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Expression as well as properties of integrins are altered upon transformation. Cell
adhesion regulated by integrins is modulated by glycosylation, one of the most fre-
quent biochemical alteration associated with tumorogenesis. Characterisation of car-
bohydrate moieties of a3 integrin on the cultured human bladder carcinoma (T-24,
Hu456, HCV 29T) and human normal ureter and bladder epithelium (HCV 29, Hu609)
cell lines was carried out after an electrophoresis and blotting, followed by immuno-
chemical identification of a3 and 3 integrin chains and analysis of their carbohy-
drates moieties using highly specific digoxigenin-labelled lectins. In all the studied cell
lines a3f; integrin was glycosylated although in general each subunit differently. Ba-
sic structures recognized in §; subunit were tri- or tetraantennary complex type
glycans in some cases sialylated (T-24, HCV 29, HCV 29T) and fucosylated (Hu609,
HCV 29T). Positive reaction with Phaseolus vulgaris agglutinin and Datura stra-
monium agglutinin suggesting the presence of $1-6 branched N-linked oligosaccha-
rides was found in cancerous cell lines (T-24, Hu456) as well as in normal bladder epi-
thelium cells (Hu609). High mannose type glycan was found only in $; subunit from
Hu456 transitional cell cancer line. On the other hand 3 subunit was much less
glycosylated except the invasive cancer cell line T-24 where high mannose as well as
sialylated tri- or tetraantennary complex type glycans were detected. This observation
suggests that changes in glycosylation profile attributed to invasive phenotype are

rather associated with 3 not 5 subunit.
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Integrins are a family of heterodimeric cell
adhesion molecules involved in a variety of bi-
ological processes. These cell surface recep-
tors mediate cell-extracellular matrix and
cell-cell interactions. They consist of non-
covalently bound « and 8 subunits that asso-
ciate in various combinations forming ligands
of different specificity. To date, at least 22 dif-
ferent integrins are known. It has become
clear that integrins are not only involved in
cell adhesion but in signal transduction as
well. It is thought that  subunit intracellular
domain participates in association with the
cytoskeleton in focal adhesion [1-4].

There are a number of indications that
integrins are altered upon transformation
[6-9]. One of the most consistent observation
is that the polarized distribution of integrins
seen in normal epithelia is often lost in carci-
noma. In many cases, overall expression of
integrins tends to be reduced in tumors [2].
However, there is no clear pattern for the ef-
fects of transformation on extracellular ma-
trix receptor expression. In general, the tu-
mor cells have a much greater diversity of
integrin expression than their normal cell
counterparts, particularly for such receptors
as agf1 and ayf1 that recognize many differ-
ent ligands and provide versatility for tumor
cells populations [8]. However, the loss or the
gain of expression of a particular integrin has
not been linked directly to malignant transfor-
mation, rather the changes in integrin expres-
sion seem to be tumor and integrin specific.

Recently, the 381 integrin has attracted at-
tention since its function seemed to be
versatile depending on the presence of other
integrins and bivalent cations [10]. The a30
integrin has been shown to be a receptor for
laminin [11-13], fibronectin [14] and collagen
[10]. Laminin 5 which is expressed by carci-
noma tissues of various organs, has been iden-
tified as the preferential ligand for the a0
integrin [13]. This integrin has been sug-
gested to be involved in cell-cell interactions
since it may directly interacts in a homophylic
[15] or in a heterophylic mode [16].

Oligosaccharides play a vital role in normal
growth and development of living organisms
[17]. N-glycosylation of integrin as3; is of
fundamental importance for assembly of the
subunits and maintaining of binding ability
[18]. In this paper we have analysed the carbo-
hydrate moieties of @gf; integrin in five hu-
man bladder cell lines, using reaction with
specific lectins, the method applied recently
by others in study of integrin glycans [19, 20].

MATERIALS AND METHODS

Cell lines and culture conditions. The cell
lines of non-malignant transitional epithelial
cell of bladder — Hu609, ureter — HCV 29 and
cancer lines from transitional cell cancer of
urine bladder — Hu456 [21], T-24 (HTB-4,
ATCC, [22]) and BC3726 (v-raf transfected
HCV 29 line, later named HCV 29T) were
used. These lines were obtained from Cell
Line Collection of the Institute of Immunol-
ogy and Experimental Therapy, Polish Acad-
emy of Sciences (Wroctaw, Poland).

All cell lines were maintained in RPMI 1640
medium (Sigma) supplemented with 10% fetal
calf serum (Boehringer), 100 units/ml of pen-
cillin, 100 ug/ml of streptomycin. Cells after
reaching confluency were washed twice and
then harvested in phosphate buffered saline.
The cell pellets were homogenized in 50 mM
Tris/HCI, pH 7.5, containing 1 mM EDTA and
protease inhibitor coctail (Sigma P-2714) by
sonification (three times 5 s each) (Bandelin
electronic UW 70 Sonopuls Gm 70) extracted
for 1 h on ice in the same buffer containing ad-
ditionally 0.1% Triton X-100 and 0.3% pro-
tamine sulphate. Finally cell extracts were
clarified by centrifugation at 35000 X g for
1 h (L7-65 ultracentrifuge, Beckman).

Mouse monoclonal antibodies (mAbs) to hu-
man integrin subunit §; (clone 2A4) from
Genosys, and to a3 (clone P1B5) from DAKO
were used. Secondary goat anti-mouse anti-
bodies were purchased from Boehringer.
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A Glycan Differentiation Kit, containing the
digoxigenin (DIG)-labelled lectins: Galanthus
nivalis agglutinin (GNA) — specific for termi-
nal Man (¢1-2, a1-3 or a1-6) Man units;
Sambucus nigra agglutinin (SNA) — specific
for NeuAc (a2-6) Gal; Maackia amurensis ag-
glutinin (MAA) — specific for NeuAc (a2-3)
Gal; Datura stramonium agglutinin (DSA) —
specific for Gal (1-4) GlcNAc; Aleuria
aurantia agglutinin (AAA) — specifically bind-
ing Fuc (212, al1-3, a1-6) GlcNAc and
Phaseolus vulgaris agglutinin (PHA-L) — spe-
cific for ($1-6) branched N-glycans were pur-
chased from Boehringer. PVDF membranes
were from Millipore. Other chemicals were of
the highest purity and were purchased from
Sigma.

SDS/PAGE and blotting. Cell extract pro-
teins (100 ug) were separated by 8% poly-
acrylamide gel electrophoresis in the presence
of SDS in non reducing condition according to
Laemmli [23] and transferred to an PVDF
membrane, by electrophoretic blotting [24]
for 16 h at constant current 250 mA at 4°C.
The efficiency of protein transfer was at least
95% as checked by staining the gel with
Coomassie Brilliant Blue R-250. Proteins im-
mobilised on PVDF membrane were stained
with Ponceau S followed by destaning in HyO.

Glycan chain analysis. Glycan chain analy-
sis of g and f; subunits was performed with
the use of a Glycan Differentiation Kit accord-
ing to Haselbeck et al. [25] as described in de-
tails earlier [26].

Immunodetection of a3 and ; subunits.
The blots were blocked in TBS/Tween (0.02 M
Tris/HCI, pH 7.6, containing 0.15 M NaCl and
0.1% Tween 20), with 1% bovine serum albu-
min (BSA). Afterwards, membranes were se-
quentially incubated with specific mAbs di-
luted in TBS/Tween with 1% BSA (1:200 for
f1 subunit and 3: 200 for a3 subunit) for 18 h,
and after triple wash with TBS/Tween, incu-
bated with the alkaline phosphatase coupled
goat antimouse Ig (1:500 in TBS/Tween with
1% BSA) for 1 h. The « and 8 subunits were lo-

calized on the sheet with 4-mitroblue tetra-
zolium as a substrate.

Other methods

Protein content was determined by the dye-
binding assay method [27] using bovine se-
rum albumin as a standard. Gels were cali-
brated for molecular weight determination us-
ing the Sigma standard Kit for electrophore-
sis in SDS.

RESULTS

In all cell lines the presence of agand 81 sub-
units was revealed by the reaction with spe-
cific monoclonal antibodies in cell extracts as
well as by flow cytometry. The expression was
comparable in all cell lines and ranged from
61-87% for f1 and 71-93% for ag subunits
(data not shown). The apparent molecular
weights of @3 and 1 subunits ranged from
124000 to 138000 and from 112000 to
120000, respectively.

The identification of integrin subunits and
reaction with a given lectin are presented in
Figs. 1 and 2. Only one of five examined hu-
man bladder cell lines, invasive bladder can-
cer cell line T-24 expressed g subunit that re-
acted with every used lectin except MAA. The
positive reaction of &g subunit from this line
with DSA, SNA, GNA and PHA-L indicated
the presence of high-mannose type glycans as
well as tri- and/or tertaantennary complex
type glycans with sialic acid. In two lines,
Hu456 and HCV 29 a3 subunits reacted only
with high-mannose recognising lectin — GNA,
suggesting that only this type of oligosaccha-
ride was present. No reaction of ag poly-
peptide from HCV 29T and Hu609 lines with
any of the lectins was observed under condi-
tion used in this experiment. In all five exam-
ined cell lines 81 subunit was glycosylated as
indicated by the positive reaction with the
lectins used. Reaction with PHA-L suggested
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the presence of tri- and/or tetraantennary
complex type glycans in all lines except 31
integrin chain from HCV 29. The presence of
sialic acid in 81 subunit of integrin from T-24,
HCV 29 and HCV 29T lines was indicated by
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Figure 1. Characterisation of glycan types of a3
and 3 subunits from HCV cell line probing with:
1, anti ag antibody; 2, anti (; antibody; 3,
Galanthus agglutinin; 4, Maackia
amurensis agglutinin.

nivalis

the reaction with MAA and/or SNA, the
lectins staining sialic acid  (2-3) and a (2-6)
linked to galactose, respectively. Additionally,
p1 subunits from HCV 29T, Hu456 and Hu609
possessed core fucose. Only 81 subunit from
Hu456 line reacted with GNA suggesting pres-
ence of high mannose type glycans.

DISCUSSION

Different studies have indicated that the role
of carbohydrates as components of glyco-
proteins includes stabilisation of protein con-
formation, modulation of physicochemical
properties and biological function. They pro-
vide ligands for specific recognition and bind-
ing events mediating protein targeting, cell-
matrix or cell-cell interactions [17]. One of
the most frequent biochemical changes associ-
ated with tumorogenesis and metastasis is the
altered expression and structure of cell mem-
brane oligosaccharides [28-33]. The only
changes observed up to now during the malig-
nant transformation of bladder tumor was the
loss of ABO antigens from the cell surface [34]

due to the allelic loss of the ABO glyco-
syltransferase-encoding genes [35]. Here we
described the preliminary characterisation of
oligosaccharides of agf1 integrin from human
bladder cell lines. In all the studied cell lines
this protein was glycosylated although in gen-
eral each subunit differently irrespective of
the correlation between glycosylation state of
ag and 31 subunits.

Our knowledge of the structure and function
of oligosaccharides of integrins is still frag-
mentary. Some previous studies showed that
N-glycosylation of integrin a531 was essential
for proper assemble of subunits, acquisition
of biological activity and maintaining recep-
tor-fibronectin binding function [36, 37].
Nakagawa et al. [18] using three dimensional
mapping technique identified 35 kinds of oli-
gosaccharides on human a5f; integrin, but
the most predominant was diantennary
di-2(2,3) sialyl/fucosyl structure. Recently,
Prokopishyn et al. [19] has found that agf;
integrin expressed by human colon carcinoma
cells is a major carrier of oncodevelopmental
carbohydrate epitopes whose presence may
modulate tumor cell adhesion, migration and
invasion. Studies on carbohydrate structure
of this integrin performed with glycosidase di-
gestion and lectin blotting, indicated that this
was a sialoglycoprotein and that both sub-
units contained $1-6 branched Asn-linked oli-
gosaccharides. However, more intense stain-
ing (reaction with PHA-L) was associated with
the 1 subunit [19].

It should be emphasised that our results con-
firmed the results of other studies on glyco-
sylation of integrin @ and 3 chains carried out
until now. Different glycosylation of each
integrin subunit of agf; integrin from
B16-F10 murine melanoma was shown by
Chammas et al. [38]. These studies showed
that although both chains of this integrin were
highly sialylated but only B; subunit pos-
sessed PHA-L reactive oligosaccharides.

Our data suggest that in all studied cell lines
1 subunit was more glycosylated than a3 sub-
unit despite the fact that similar number of
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potential glycosylation sites — thirteen for ag
and twelve for #1 was predicted [39]. Akiyama
et al. [36] using endoglycosidase-H for de-
glycosylation showed that only six potential

observed in T-24 line for both subunits and in
HCV 29 and HCV 29T lines for the 81 subunit
only. The two other lines Hu456 and Hu609
did not shown any reaction with MAA or SNA.
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Figure 2. Analysis of agf; integrin glycans with specific lectins.

100 ug of cell lysate was run on 8% PAGE/SDS and blotted onto PCVF membrane and probed with lectins:
Galanthus nivalis agglutinin, Maackia amurensis agglutinin, Sambucus nigra agglutinin, Phaseolus vulgaris aggluti-
nin, Datura stramonium agglutinin and Aleuria aurantia agglutinin. Immuno — @3 and f; subunit probed with
mADbs. (+) Positive reaction with lectin, (-) negative reaction. MW, molecular weight of a given subunit.

N-glycosylation sites of §1 subunit were glyco-
sylated in agf1 integrin. Digestion of the solu-
ble @381 integrin with N-glycosidase F sug-
gested that in case of f1 subunit only two or
three, and in ag subunit only two of all poten-
tial N-glycosylation sites were occupied [20].
In our studies the presence of sialic acid was

We did not find clear cut cancer-associated
changes in glycosylation profile of 31 subunit.
Among altered patterns, the expression of tri-
and tetraantennary oligosaccharides recog-
nised by PHA-L have been associated with ma-
lignant transformation of the cells. In case of
p1 subunit positive reaction with PHA-L and
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DSA suggesting the presence of f1-6-branch-
ed Asn-linked oligosaccharides was observed
in cancerous cell lines (T-24, Hu456) as well as
in normal cell line (Hu609). On the contrary,
the only ag subunit showing reaction with
PHA-L was that from T-24 line. This observa-
tion allowed us to suggest that perhaps
changes in glycosylation of a3 subunit
(branching and sialylation) of T-24 cancer
cells might be characteristic of invasive phe-
notype. The presence of this type oligosaccha-
rides was indicated to play an important role
in tumor progression by changing cell-cell
and cell-extracellular matrix interactions [19,
28, 40, 41] and in case of 337 integrin might
correlate with specific glycosylation of ¢ 3 sub-
unit.

To solve this problem further more detailed
studies using very sensitive methods of glycan
analysis are carried out.

The authors wish to thank Mrs M. Labedz
and M. Zygmunt for excellent technical assis-
tance.

REFERENCES

1. Humphries, M.J. & Newham, P. (1998) The
structure of cell-adhesion molecules. Trends
Cell Biol. 8, 78-83.

2. Keely, P., Parise, L. & dJuliano, R. (1998)
Integrins and GTPases in tumor cell growth,
motility and invasion. Trends Cell Biol. 8,
101-106.

3. Longhurst, C.M. & Jennings, L.K. (1998)
Integrin-mediated signal transduction. Cell.
Mol. Life Sci. 54, 514-526.

4. Sanders, R.J., Mainiero, F. & Giancotti, F.G.
(1998) The role of integrins in tumorogenesis
and metastasis. Cancer Invest. 16, 329-344.

5. Fujita, S., Suzuki, H., Kinoshita, M. &
Hirohashi, S. (1992) Inhibition of cell attach-
ment, invasion and metastasis of human carci-

noma cells by anti-integrin 1 subunit anti-
body. Jpn. J. Cancer Res. 83, 1317-1326.

6. Patriarca, C., Ivany, D., Fles, D., de Melker, A.,
van Doornewaard, G., Oomen, L., Alfano,
R.S., Coggi, G. & Sonnernberg, A. (1995) Dis-
tribution of extracellular and cytoplasmic do-
main of the a3 and g integrin subunits in
solid tumors. Int. J. Cancer 63, 182-189.

7. Heino, J. (1996) Biology of tumor cell inva-
sion: Interplay of cell adhesion and matrix
degradation. Int. J. Cancer 65, 717-722.

8. Judware, R. & Culp, L.A. (1997) Extracellular
matrix and matrix receptors: Alterations dur-

ing tumor progression. Encyclopedia of Cancer
1, 660-679.

9. Clezardin, P. (1998) Recent insights into the
role of integrins in cancer metastasis. Cell
Mol. Life Sci. 54, 541-548.

10. Elices, M.J., Urry, L.A. & Hemler, M.E. (1991)
Receptor function for the integrin VLA-3:
Fibronectin, collagen, and laminin binding are
differentially influenced by ARG-GLY-ASP
peptide and by divalent cations. JJ. Cell Biol.
112, 169-181.

11. Gehlsen, K.R., Dickerson, K., Argravest,
W.S., Engvall, E. & Ruoslahti, E. (1989) Sub-
unit structure of a laminin-binding integrin
and localization of its binding site on laminin.
J. Biol. Chem. 264, 19034-19038.

12.Smith, B.E., Bradshaw, A.D., Choi, E.S.H.,
Rouselle, P., Wayner, E.A. & Clegg, D.O.
(1996) Human SY5Y neuroblastoma cell inter-
actions with laminin isoforms: Neurite out-

growth on laminin-5 is mediated by integrin
asfy Cell Adhesion Comm. 3, 451-462.

13. Fukushima, Y., Ohnishi, T., Arita, N.,
Hayakawa, T. & Sekiguchi, K. (1998) Integrin
asf; mediated interaction with laminin-5
stimulates adhesion, migration and invasion
of malignat glioma cells. Int. J. Cancer 76,
63-72.



Vol. 47

Integrin glycans from different human bladder cell lines 433

14. Tawil, N.J., Gowr, V., Djoneidi, M., Nip, J.,
Carbonetti, S. & Brodt, P. (1996) Integrin
a3f1 can promote adhesion and spreading of
metastatic breast carcinoma cells on the
lymph node stroma. Int. J. Cancer 66,
703-710.

15. Sriramarao, P., Steffner, P. & Gehlsen, K.R.
(1993) Biochemical evidence for a homophilic
interaction of the agf;
Chem. 268, 22036-22041.

integrin. J. Biol.

16. Symington, B.E., Takada, Y. & Carter, W.G.
(1993) Interaction of integrins @381 and 93 ;:
Potential role in keratinocyte intercellular ad-
hesion. J. Cell Biol. 120, 523-535.

17. Varki, A. (1993) Biological roles of oligosac-
charides: All the theories are correct. Glyco-
biology 3, 97-130.

18.Nakagawa, H., Zheng, M., Hakomori, S-.,
Tsukamoto, Y., Kawamura, Y. & Takahashi, N.
(1996) Detailed oligosaccharide structures of
human integrin azfB; analyzed by three- di-
mensional mapping technique. FEur. .
Biochem. 237, 76-85.

19. Prokopishyn, N.L., Puzon-McLaughlin, W.,
Takada, Y. & Laferte, S. (1999) Integrin a30;
expressed by human colon cancer cells is a ma-
jor carrier of oncodevelopemental carbohy-
drate epitopes. J. Cell Biochem. 72, 189-209.

20.Eble, J.A., Wucherpfenning, K.W., Gauthier,
L., Dersch, P., Krukonis, E., Isberg, R.R. &
Hemler, M.E. (1998) Recombinant soluble hu-
man agf; integrin: Purification, processing,
regulation, and specific binding to laminin-5
and invasin in a mutually exclusive manner.
Biochemistry 37, 10945-10955.

21. Bubenick, J., Baresova, M., Viklicky, V.,
Jakoubkova, J., Sainerova, H. & Donner, J.
(1973) Established cell line of urinary bladder
carcinoma (T24) containing tumor specific an-
tigen. Int. J. Cancer 11, 765-773.

22.Vilien, M., B., Wolf, H.,
Rassmussen, F., Hou-Jensen, C. & Povlsen,

Christensen,

C.0. (1983) Comparative studies of normal,

‘spontaneously’ transformed and malignant
human urothelium cells in vitro. Eur. J. Can-
cer Clin. Oncol. 19, 775-789.

23.Laemmli, U.K. (1970) Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature 227, 690-685.

24.Towbin, H., Staechelin, T. & Gordon, J. (1979)
Electrophoretic transfer of proteins from
polyacrylamide gels to nitrocellulose sheets:
Procedure and some applications. Proc. Natl.

Acad. Sci. U.S.A. 76, 4350-4355.

25.Haselbeck, A., Schickanader, E., von der Eltz,
H. & Hosel, W. (1990) Structural characteriza-
tion of glycoprotein carbohydrate chains by
using digoxigenin-labeled lectins on blot. Anal.
Biochem. 191, 25-30.

26. Litynska, A. & Przybylto, M. (1998) Age-related
profile of 5-N-acetylhexosaminidase glycosyla-
tion in rat liver. Acta Biochim. Polon. 45,
791-797.

27. Bradford, M.M. (1976) A rapid and sensitive
method for quantitation of microgram quanti-
ties of protein utilizing the principle of pro-
tein-dye binding. Anal. Biochem. 72, 248-254.

28.Dennis, J.W., Laferte, S., Warghorne, C.,
Breitman, M.L. & Kerbel, R.S. (1987) 1-6
branching of Asn-linked oligosaccharides is di-
rectly associated with metastasis. Science
236, 582-584.

29.Dennis, J.W., Laferte, S. & Venderelst, I.
(1988) Asparagine-linked oligosaccharides in
malignant tumor growth. Biochem. Soc. Trans.
17, 29-31.

30.Fernandes, B., Sagman, V., Auger, M.,
Demetrio, M. & Dennis, J.W. (1991) 1-6
branched oligosaccharides as a marker of tu-
mor progression in human breast and colon
neoplasia. Cancer Res. 51, 718-723.

31. Dall’Olio, F. (1996) Protein glycosylation in
cancer biology: An overview. Clin. Mol. Pathol.
49, 126-135.



434 A. Litynska and others

2000

32.Fukuda, F. (1996) Possible roles of tumor-as-
sociated carbohydrate antigens. Cancer Res.
56, 2237-2244.

33. Laidler, P. & Litynska, A. (1997) Tumor N-gly-
cans and metastasis. Acta Biochim. Polon. 44,
343-358.

34.Orntoft, T.F. & Wolf, H. (1998) Molecular al-
teration in bladder cancer. Urol. Res. 26,
223-233.

35.0rlow, 1., Lacombe, L., Pellicer, I., Rabbani,
F., Delgado, R., Zhang, Z.-F., Szijan, I. & Cor-
don-Cardo, C. (1998) Genotypic and pheno-
typic characterization of the histoblood group
ABO(H) in primary bladder tumors. Int. oJ.
Cancer 75, 819-824.

36.Akiyama, S.K., Yamada, S.S. & Yamada, K.M.
(1989) Analysis of the role of glycosylation of
the human fibronectin receptor. J. Biol. Chem.
264, 18011-18018.

37.Zheng, M., Fang, H. & Hakomori, S. (1994)
Functional role of N-glycosylation in a5f;
integrin receptor. J. Biol. Chem. 269, 12325-
12331.

38.Chammas, R., Veiga, S.S., Travassos, L.R. &
Brentani, R.R. (1993) Functionally distinct
roles for glycosylation of @ and 8 integrin
chains in cell-matrix interactions. Proc. Natl.
Acad. Sci. U.S.A. 90, 1795-1799.

39.Takada, Y., Murphy, E., Pil, P., Chen, C.,
Ginsberg, M.H. & Hemler, M.E. (1991) Molec-
ular cloning and expression of the cDNA for al-
phag subunit of human alphagbeta; (VLA-3),
an integrin receptor for fibronectin, laminin
and collagen. J. Cell Biol. 115, 257-266.

40.Laferte, S. & Loh, L.C. (1992) Characteriza-
tion of a family of structurally related glyco-
proteins expressing 31-6 branched asparigine-

linked oligosaccharides in human colon cancer
cells. Biochem. J. 283, 193-201.

41.Demetriou, M., Nabil, I.LR., Coppolino, M.,
Dedhar, S. & Dennis, J.W. (1995) Reduced
contact-inhibition and substratum adhesion in

epithelial cells expressin GlcNAc-transferase
V. J. Cell Biol. 130, 383-392.



