasis of murine melanoma 8ellnce

. . . 233 467-470
EC-damaged areas or in organs with LM-rich vessel system. Hunt G (1989) The role of laminin in cancer invasion and metaskagisCell Biol
57: 165-176
Irimura T (1994) Cancer metastasis determined by carbohydrate-mediated cell
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