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Abstract—In order to screen human tumor cells for putative cell surface marker molecules, the
glycoprotein composition of in vitro cultivated human tumor cell lines of different origin (12
carcinomas, one neuroblastoma, one melanoma and one sarcoma) was analyzed by metabolically
labelling the cells with [*H)galactose, [*H]mannose and [*H)fucose and subsequently separating
the labelled material by SDS-PAGE. The cell lines expressed their specific glycoprotein patterns.
Strongly glycosylated proteins of apparent mol. wt 40~45 kD, 60-62 kD, 8082 kD and 90-92
kD were shared by nearly all carcinoma cell lines studied. Apart from these glycoprotein clusters, a
great diversity was observed between tumor cell lines derived from the same organ. Three bladder
carcinoma cell lines had a 112-114 kD glycoprotein in common. Glycoprotein expression of these
cell lines remained constant during 1 yr of in vitro culture. Hence, these glycoprotein patterns seem
to be useful for monitoring the phenotypic stability of cell lines. A sarcoma cell line was deficient in
incorporating fucose and showed strikingly different glycoprotein patterns compared to the other cell
lines studied. The metabolic labelling procedure revealed a wide phenotypic heterogeneity of the
human carcinoma cell lines concerning glycoprotein synthesis. This method contributes another

parameter to map the major glycoprotein species of various types of carcinomas.

INTRODUCTION

THE pETECTION of various cell surface markers both
by biochemical methods and by application of
monoclonal antibodies has facilitated the classifica-
tion and diagnosis of human tumors traditionally
based on histomorphological criteria. Thus, anti-
gens of glycoprotein nature expressed on human
leukemic cells [1] and on tumor cells of epithelial
origin [2] have recently been described. So far, the
existence of a tumor-specific antigen could not
clearly be shown. In most cases the respective
antigen was also detected on the normal corres-
ponding cells. A comparison of glycoprotein pat-
terns of human carcinoma cell lines could prove
useful in a systematic search for marker antigens
uniquely expressed by one tumor type. Up to now,
mapping of glycoprotein patterns has been per-
formed with certain types of human tumors such as
leukemias [3], melanomas [4], colon carcinomas
[5] and lung carcinomas [6]. Due to different
methodological approaches a direct comparison of
these glycoprotein patterns is difficult.

In this study the glycoprotein composition of a
large variety of human tumor cell lines was analy-
zed by metabélically labelling the cells with triti-
ated carbohydrate precursors and subsequently
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separating the glycoproteins by SDS-polyacryla-
mide gel electrophoresis. This sensitive method
enables the characterization of glycoprotein ex-
pression concerning glycosylation dynamics. As a
prerequisite for in vitro studies of this kind we also
investigated the stability of marker expression
under standard culture conditions.

MATERIALS AND METHODS

Tumor cell lines and culture conditions

The following in vitro passaged human tumor
lines were used in the experiments: a large cell lung
carcinoma cell line, ChaGo [7]; a small cell lung
carcinoma cell line, oat-75 [8]; a squamous cell
lung carcinoma cell line, SK-LC-LL [9]; a cell line
derived from a lymph node metastasis of an adeno/
squamous cell lung carcinoma, L26l, kindly pro-
vided by Dr. Sonka, German Cancer Center,
Heidelberg; two colon carcinoma cell lines, HT-29
[10] and WiDr [9]; a larynx carcinoma cell line,
HEp-2 [9]; a cervix carcinoma cell line, ME-180
[9]; a mamma carcinoma cell line, AlAb [9]; three
bladder carcinoma cell lines, J82 [11], RT 4 [12],
T24 [12], all kindly supplied by Dr. C. O’Toole,
Department of Pathology, Addenbrooke’s Hospit-
al, Cambridge, UK; a melanoma cell line, MML
I1, kindly obtained from Dr. Tilgen, Dermatology
Department, University Clinics, Heidelberg; a sar-
coma cell line, P5A; and a neuroblastoma cell line,
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SK-N-SH [13]. All cell lines were adherent and
were cultured in RPMI 1640 medium (Gibco-
Biocult, Glasgow, U.K.) supplemented with 10%
fetal calf serum. The cell cultures were routinely
screened for the absence of mycoplasms [14]. Con-
taminated cell cultures were freed from myco-
plasms by treatment with tiamutin and minocy-
clin, as described by Schmidt and Erfle [15].

Incorporation assays

For determination of cell proliferation 1 pCi of
[*H]thymidine (23.6 Ci/mmol) adjusted to 5 pM
with unlabelled thymidine, for determination of
protein synthesis 1 pCi of [*H]leucine (60 Ci/
mmol) and for determination of glycoconjugate
synthesis 2 wCi of [*H]galactose (15 Ci/mmol) and
2 pCi of [*H]fucose (24 Ci/mmol) adjusted to a
final concentration of 20 wM with the respective
unlabelled carbohydrates were added in 20-pl por-
tions to 2 X 10° cells/well (flat-bottomed; Greiner,
Niurtingen, F.R.G.) at the beginning of the assays.
All radioactive substances were supplied by Amer-
sham & Buchler, Braunschweig, F.R.G. The cells
were harvested after 24 hr by acid precipitation
with 0.4 M perchloric acid on glass fiber filters
using a skatron multiple cell culture harvester
(Flow, Bonn, F.R.G.). Samples were counted in
emulsifier scintillator solution in a Packard liquid
scintillation counter. All incorporation experi-
ments were carried out in triplicate.

Incorporation of *H-labelled sugars into tumor cells,
SDS-PAGE and autoradiography

For metabolic labelling of glycoproteins ex-
ponentially growing tumor cells were seeded into

flat bottom microtiter plates at a concentration of 2

X 10° cells/well. To avoid alterations of cell surface
molecules by trypsination the adherent cells were
mechanically scraped off the culture plates. Viabil-
ity of the cell cultures thus treated was over 90% as
measured by the Trypan blue exclusion test. Cells
were labelled with 20 pCi [p-1-3H]galactose/well,
20 pCi [p-2-°H]mannose/well (9.3 Ci/mmol) and
20 pCi of [L-6->H]fucose/well for 16 hr under
regular culture conditions. Cells were harvested,
then triplicates were pooled and washed twice with
phosphate-buffered saline. Cell-bound proteins
were solubilized in Triton X-100 extraction buffer
[16]. After centrifugation in an Eppendorf centri-
fuge for 15 min at 4°C supernatants were mixed
with 0.5 M Tris—HCI buffer, pH 6.8, containing
2% SDS (v/v) and were heated in a boiling water
bath for 3 min. Proteins were precipitated with
cold acetone and the precipitate was solubilized in
disintegration buffer [17] containing 2% SDS and
2% 2-ME. Samples were applied to polyacryla-
mide slab gel electrophoresis in 8% gels using a
discontinuous buffer system according to Laemmli

[17]. Myosin (mol. wt 200,000), phosphorylase B
(192,500), bovine serum albumin (69,000), ovalbu-
min (46,000) and carbonic anhydrase (30,000), all
methyl-'*C-labelled, were used as reference pro-
teins. Slab gels were fixed overnight in an isopropa-
nol/acetic acid/water mixture (2.5/1/6.5, v/v/v)
and then treated with a DMSO solution containing
2.5-diphenyloxazol according to Bonner and Las-
key {18]. RPX-O-mat X-ray films (Kodak,
Rochester, NY, U.S.A.) were exposed to the dried
gels for 14-21 days. For comparative evaluation
autoradiograms were scanned with a Chromos-
can 3 (Joyce-Loebl, Diisseldorf, F.R.G.).

RESULTS

Incorporation of precursors

In order to determine whether the glycosylation
rate of proteins was correlated with protein synth-
esis and proliferation, incorporation of radioactive-
ly labelled precursors into tumor cell lines was
measured. When comparing the amount of in-
corporated precursors into the cell lines (Table 1),
DNA- and protein synthesis always showed similar
dynamics while the incorporation of carbohydrates
showed different dynamics. These results indicate
that glycosylation is not directly dependent on the
degree of protein synthesis and proliferation. Gly-
coprotein patterns obtained by the metabolic
labelling method do not necesarily reflect turnover
rates of proteins but rather point to cell line specific
glycosylation patterns of surface expressed pro-
teins.

Glycoprotein patterns of tumor cell lines

Glycoprotein (gp) patterns of 15 human tumor cell
lines were obtained by metabolic labelling with radio-
active carbohydrates. We chose [*H]galactose,
[®*H]mannose and [*H]fucose because these sugars
represent some of the major constituents of the
carbohydrate moieties of glycoproteins. According
to the migration of the calibration proteins,
molecular weights could be determined in the
range of 35 to about 200 kD, using 8% gels
throughout the experiments.

In general, all carcinoma cell lines shared gps
clustered at apparent mol. wts of 4045 kD, 60-62
kD, 80-82 kD and 90-92 kD. Individual glycopro-
tein patterns of all cell lines studied will be de-
scribed comparatively according to the origin of
the respective tumor lines.

Labelling patterns of lung carcinoma cell lines

The four cell lines studied represent the major
types of lung cancer: squamous cell carcinoma
(SK-LC-LL), adeno carcinoma (L261), large cell
carcinoma (ChaGo) and small cell carcinoma (oat-
75). Glycoprotein patterns of these cell lines are
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Table |. Incorporation of 3H-labelled precursors into carcinoma cell lines

Tumor

cell line (*H]Thymidine [*H]Leucine  [*H]Galactose [*H]Fucose
SK-LC-LL 7 800* 15500 42800 12 300
ChaGo 29600 29600 45 800 13400
.26 1 3000 13 600 15500 1900
WiDr 12900 19600 53900 15000
Hep-2 16 400 18800 32600 8300
AlAb 17 500 23100 30600 3600

* cpm/culture after 24 hr pulse labelling.

shown in Fig. 1.

Cell line SK-LC-LL was characterized by two
strongly [®H]galactose-labelled, high-molecular-
weight bands (185 kD, 200 kD). In comparison to
the other lung carcinoma cell lines, SK-LC-LL
displayed a strikingly high number of gps only
labelled with [*H]mannose, which points to the
presence of ‘high-mannose-type’ gps (39, 42, 47,
54, 60, 92, 111, 121, 136, 163 kD). Some bands
were only visible with [°H]fucose label (40, 44, 49,
55, 75, 86, 94 kD). Some bands were labelled both
with [*H]mannose and [*H]fucose. Tumor cell line
L26 | had its specific gps labelled with all three
markers (hereafter described as ‘completely label-
led’) (58, 72, 97, 112, 124, 132, 154 kD). High-
molecular-weight gps, above 154 kD, were absent
in this cell line.

Completely labelled gps of cell line ChaGo could
be identified at mol. wts 104, 122, 134, 177 kD.
Highly fucosylated gps were at the position of 42,
48, 50, 150, 198 kD. Small cell carcinoma line

oat-75 displayed its completely labelled gps mar-
kers at mol. wt 50, 78, 180 kD, a [*H]galactose-
labelled gp at 150 kD and some [*H]mannose-
labelled gps at 68, 72, 84, 94 kD. Glycoprotein
bands indicating a relationship of these lung-
derived tumors could not be detected.

Labelling patterns of colon carcinomas

Both colon cell lines investigated showed differ-
ent gp patterns (Fig. 2). These cell lines had in
common only a cluster of fucosylated gps in the
range of approximately 53-62 kD.

Cell line WiDr was characterized by two strong-
ly [*H]galactose-labelled bands (146, 207 kD), two
[®*H]mannose-labelled gps at 102 and 134 kD and
some bands with [°H]fucose label (48, 87, 198 kD).
The other colon cell line, HT-28, could be defined
by a specific, completely labelled gp at 106 kD,
[’H]mannose-labelled bands at 116, 138, 142 kD
and a [*H]fucose-labelled band at 126 kD.
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Fig. 1. Scanning profiles of fluorographs of *H-labelled glycoproteins derived from human lung carcinoma cell lines. (a) [*H]Galactose
label, (b) [*H]mannose label; (c) [*H] fucose label.
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Fig. 2. Scanning profiles of fuorographs of *H-labelled glycoproteins derived from human colon carcinoma cell lines. (a) [*H]Galactose
label; (b) [*H]mannose label; (c) [*H) fucose label.

Labelling patterns of bladder carcinomas

Three bladder carcinoma cell lines taken for this
study have been described by their morphology,
HLA-class I phenotypes and isoenzymes [11, 12].
Glycoprotein patterns of the bladder carcinoma
cell lines are presented in Fig. 3. Despite their
phenotypic differences, these cell lines shared a
marker gp labelled strongly with all three radioac-
tive sugars with a mol. wt of 112-114 kD. A gp with
similar characteristics was only identified in L261
cells. The well-differentiated cell line RT4 showed
more distinct bands with [*H]mannose- and
[®H]fucose label than the moderately differentiated
cell line J82. Cell line T24 derived from a highly
malignant bladder carcinoma also had a complex
banding pattern with [*H]mannose- and [*H]fucose
label, but a very weak expression of [*H]galactose-
labelled gps compared to the other bladder carcino-
ma cell lines. Apart from these general phenotypic
differences the individual cell lines could be defined
by their marker gps (RT4: completely labelled gps
94, 164, 176 kD; [*H]mannose- and [*H]-fucose-
labelled gps at 58, 66, 78, 82, 132 kD; J82: completely
labelled gps at 78, 136, 182 kD; [®*H]mannose and
[*H]fucose-labelled gps at 46, 64, 106, 142 kD; [*H]
galactose-labelled gps at 102, 158 kD; T24: complete-
ly labelled gps at 134, 182, 200 kD; [*H]galactose-
and [*H]mannose-labelled gps at 66, 146 kD;

[*H]mannose- and [*H]fucose-labelled gps at 52, 102
kD).

Antigenic changes during long-term in vitro cul-
ture of these bladder carcinoma cell lines seemed to
indicate phenotypic instability [11]. Therefore we
analyzed the glycoprotein patterns of the cell lines
again after 1 yr of in vitro culture in our laboratory
(data not shown). By comparison of the patterns,
we found that all major glycoprotein markers were
still present. We conclude that, at least in this
period, the phenotype of the cell remained con-
stant.

Labelling patterns of carcinoma cell lines of various origin
and of tumor cell lines of non-epithelial origin

Cervix carcinoma cell line, ME-180, did not
express distinct [*H]galactose-labelled gps; howev-
er, it did show complex banding patterns with
[*H]mannose and [*H]fucose (Fig. 4). Glycopro-
teins labelled with [*H]fucose were concentrated in
the range of 44-58 kD, 84, 94, 103, 112, 134, 154,
186 kD. Some of these gps were also [*H]mannose-
labelled. The mamma carcinoma cell line, AlAb,
was also characterized by expression of only a few
[®*H]galactose-labelled gps (85, 92, 104 kD). This
cell line had the most bands labelled with
[®*H]mannose/[*H]fucose (44, 48, 60, 66, 70, 75,
82, 136, 154, 169, 181 kD) and some bands with



Glycoprotein Maps of Human Tumors

277

RT4 J8az2 T24
a ™ a a
114 62 "l
02
38
82 1]
98 Mes 200] © 92 o6
e
nz
l\/\"/v .« €2 02 %
200,
!
b
b b
2z
w2 6 .
134 "
94
! 192
0 e
176 ss 4
2ef 6 | 82 4 X 82 e 52(le0
200,
c c
106
2 4,
a0
38, » 8
200
Lol
3 ' 1 A
200 00 69 48 200 00 69 48
mol wt x 1072 mol wt <1073 moi wt <103

Fig. 3. Scanning profiles of fluorographs of *H-labelled glycoproteins derived from human bladder carcinoma cell lines. (a) [*H)Galactose

ME -180

label; (b) [*H)mannose label; (c) [*H] fucose label.
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Fig. 4. Scanning profiles of fluorographs of *H-labelled glycoproteins derived from various human carcinoma cell tines. (a) [*H}Galactose

label; (b) [*Hlmannose label; (c) [*H] fucose label.
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[®H]fucose label (53, 55 kD) (Fig. 4). A cell line
derived from a metastasis of a larynx carcinoma,
HEp-2, had its specific bands with complete label
at 75, 108 and 186 kD, two bands with strong
[*H]galactose label at 78 and 87 kD and some
[*H]mannose/[*H]fucose-labelled bands (57, 96,
137 kD) (Fig. 4).

A melanoma cell line, MML 11, was defined by
strong expression of completely labelled gps at 82
and 158 kD and by [*H]mannose/[*H]fucose-
labelled gps at 62, 64, 96, 132 kD (Fig. 5).

Neuroblastoma cell line, SK-N-SH, showed a
very complex banding pattern with all carbohy-
drate markers which may point to a very differenti-
ated phenotype. By comparing this cell line with
the above described cell lines a prospective marker
of SK-N-SH could be a completely labelled gp of
190 kD (Fig. 5).

Finally, a sarcoma cell line, P5A, could be
distinguished from all tumor cell lines studied by
several criteria: (1) [*H]fucose was not incorpo-
rated into glycoproteins. This phenomenon has
been described for some murine tumor cell lines
[19, 20] and may be caused by an enzymatic defect
along the fucose-metabolization pathway; (2)
[*H]galactose-labelled gps were weakly expressed
and only a few distinct gps were seen with
[*H]mannose label; (3) glycoproteins of the clus-
ters described being present in the other tumor cell
lines, were also absent. This cell line seems to have

MML Il SK-N-SH

L1

a very slow turnover of gps and may possess only
few functionally relevant surface-bound gps.

DISCUSSION

The carbohydrate moieties of surface gps are
located on the external cell surface. A large structu-
ral variation of carbohydrate composition in gps
provides the necessary selectivity and specificity to
serve as receptor molecules. It could be shown, for
example, that lymphocytes change the glycosyla-
tion pattern of their gps after mitogen or antigen
stimulation [21]. Alterations of gps during tumor
transformation have been described in numerous
reports [22]. The information about glycosylation
patterns of human carcinoma cells is still sparse
[23].

In this study we used the metabolic labelling
method to characterize the glycosylation of gps

‘extracted from a variety of human tumor cell lines.

By the use of several carbohydrate precursors
labelling different substituents of the oligosacchar-
ide moiety the respective gp patterns of the cell
lines could be compared in a very profound man-
ner. Since carbohydrate label [24] and glycoconju-
gates are enriched on the cell surface [25], we here
discuss predominantly differences of surface ex-
pressed gps. This easily performed method gives
insight not only into gp composition but also into
turnover of gps. Besides de nove synthesis of gps, it is

P5A

i

[ “ b
1% 66
N 0 108 * a
bt 182
140
200 100 69 48 200 10093 a9 48 200 100 93 89 46
mol wt x10°3 mol wt x10°3 mol wt «107°

Fig. 5. Scanning profiles of fluorographs of 3H-labelled glycoproteins derived from cell lines MML Il (melanoma), SK-N-SH
(neuroblastoma) and P5A {(sarcoma). (a) [*H]Galactose label; (b) [*Hlmannose label; (c) [*H] fucose label.
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likely that pre-existing compounds are modified
with regard to their glycosylation. This may be
demonstrated by gps labelled with [*H]fucose only
(e.g. gps of cell line SK-LC-LL, Fig. 1). Since
fucose is a terminally situated sugar of gps and is
not converted into other sugars [26], we assume
that cell lines showing gps only labelled with
[®*H]fucose either have more defucosylated gps as
receptor molecules or have more fucose-binding
sites on present fucoproteins compared to other cell
lines. Some bands labelled both with [*H]mannose
and [*H]fucose may also, at least partly, account
for this type of glycoslyation since mannose can be
converted into fucose [27]. Furthermore, we
observed that glycosylation of gps is not directly
dependent on the degree of protein synthesis and
proliferation (Table 1).

Patterns of metabolically labelled gps are more
complex than those obtained by external labelling
via the galactose-oxidase method. Of the cell sur-
face components, only those which carry terminal
galactose or galactosamine residues are labelled by
the latter method. Frequently occurring gps with
terminal fucose or neuraminic acid are therefore
difficult to detect. Furthermore, neuraminidase
digestion used in NaB>H,/galactose oxidase tech-
nique may substantially change the molecular
weight of the respective glycoproteins. Also, this
method does not allow discrimination between gps
synthesized by the respective cells and gps
attached to the cells. Glycoprotein patterns of the
bladder carcinoma cell lines RT4, T24 and J82, the
larynx carcinoma cell line HEp2 and the mamma
carcinoma cell'line ME-180 detected by the exter-
nal labelling method revealed only a few bands, in
contrast to those shown in this paper {4, 28].
Although a direct comparison of external and
metabolical labelling methods is difficult because
of the above-mentioned reasons, some of these
bands seemed to be at the same position as in our
study.

In another approach lectins have been used to
characterize cell membrane glycoproteins either as
ligands in affinity chromatography to purify
alrcady extracted glycoproteins {29] or as probes to
label surface molecules on intact cells [30]. The
cflicacy of lectin binding to glycoproteins is in-
fluenced above all by the complexity of carbohy-
drate chains and by the steric accessibility of the
sugars recognized. Therefore this method is also

limited in its use to gain an overview on total
cellular glycoprotein composition.

The metabolic labelling technique allowed each
of the cell lines studied to be distinguished by their
specific gp patterns. For some cell lines it was
shown that these patterns were stable in their
expression under standard culture conditions.
Similar results were found by Koch et al. [31], who
compared gps of human pancreatic carcinoma cells
at several in vitro culture passages. Therefore,
comparison of gp patterns is very useful to monitor
cell lines for chromosomal alterations or, frequent-
ly occurring, cross-contaminations with other cell
lines.

At present we cannot clearly define markers
commonly expressed either by human tumors in
general or by tumors of the same organ. A gp with
similar migration and glycosylation characteristics
as gp 175 described above for bladder carcinomas
was also identified in ChaGo (176 kD), oat-75 (182
kD) and HT-29 cells (182 kD). It may be that these
markers belong to a group of gps which characte-
rize at least some carcinomas. Further investiga-
tions with specific monoclonal antibodies could
clarify this question. For example, a monoclonal
antibody recognizing a 94 kD gp reacted with
melanoma cells and also with carcinoma cell lines
AlAb, HT-29 and T24 [2]. Glycoproteins of this
size were seen in nearly all the carcinoma cells we
investigated.

It is possible that gps clustered at molecular
ranges of 4045 kD, 68-62 kD, 80-82 kD and 90-92
kD represent already functionally defined struc-
tures such as HLA-class I (46 kD) or the transfer-
rin receptor (90 kD). These molecules have been
shown to be expressed in most of the studied cell
lines [32]. A sarcoma cell line, P5A, was clearly
different in its gp patterns from the other tumor
cells. Glycoproteins of 140 and 170 kD described
by Lubitz et al. [33] for a human sarcoma cell line
were also detected by our analysis (140 and 182
kD). These gps may represent markers for sarcoma
cells. The heterogeneity of gp expression, apart
from some prospective markers, in the carcinoma
groups demonstrates how difficult a classification
of tumors may be. The characterization of metabo-
lically labelled gps which can be more specified by
2-D gel electrophoresis in combination with the
application of specific monoclonal antibodics may
help to overcome these difficulties.

REFERENCES
| Dérken B, Schwartz R, Moldenhauer G, Pezzutto A, Himmerling G, Hunstein W.
Monoclonal antibody (HD39) reactive with a human B lymphocyte specific antigen

expressed on late stages of B cell maturation. In: Peeters H, ed. Protides of the Biological
Fluids, XXXIInd Colloguium. Oxford, Pergamon Press, 1985, 867-870.



280

2
3
4

5

16

17
18

19

20

21

22

23

24
25
26
27
28
29

30

R. Schwartz, A. Walk and V. Schirrmacher

Imai K, Wilson BS, Bigotti A, Natali PG, Ferrone S. A 94,000-dalton glycoprotein
expressed by human melanoma and carcinoma cells. JNCI 1982, 68, 761-765.
Gahmberg CG, Andersson LC. Surface glycoproteins of malignant human leukocytes.
Biochim Biophys Acta 1982, 651, 65-83.

Lloyd KD, Travassos LR, Takahashi T, Old L]J. Cell surface glycoproteins of human
tumor cell lines: unusual characteristics of malignant melanoma. JNCI 1979, 63, 623-634.
Marks ME, Danbury BH, Miller CA, Brattain MG. Cell surface proteins and glycoproteins
from biologically different human colon carcinoma cell lines. JNCI 1983, 71, 663-671.
Bergh J, Nilsson K, Cate CC, Pettengill OS, Sorenson GD. Cell surface glycoprotein
patterns of cell lines derived from human small cell carcinoma of the lung. Acta Pathol
Microbiol Immunol Scand Sect A 1983, 91, 9-15.

Rabson AS, Rosen SW, Tashjian AH, Weintraub BD. Production of human chorionic
gonadotropin in vitro by a cell line derived from a carcinoma of the lung. JNCI 1973, 50,
669-674.

Ohara H, Okamoto T. A new in vitro cell line established from a human oat-cell carcinoma
of the lung. Cancer Res 1977, 37, 3088-3095.

Fogh J, Trempe G. New human cell lines. In: Fogh J, ed. Human Tumor Cell in Vitro. New
York, Plenum Press, 1975, 115-159.

Petricciani JC, Wallace RE, McCray DW. A comparison of three in vitro assays for cell
tumorigenicity. Cancer Res 1974, 34, 105-108.

O’Toole C, Price ZN, Ohnuki Y, Unsgaard B. Ultrastructure, karyology and immunology
of a cell line originated from a human transitional-cell carcinoma. Br | Cancer 1978, 38,
64-76.

O’Toole C, Povey S, Hepburn P, Franks LM. Identity of some human bladder cancer cell
lines. Nature 1983, 301, 429-430.

Shimizu K, Goldfarb M, Perucho M, Wigler M. Isolation and preliminary characterization
of the transforming gene of a human neuroblastoma cell line. Proc Natl Acad Sci USA 1983,
80, 383-387.

Kucherlapati RS, Hilwig I, Gropp A, Ruddle FH. Mammalian chromosome identification
in interspecific hybrid cells using “Hoechst 33258”. Humangenetik 1975, 27, 9-14.
Schmidt J, Erfle V. Elimination of mycoplasmas from cell cultures and establishment of
mycoplasma-free cell lines. Exp Cell Res 1984, 152, 565-570.

Van Eijk RVW, Miihlradt PF. Metabolic carbohydrate labelling of glycoproteins from
mitogen-stimulated mouse lymphocytes. Glycoproteins as biochemical markers for lympho-
cyte subpopulations. Eur J Biochem 1979, 101, 185-193.

Laemmli UK. Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 1970, 227, 680-685.

Bonner WM, Latkey RA. A film detection method for tritium labelled proteins and nucleic
acids in polyacrylamide gels. Eur | Biochem 1974, 46, 83-88.

Schwartz R, Schirrmacher V, Miihlradt PF. Glycoconjugates of murine tumor lines with
different metastatic capacities. 1. Differences in fucose utilization and in glycoprotein
patterns. Int | Cancer 1984, 33, 503-509.

Dennis J, Kerbel RS. Characterization of a deficiency in fucose metabolism in lectin-
resistent variants of a murine tumor showing altered tumorigenic and metastatic capacities
in vivo. Cancer Res 1981, 41, 98-104.

Van Eijk RVW, Miihlradt PF. Carbohydrate-labelled glycoproteins as markers of human
lymphocyte subsets stimulated with mitogen and alloantigen. Eur J Biochem 1981, 115,
23-28.

Hynes RO. Cell surface proteins and malignant transformation. Biockim Biophys Acta 1976,
458, 73-107.

Bhavanandan VP, Davidson EA. Cell surface glycoprotein markers for neoplasia. In:
Busch H, Yeoman LC, eds. Methods in Cancer Research. New York, Academic Press, 1982,
Vol. XIX, 53-103.

Van Eijk RVW, Miihlradt PF. Carbohydrate incorporation in plasma membranes of mouse
thymocytes stimulated by concanavalin A. Eur J Biockem 1977, 78, 41-54.

Nicolson GL. Transmembrane control of the receptors on normal and tumor cells. 1.
Cytoplasmic influence over cell surface components. Biochim Biophys Acta 1976, 457, 57--108.
Coffey JW, Miller ON, Sellinger OZ. The metabolism of L-fucose in the rat. J Biol Chem
1964, 239, 4011-4017.

Ishihara H, Massaro DJ, Heath EC. The metabolism of r-fucose. III. The enzymatic
synthesis of a L-fucose I-phosphate. J Biol Chem 1968, 243, 1103—1109.

Steele JG, Rowlatt C, Sandall JK, Franks LM. Identification of exposed surface glycopro-
teins of four human bladder carcinoma cell lines. Biochim Biophys Acta 1983, 732, 219-228.
Lotan R, Nicolson GL. Purification of cell membrane glycoproteins by lectin affinity
chromatography. Biochim Biophys Acta 1979, 559, 329-376.

Altevogt P, Fogel M, Cheingsong-Popov R, Dennis J, Robinson P, Schirrmacher V.
Different patterns of lectin binding and cell surface sialylation detected on related high and
low metastatic tumor lines. Cancer Res 1983, 43, 5138-5144.



Glycoprotein Maps of Human Tumors 281

31 Koch G, Smith M]J, Grant AG, Hermon-Taylor J. Stability of the glycoproteins from a
primary human pancreatic carcinoma during cell culture and in vivo passage in nude mice.
Br J Cancer 1983, 47, 537-539.

32 Schwartz R, Momburg F, Moldenhauer G, Dérken B, Schirrmacher V. Induction of HLA
class II antigen expression on human carcinoma cell lines by IFN-gamma. Int J Cancer
1985, 35, 245-250.

33 Lubitz W, Grofova M, Ponten J, Popovic M. Surface glycoproteins of human sarcoma- and
fibroblastic cells. Nesplasma 1980, 27, 633-639.



