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ABSTRACT

Aberrant glycosylation expressed in specific types of human cancer

may define stage, direction, and fate of tumor progression. Well-studied
examples are expression of sialosyl@Lewisx or sialosyl-Lewi? in colorectal
carcinoma and histo-blood group A and H/Leg in lung cancer. In renal cell

carcinoma (RCC), expression of sialosyl-Lewi? has no correlation with
metastatic potential. Clinicopathological studies have revealed that the
degree of expression of disialosyl galactosylgloboside (DSGG) and mono
sialosyl galactosylgloboside is correlated with metastatic potential (to lung
and lymph nodes) of RCC and inversely correlated with patient survival.
In the present study, we compared the adhesion of RCC lines to sections
of various tissues measured by Stamper-Woodruffassay and other similar
assays under dynamic flow conditions. Of the eight RCC lines tested, only
TOS-1 (which expressesDSGG) bound strongly to lung tissue sections.
TOS-1 did not bind to sections of liver, kidney, or lymph nodes. In the
same eight RCC lines, we also compared expression of DSGG and mono

sialosyl galactosylgloboside (reflected by reactivity with RM1 and RM2),
overall ganglioside patterns, and correlation with lung tissue-binding
ability. Under both static and dynamic flow conditions, the binding of
TOS-1 cells to lung alveolar tissuewas correlatedwith their DSGG
expression, i.e., the binding was inhibited by RM2 but not by RM1. This

binding was also inhibited by sialidase but not by EDTA (Le.,it was CA2@
independent). The other seven cell lines (TOS-2, TOS-M, SMKT-R1, -Ri,
-lu, and -R4, and ACHN), which do not expressDSGG, showedmuch
weaker adhesion to lung tissue. None of the eight cell lines showed E- or
P-selectin-dependent adhesion. These results suggest the existence of a

yet-uncharacterized sialoadhesive receptor that specifically recognizes

DSGG. This receptor could be the binding target in RCC metastasis to
lung.

INTRODUCTION

Aberrant glycosylation is a common denominator of essentially all
animal and human cancers (1). The correlation between aberrant
glycosylation and metastasis has been studied extensively in animal
models (2â€”7).In certain types of human cancer, the degree of expres
sion of a specific GSL2 or carbohydrate epitope in the original tumor
is clearly correlated with metastatic potential and clinical survival
rate. For example, in various lung carcinomas (excluding small cell
carcinoma), expression of histo-blood group A antigen (8) and its
precursor j,@y@b showed negative and positive correlation, respec
tively, with patient survival rate (9). Expression of SLeâ€•or 5[@@in
primary colonic cancer is strongly correlated with patient survival rate
(10, 11). A similar trend was seen for sialosyl-Tn expression in
colonic cancer, i.e., if the antigen was not expressedin primary tumor,
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5-year survival was 100%; if the antigen was expressed, survival was
<70%(12).Ontheotherhand,expressionof aberrantglycosylation
varies tremendously, depending on tumor type and stage (13).

RCC is a highly metastatic type of cancer showing preferential
blood-bornemetastasisto lung as comparedto liver or kidney or
distant lymph nodes. 5j@Xexpression in RCC was not correlated with
metastatic potential or degree of malignancy in our previous clinico
pathological study (14). The only carbohydrate markers showing clear
correlation with RCC metastasis and malignancy were MSGG and
DSGG (Table 1), defined respectively by mAbs RM1 and RM2 (15).

We now report: (a) reactivities of eight different RCC lines with
various mAbs directed to@ 5@X MSGCI, and DSGG; (b) adhe
sion of the cell lines to frozen sections of lung, liver, kidney, and
lymph node tissue, according to the Stamper-Woodruff assay; (c)
adhesion of the cell lines to lung tissue sections under dynamic flow
conditions; and (tO correlation of adhesion as in b and c with expres
sion of defined carbohydrate epitopes. Our findings indicate that
strong adhesion of cell line TOS-l to lung tissue, a possible basis for
lung cancer metastasis, is ascribable to the high expression of DSGCI
in these cells.

MATERIALS AND METHODS

Cell Lines and Cell Culture. Cell line TOS-1 was derived from a back
metastaticsite (spindle cell type and clear cell mixture type RCC) of a
62-year-old man. TOS-2 was derived from an axillary s.c. metastatic site (clear

cell type RCC) of a 78-year-old man. Both these cell lines grew well in culture,
for over 20 months. SMKT-R-l, -3, and -4 were established from a primary
lesion of human RCC (16, 17). ACHN (purchased from Dainihonseiyaku Co.,

Tokyo, Japan) was from a malignant pleural effusion of a man with metastatic
RCC.Eachof these cell lines was culturedin MEM (Life Technologies, Inc.,
Grand Island, NY) supplemented with 10% FCS and containing 0.1% peal
cillin (1000 units/ml) and 10 mg/ml streptomycin (Life Technologies, Inc.) in

a humidified atmosphere of 5% CO2. at 37Â°C.
NormalHUVEC wereobtainedfrom CloneticsCorp.(SanDiego,CA) and

cultured in medium containing endothelial cell growth factor.
PromyelocyticleukemiaHL6O and histiocytic leukemiaU937 cell lines

were obtained from American Type Culture Collection (Rockville, MD) and
cultured in RPM! supplemented with 10% FCS.

GSL Extractio0. Cell lines were cultureduntil total cell mass was >500
mg (@@l08cells). Cells were washed three times in PBS and harvested by
centrifugation. GSLs were extracted as described previously (13). Briefly, a
crude GSL fraction was extracted from cell pellets by homogenization and
filtration with isopropanol:hexane:water (55:25:20) and CM (2:1, 1:1, and 1:2

v/v). The sample was divided into upper and lower phases by Folch's partition

(18). The upperphasewas dialyzedagainstdistilledwaterfor 2 days andthen
divided into upper neutral and acidic fractions by DEAE Sephadex A25
column chromatography (19). Acidic fractions containing gangliosides cx
tracted from cells and standard gangliosides were placed on high-performance
TLC plates (Whatman HPKF, Clifton, NJ) using a microsyringe. The solvent
for high-performance TLC was CMW 50:40:10 containing 0.05% CaCl2. The
detection reagent was orcinol-sulfuric acid.

TLC Immunostaining. This was performedon TLCplates(Whatman)by
a modified version of Magnani's procedure (20). Total ganglioside fractions

were applied on TLC plates for chromatography using a solvent system of
CMW 50:40:10 containing 0.05% CaC12.Plates were air-dried and immersed
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Table 1 Structuresand definingmAbsofMSGG andDSGGStructure

DefmingmAbMSGGGal@l
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D1SIALOSYLGALACFOSYLGLOBOSIDEIN RCC

Cell Adhesion in a Dynamic Flow System. A parallel-plate laminar flow
chamber connected to an infusion pump was constructed and used as described
previously (25, 26). Briefly, the chamber consisted of a glass plate and a
parallel, transparent plastic surface. A silane-coated glass slide mounted with
lung tissue, or a slide on which HUVEC were grown to a confluent monolayer,

was placed in the chamber. Laminar flow with defined wall shear stress was

achieved by manipulation of the pump. Suspended cells with or without prior
treatmentwith mAb or EDTA werepassedthroughthechamber.Cell move
ments were observed under inverted phase contrast microscope and recorded
by a time-lapse videocassette recorder. Adhesion was observed as rolling

followedby stoppingof cells.Numbersof cellsboundduringa 3-mminterval
at various shear stresses(1.7â€”7.7dynes/cm2) were counted from several fields
recorded on videotape. Shear stress (7) was calculated by the equation of

Lawrence et a!. (25).
Adhesion of Glycolipid-coated fluorescent Beads to Lung Tissue. To

confirm the direct interaction of DSGG with lung tissue, fluorescent
polystyrenebeads(FluoSpheres,4.0 @.tmdiameter;Molecular Probes,Eu
gene, OR) were washed in ethanol. Various glycolipids (20 @g)were
dissolved in CM 2:1 and mixed with @5X l0@ beads resuspended in 40 @l

ethanol. Mixtures were dried under nitrogen stream, and the residue was

suspended in 100 ml of0.l M NaCI containing 0.3% gelatin. Tissue sections

on glassplateswerepreincubatedwith 0.3% gelatin in 0.1MNaC1at room
temp for 1 h. Sectionswerethen placedin the glycolipid-fluorescent bead
suspension and incubated at room temp for 20 mm in a moist chamber on

a gyratory shaker (50 rpm). Sections were washed by dipping in 150 ml
PBS 18 times and stained in H&E. Beads adheringto tissue were observed
by fluorescence microscopy.

Selectin-dependent Adhesion Assay. Soluble fusion proteins of human E
and P-selectin were prepared as reported previously (27). Briefly, Chinese
hamsterovaryDG44cells(donatedby Dr. L. A. Chasm,ColumbiaUniversity,
NY) were contransfected with pCDM8 containing E- or P-selectin and human
IgGl Fc portion (donated by Dr. Brian Seed, Massachusetts General Hospital,
Boston,MA; Ref. 28) and pSV2/dhfr (AmericanType Culture Collection,
Rockville, MD), and amplified with methotrexate (Sigma). Ninety-six-well
flat-bottomedmicrotiterplates(Falcon,Becton-Dickinson,Lincoln Park,NJ)
were coated with goat antihuman IgG antibody (50 @lof 5 @.tWmlsolution/
well). Wells were washed three times with PBS, blocked with 5% BSA in PBS,
coated with 100 p3 of selectin fusion protein (culture supernatant containing
-.- I @g/ml fusion protein) or human IgGl in PBS for 2 h at room temperature,

and washed three times with binding buffer [HBSS, 1% FCS, 10 mi@iHEPES
(pH 7.4), and 0.05% NaN3]. [3Himymidine-labeled tumor cells were detached
with EDTA, washed, resuspended in binding buffer, added to each well, and

allowedto bind for 20 mm at room temperature.After washingout unbound
cells, bound cells were detached with trypsin EDTA and counted by scintil

lation counter.
We also tested E-selectin-dependent binding activity using HUVEC.

Cells were grown to confluency in 96-well plates and stimulated with
TNF-a (Genzyme Corp., Cambridge, MA) at 100 units/ml. After 4 h
incubation at 37Â°C,cells were washed with binding buffer. [3H]Thymidine

labeled tumor cells were added to the HUVEC and assayed for binding
activity as described above. HUVEC without TNF-a stimulation were used
as a negative control.

in 0.5%-poly(isobutyl-metacrylate) (high molecular weight; Aldrich Chemical
Co., Milwaukee,WI) in etherfor 1 mm, blocked with 5% BSA in PBS for 1
h at room temp. and then reacted overnight with mAb RM1 or RM2 at 4Â°C.
Plateswerewashed,incubatedwith biotinylatedsecondaryantibodyfor 1 h,
incubated with Vector avidin-biotin solution for 30 mm, and stained with
3',3-diaminobenzidine.

Flow Cytometry. Cells were incubated with mAb RM2, RM1, SNH4
(IgG3) (21), or CA19-9 (10 @tg/ml;Ref. 22) in PBSSA (PBS containing 1%
BSA and 0.1% sodium azide) for 90 mm on ice. Cells were washed with
PBSSA and incubatedwith fluorescein-conjugatedgoat F(ab')2 anti-(mouse
IgG+IgM) (Tago, Inc., Burlingame, CA) for 45 mm on ice; then cells were
washed and fixed with 1%paraformaldehyde in PBS. Non-immune mouse IgG
or 1gM was used as negative control. Cells (l0@) were analyzed by cytometry

(EPICS Profile; Coulter Electronics Corp., Hialeah, FL), and the percentage of

positivity wasexpressedrelativeto negativecontrol.
Cell Adhesion in a Static System. Surgicallyresectednormalhumanlung,

kidney, liver, and lymph node tissues were donated by the Department of

Thoracic Surgery, Institute of Development, Aging, and Cancer, School of

Medicine, Tohoku University. Frozen section assay was adapted from the
procedure of Stamper and Woodruff (23, 24). Tissues wee rapidly frozen to
â€”80Â°Cin OCT compound. Cryostat sections (8 aiM)were mounted on silane
coated microslides near one end, air-dried for â€”60mm, and stored at â€”20Â°C
until usein a tightly closedslidebox.Prior to thecell adhesionassay,5%BSA
containingPBSwaslayeredon thesectionsfor 1h. Cell linesTOS-l, ACHN,
and SMKT-R-4 were used for the assay. For inhibition of cell adhesion, mAbs
RMI and RM2 were preincubated with cultured tumor cells at 25â€”50@g/mlfor
30 mm at room temp prior to the adhesion assay. For controls, TOS-l cells
weretreatedwith 10 @g/mlmouse1gM(ZymedLaboratoriesInc.,SanFran
cisco, CA), or with Arthrobacter ureafaciens sialidase (Sigma Chemical Co.;

0.1 unit/ml), in PBS at 4Â°Cfor 30 mm. After treatment, cell viability was tested
using trypan blue.

The assaywasinitiatedby layering100pi of cell suspensions(I X l0'@/mi)
kept at 4Â°Cin assay medium(MEMcontaining 1%FCS Â±5 mi@iEDTA)onto the
sections. Slides were rotated on a platform at 70 rpm for 30 mm at room
temperature. Unbound cells were decanted and washed by dipping the slides
repeatedly in cold PBS. Sections were then fixed in methanol, stained with

hematoxylin/eosin, and examined under a light microscope. Cells bound to lung
alveolar tissue were counted visually (X200; from three to five separate sections
each from various regions of the lung, five fields/section; assay was performed in

duplicate).Data points representmean Â±SE for regions of the lung.
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Fig. 1. TLC pattem of gangliosides from RCC lines and their immunostaining by mAbs RMI and RM2. Left panel. orcinol-sulfuric acid staining of total ganglioside fraction. Lone

1, @fiedMSGG (upper band) and DSGG (lower band) isolated from renal tumor tissue (structures are shown in Table I). Lone 2, TOS-l; Lane 3, TOS-M; Lone 4, TOS-2; Lane
5, ACHN; Lone 6, SMKT-R-l; Lone 7, SMKT-R-3. Middle panel, RM1 immunostaining of the same TLC as in the left panel. Right panel, RM2 immunostaining of the same TLC
as in left panel.
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Fig. 2. Reactivities of various RCC lines with mAbs directed to
SLeX.SLea, and globo-series gangliosides. Reactivities were deter
mined by flow cytometry and expressedas the percentageof
positivity relative to control murine IgG. RM2 reactivity wasde
terminal by FACSCan(Becton-Dickinson); other reactivities were
determined by EPICS analyzer. The expression of SLeÂ°was deter
mined by mAb SNH4 (IgG3); SLeÂ°was determinedby CA19-9
(IgGl); MSGG was determined by RM 1; and DSGG was deter
minedby RM2. Control reactivitiesof HL6Ocells (for SNH4)and
Colo2OS(for CA19-9) wereboth 100%.
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mc immunostainingwithRM1revealedincreasedMSGCIincell
lines ACHN and TOS-2 (Fig. 1, middle panel, Lanes 4 and 5).
Immunostaining with RM2 revealed increased DSGQ in TOS-1 and
TOS-M (Fig. 1, right panel). No clear expression of globo-series
gangliosides reactive with RM1 or RM2 was observed for SMKT
R-1, -3, or -4 (Fig. 1, middle and right panels, Lanes 6â€”8).
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Fig. 3. Binding patterns of RCC lines to human normal lung tissue sections. a. comparative adhesion of TOS-l, ACHN, and SMKT-R-4. Frozen sections prepared by cryostat were
placed on an objective glass plate and incubated with suspensions of RCC lines (1 X l0@cells) in 100 @i.lof MEM containing 1% FCS for 30 mm. Cells were harvested with 0.02%
EDTA, and 106cells/mI suspensions in MEM were prepared. Bar, 100 @tm.X100.Note that only TOS-l adhered strongly. b, effects of mAbs, EDTA, and sialidase on binding of TOS-l
to lung sections.Cells were incubatedwith RM1 or RM2 (20 @g/ml)for 30 min, treatedwith sialidase(0.1 unit/mI) for 30 mm, or treatedwith EDTA (5 msi), andthenplacedon
tissue sections. Only RM2 and sialidase inhibited binding. EDTA had no effect on adhesion, even at increased concentration (10 msi).

-.

.pp&@@
.â€˜- ,..@.

y@.. @.@

.@ Controla

EDTA

1934

RESULTS

GSL Expression Patterns of Eight RCC Lines. Orcinol-sulfuric
acid staining patterns of GSLs from seven of the cell lines are shown
in Fig. 1, left panel. Greatly increased concentration of the band
corresponding to MSGC and slightly increased concentration of
DSGG were observed in cell lines derived from metastatic deposits.

@â€œ

:@r@:@
a- :@ @c â€¢@ :*

,..â€¢. ,t â€¢@ :

RM1



DISIALOSYL GALACTOSYLGLOBOSIDEIN RCC

Kidney Liver

.@@ .â€¢!.,@.â€¢

.@;;@.r â€¢ â€¢@@@

.g@ *

. . .:@@@@ â€¢

â€˜@ ,@ ..@@ . ,
c. â€¢â€¢@-.:;.i.t@â€¢@,@cc@ .@@ . .
. . â€¢:@ . â€˜ S

__â€˜Sâ€¢@@ â€˜@..
,.- S.,@..@@@ â€¢â€˜@.@_ 4

@ .@ ,,-....
!i@ f@.-(@@ @â€˜@

â€¢@,.@@ 1@â€¢.,..

â€¢-.-,@.. :5;r;:4;.,.. .@
. .â€˜. @cr,1@ â€¢@ â€¢. â€¢

4 :@ â€˜â€¢@;:â€¢@â€¢â€¢@ S

@@@ . ..@. ..

f S@@@ â€¢S@@@@ -@

.@ â€˜.5.@.S\@@
3

@ S@7'i_@,:@@ @:â€˜-â€˜@k;@--.â€¢S: :
5,@@@ 3

Fig. 4. Binding of RCC lines (TOS-l, ACHN,
and SMKT-R-4) to frozen kidney and liver sec
tions. Conditions as described for Fig. 3. No sig
nificantadhesionwasobservedfor anyof theRCC
line/tissue combinations.
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Reactivities of RCC Lines with mAbs Directed to Four Sialosyl
Epitopes. Five RCC lines were analyzed by flow cytometiy for their
reactivity with four mAbs directed to SLea,SLeX,MSGG, and DSGG. In
each case, reactivity was expressed as the percentage of positive cells
relativeto negativecontrol(mouseIgG),asshownin Fig.2.Noneof the
RCC lines reacted with anti-SLe@'CA19-9 or anti@SLexSNH4, whereas
Co1o205 showed 100% reactivity with CA19-9 and HL6O showed >99%
reactivity with SNH4 (data not shown). ACHN and TOS-2 cells reacted
with anti-MSGG RM1. Only TOS-l reacted strongly with anti-DSGG
RM2. Intensity ofreactivity ofTOS-l cells with RM2 was much stronger
than that of TOS-2 cells with RM1. TOS-l showed no reactivity what
soeverwith RM1, andTOS-2 did not reactwith RM2. SMKT-R-3 and-4
did not react with any of the mAbs.

Adhesion of RCC Lines to Frozen Tissue Sections by Stamper
Woodruff Assay. RCC shows a higher incidence of blood-borne
metastasis to lung compared to other organs, in addition to the
regional lymph nodes metastasis, which is common to all carcinomas.
To test the possibility of preferential adhesion of RCC to lung sections
as a basis for preferential lung metastasis, we studied adhesion of
various RCC lines to frozen sections of lung (Fig. 3) and kidney and
liver (Fig. 4) by Stamper-Woodruff assay. Only TOS-l (but not
TOS-2, ACHN, or SMKT-R-4; Fig. 3a) adhered strongly to the lung
sections, particularly at alveolar (including perialveolar microvascu
lar) tissues. A typical TOS-l adhesion pattern is shown in Fig. 3a,
upperpanel. TOS-1 cells preincubated with mAb RM2 or treated with
sialidase showed no adhesion to lung (Fig. 3b, RM2). Adhesion of
TOS-1 to lung was not reduced by mAb RM1 or EDTA (Fig. 3b).
Although adhesionof ACHN to alveolarand perialveolartissueswas
much weaker than that of lOS-i, it was slightly stronger than that of
SMKI-R-4 (P < 0.05; Fig. 3a, ACHY). ACHN adhesion was not
inhibited by EDTA, RM1, RM2, or sialidase (data not shown).

There was no significant adhesion oflOS-1, ACHN, or SMKT-R-4
to kidney or liver sections(Fig. 4). Quantitativecell adhesionto lung,

and effects of mAb RM2 and RM1, EDTA, and sialidase, are shown
in Fig. 5. Only 105-1 showed strong adhesion to lung (Fig. 5a). This
adhesion was inhibited by RM2 and sialidase but was unaffected by
RM1 or EDTA (Fig. Sb).

Adhesion of RCC Lines to Lung Sections under Dynamic Flow
Conditions. Adhesion of TOS-l, ACHN, and SMKT-R-4 to lung
sections was studied under various shear stresses as described in
â€œMaterialsand Methods.â€•Only 105-1 adheredsignificantly (Fig. 6a).
The other two lines showed minimal or no adhesion, even at low shear
stress.Effects of mAbs RM1 and RM2 and EDTA on TOS-l adhesion
to lung sections are illustrated in Fig. 6b. Only RM2 significantly
inhibited the adhesion at various shear stresses.

Adhesion of DSGG-COated fluorescent Beads to Lung Sections.
DSGG-coated beads showed higher binding to lung tissue than did
MSGG- or paragloboside-coated beads under the conditions described
in â€œMaterialsand Methods.â€•The number of beads bound was too
small for quantitative determination.

Selectin-dependent Adhesion of RCC Lines, HL6O, and U937.
E- and P-selectin-dependent adhesion of three RCC lines (105-1,
SMKT-R-4, and ACHN) was compared to that of HL6O and U937
(Fig. 7). None of the RCC lines showed appreciable adhesion to
E-selectin (Fig. 7A), P-selectin (Fig. 7B), or TNF-a-stimulated HU
VEC (Fig. 7C). Positive control cells (HL6O and U937) adhered
strongly to E- and P-selectin and activated HUVEC (Fig. 7).

DISCUSSION

Occurrence of tumor cell metastasis depends on many mechanisms
and factors, including: (a) decreased adhesion between cells within
the tumor cell mass through intercellular adhesion molecules such as
E-cadherin (29, 30) and LeA (31); (b) interaction (adhesion) of tumor
cells through their adhesion receptors (integrins and Ig family recep
tors) with extracellular matrix (e.g., basement membrane) or surfaces
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Fig. 6. Binding of RCC lines to lung sections under dynamic flow conditions. a, lung
sectionspreparedasin Fig. 3 wereplacedin a laminarflow chamberasdescribedin the
text.Cell suspensionswerepreparedby harvestingwith 0.02%EDTA in PBS,with final
concentrationadjustedto 1 x 10' cells/ml, and introducedinto the system.Wall shear
stresswas varied, asexplained in the text. Cell number (ordinate) is expressedas per mm2
of tissue area. Mean values are from counts of 10 fields from one lung section from each
of three individuals. Bars, SE. P < 0.05 for adhesion of TOS-l vs. SMKT-R-4 and TOS-l
vs. ACHN at 3 and 7.7 dynes/cm2 shear stress. b. effects of mAbs RM1 and RM2 and
EDTA on TOS-l adhesion in this system. Conditions are as described for Fig. 3. Mean
values are from counts of 10 fields from one section from each of three individuals. Bars,
SE.

of expression of galactosylgloboside (Gal@3lâ€”@3-GalNAcf3l--*
3Galalâ€”Ã·4Galj3l--*4Glcf3l---@lCer;identical to â€œstage-specificem
bryonic antigen-3â€•)was inversely correlated with metastatic potential,
i.e., expression of this antigen inhibits metastasis (47). Similarly,
elevated expression of SLeX in RCC indicates a higher grade of
differentiation and is inversely correlated with metastatic potential
and malignancy (14). This is in striking contrast to colonic or gastric
cancers in which 5J@Xor SLeâ€•expression is directly correlated with
metastatic potential (10, 39, 40). Our recent clinicopathological stud
ies on RCC revealed that expression of sialosyl galactosylgloboside
(globo-series ganglioside; stage-specific embryonic antigen-4), de
fined by mAbs RM2 and RM1, is closely related to the degree of
metastatic potential.3 mAb RM2 defines the novel ganglioside DSGG,
whereas mAb RM1 defined previously known MSGG (Ref. 15;
Table 1).

We established several RCC lines and measured their reactivity
with various anti-ganglioside mAbs. Binding of these RCC lines with
frozen sections of lung, kidney, liver, and lymph node was also
examined. RCC line 105-1 was highly reactive with anti-DSGG mAb
RM2. Adhesion of ACHN and SMKT-R-4 to lung was much weaker
than that of TOS-l. This weak adhesion was not abolished by treat
ment with sialidase or anti-MSGG mAb RM1. Only TOS-l adhesion
was inhibited by treatment with sialidase or mAb RM2. This inhibi
tion was also seen under dynamic flow conditions.

of other cell types (32); (c) ability of tumor cells to activate platelets
and endothelial cells to elicit expression of selectins and other adhe
sion molecules (33); (d) tumor cell interaction through galectin that
recognizes target cell surface carbohydrate (34, 35); (e) increased
motility of tumor cells for infiltration of normal tissues (36); and (J)
their enhanced proteolytic or glycosidase activity (37, 38). Process c
depends on expression of SLeX or SLeâ€•on tumor cells (10, 39, 40).
Processese andf may depend on specific glycosylation pattern, e.g.,
enhanced GlcNAc-V (41) or Le@expression (8, 42), or aberrant
glycosylation in polylactosamine of lysomal membrane protein-l
(43). Glycosylation-dependent changes in metastatic potential have
been well documented in a variety of experimental tumors (37, 38,
43).A possiblecorrelationof metastaticpotentialwith@
expression, the target of E- and P-selectin in tumor cells, is a major
focus of recent studies (10, 39, 40). Expression of SLeXand@ in
primary tumors is closely correlated with invasiveness (40), metasta
sis (44), and patient survival (10, 11, 45, 46). This trend is not
observed in RCC (14).

Glycosylation patterns of tumor cells and their correlation with
malignancy vary extensively, depending on the stage and type of
tumor. In our previous studies on seminoma, we found that the degree
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Fig. 5. Quantitative RCC adhesion to normal lung tissue. Results shown in Fig. 3 are
expressed by bar graph. a. number of cells bound to alveolar (including penalveolar
microvascular) tissue. Cells did not bind to bronchi, bronchioles, large veins, or arteries.
Cell numbers were counted in five different fields from each of five different individuals,
meannumberperfield is shownin thegraph.Bars.SE.Â°,P < 0.01(Student'st test)and
for SMKT-R-4 vs. TOS-l comparisonand ACHN vs. TOS-l comparison.b, effect of
mAbs, EDTA, and sialidase on binding of TOS-l to lung. Number of bound cells
determined as in a. Incubation of cells with mAbs RMI and RM2, EDTA, and sialidase
as described for Fig. 3. Â°,P < 0.01 for RM2- and sialidase-treated TOS-l binding
compared to control cell binding. Binding was unaffected by RM1 or EDTA treatment. 3 5. Saito, M. Sato, S. Orikasa, and C. Ohyama, unpublished data.
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notRM1; (d) the adhesionwasalsoinhibitedby sialidasetreatmentof
TOS-i cells; and (e) fluorescent beads coated with DSGCI showed
preferential adhesion to lung tissue. Inhibition by liposomes contain
ing DSGG is theoretically possible, but in previous studies along this
line, nonspecific adhesion of liposomes to tissue sections obscured the
results. Adhesion of 105-i to lung sections is not affected by EDTA,
which rules out the possibility of involvement of C-type (calcium
dependent) lectins (48) or known sialoadhesins (49, 50). The presenceofa1â€”@4Gallinkageattheinternalcarbohydratechainproducesa
unique conformation and orientation of the nonreducing terminus of
disalosylated Galf31-@'3GalNAc structure (15). Therefore, the recep
tor molecule present on alveolar lung tissue that recognizes this
disialosyl structure is presumably highly specific and essential for
initiating the process of RCC metastasis to lung. The recognition
could be based on a novel, specific â€œsialoadhesinâ€•different from
known types (49, 50). Alternatively, it could be based on carbohy
drate-carbohydrateinteraction,ashasbeenobservedbetweenGg3Cer
and 0M3 gB.flglioside (3, 51), between KDN 0M3 and Gg3Cer, and
between sulfatide and GalCer (52). KDN G@3-Gg3Cerinteraction is
not EDTA sensitiveand doesnot requirebivalent cation.4Identifica
tion of such a molecule expressed on normal lung tissue is essential
for understandingthe mechanismof RCC metastasis,and studies
along this line are underway.
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