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Abstract—T he composition of plasma membrane proteins of related low and high
metastatic tumor cells were compared in order to elucidate possible genetic changes
which may occur during progression of tumor cells towards metastatic capacity.
For this purpose a procedure was worked out which allows the purification of
mouse plasma membrane (PM) proteins from biosynthetically labeled cells. PM
isolated from the two related T lymphoma lines Eb and ESb, which differ greatly in
metastatic capacity, as well as from Con A-activated T cell blasts displayed similar
degrees of purification as shown by marker enzyme analysis. W hen [3S)-methionine-
labeled proteins of such PM preparations from cloned Eb and ESb cells were
compared by 2-D gel electrophoresis it was found that maps of the highly metastatic
variant ESb cells permitted detection of about 50 new protein spots which were not
found on the 2-D gel maps of the parental Eb cells. Approximately 80% of these new
spots were also found on maps derived from syngeneic splenic Con A blasts. This
observation indicated that most of the newly expressed membrane proteins of ESh
cells were possible differentiation or cell activation-related and not tumor cell-

specific.

INTRODUCTION

TUMOR progression is considered to be the result
of random generation of tumor cell variants
within a growing tumor and the exertion of
selective pressure from the host [1]. Progression
towards metastatic capacity may proceed stepwise
but the details of this process are far from being
understood. Metastatic tumor cell variants have
been shown to differ from non-metastatic
parental tumor cells in antigenic and functional
properties [2,3]. An important issue of tumor
variant generation is the distinction between
phenotypic and genotypic variants. While the
former can arise as a result of epigenetic changes
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the latter
expression.

We have studied cell surface changes associated
with tumor progression in a model system which
consists of a chemically induced murine T cell
lymphoma with two distinct sublines [4]. One,
Eb, 1s the parental line and has low metastatic
capacity (after s.c. transplantation); the other,
ESb, is a spontaneous variant thereof with high
metastatic capacity. In previous studies we have
shown that Eb and ESb tumor cells differ in the
expression of Lyt differentiation antigens [5], Fc
receptors and specific tumor-associated trans-
plantation antigens (TATAs) [6]. The change
from low to high malignancy in the Eb/ESbh
system involved loss of some surface markers and
gain of others [4]. The analysis of glycoproteins
and glycolipids [5, 7] and lectin-binding studies
[8] also revealed differences in the composition of
glycoconjugates between the different cell types.

In this report we present biochemical evidence
that ESb cells differ from Eb cells not only in some
serological markers and glycosylation but also in
the protein composition of the plasma membrane.
Plasma membranes of metabolically labeled

must involve changes in gene
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cloned tumor cell lines were purified and analyzed
by 2-D gel electrophoresis. The study also
involves a comparison of plasma membrane
proteins from the two T lymphoma sublines with
those of normal T lymphocytes activated by Con
A.

MATERIALS AND METHODS

Cells

Eb is the Heidelberg subline of the methyl-
cholanthrene-induced T cell lymphoma L5178Y
of DBA/2 mice and ESb is a spontaneous high
metastatic variant thereof. The etiology of the
tumor lines and their functional and cell surface
characteristics have been described in detail
elsewhere [4].

The cells were maintained in tissue culture
medium RPMI 1640 supplemented with
penicillin (100 U/ml), streptomycin (100 ug/ml),
glutamine (5mM), HEPES (50 mM), 2-
mercaptoethanol (5 X 10° M) and 5 or 10% fetal
calf serum.

Twice cloned lines of Eb (clone 84.2 = No. 736)
and ESb{(clone 18.1 = No. 721} were established by
limiting dilution [4]. Con A blasts from DBA/2
were prepared by activating splenic lymphocytes
with concanavalin A (5 ug/ml) at2-5 X 10%/ml] for
3 days. Blasts were separated by Ficoll-Hypaque
centrifugation. Recovered cells stained to more
than 85% positive with monoclonal anti-Thy 1.2
antibodies as assessed by indirect immune
fluorescence and cytofluorographic analysis.

Labeling with [**S]-methionine

Tumor cells or Con A blasts (100 X 10°) were
biosynthetically labeled with [**S]-methionine
([>*S]-Met, SJ204, sp. act. 1070 Ci/mmol Amer-
sham Buchler, Braunschweig, F.R.G.). For
labeling, cells were washed twice with D-PBS and
once with RPMI 1640 without methionine
supplemented with 2% dialyzed FCS (Met
labeling medium). Cells were kept in labeling
medium for 1 hr, then spun and resuspended in
10 m1 fresh labeling medium in the presence of
0.5 mCi [**S]-methionine. Labeling was done
overnight. Next morning the cells were washed
three times in prewarmed H-BSS and subjected to
glycerol lysis as described by Jett et al. [9].

Isolation of plasma membranes

Briefly, cells were suspended in 1 ml warm H-
BSS and 0.5 ml of 90% (w/v) glycerol in H-BSS
was added to vyield a final concentration of 30%
glycerol. After 10 min at 87°C the cells were
pelleted and put on ice. Ten milliters of ice-cold
10 mM Tris-HCI buffer, pH 7.4, supplemented
with 1 mM MgCl, and 1 mM phenylmethyl-
sulfonylfluoride (PMSF) (Cell lysis bulffer), was

added under vigorous vortexing. Disrupted cells
were left on ice for 10 min and then pottered with
10 strokes in a Potter glass homogenizer (Braun,
Melsungen). The homogenate was spun for
10 min at 800 g to remove nuclei and intact cells.
The supernate was transferred to centrifuge
tubes (Beckman, No. 331374), underlayed with
3 ml of 42% sucrose solution made up in cell lysis
buffer (rn = 1.3950) and spun in a Beckman Spinco
L265B centrifuge at 95,000 g using an SW 40 TI
rotor. Material floating on top of the 42% sucrose
cushion was collected (2 ml) and 4 ml of 38%
sucrose solution in cell lysis buffer (n =1.3850)
were added. The density was readjusted with 80%
sucrose to 7 = 1.3850 and the mixture transferred
into fresh centrifuge tubes (Beckman No. 331374).
Five milliliters of 42% sucrose solution were
carefully underlayed to the 38% layer and the
tubes were filled by overlayering with 15% sucrose
solution (n =1.3520). The stepwise gradient was
spun at 205,000 g for 16 hr at 4°C and then
harvested from the bottom using a 0.8 X 120-mm
needle and a peristaltic pump. Fractions of 0.4 ml
were collected and the gradient was assayed for
sucrose density. The 38%/15% interphase
fractions containing PM were pooled and diluted
with lysis buffer. PM (500 ug) derived from
human PHA blasts were added as cold carriers
(only when radiolabeled PM were used) and the
mixture was pelleted at 95,000 g for 1 hr. Pelleted
PM were stored at - 70°C for further analysis.

Protein and enzymatic assays

For protein determination the Coomassie blue
method of Bradford [10] was used. Enzyme assays
were carried out according to standard procedures.
5'Nucleotidase (E.C. 8.1.3.5) served as marker for
PM and was determined according to the protocol
of Weaver and Boyle [11]. Glucose-6-phosphatase
(E.C. 3.1.3.9) (for ER) was carried out as outlined
by Swanson [12]. Inorganic phosphatase was
determined according to Anner and Moosmeyer
[13]. The assay for B-N-acetylglucosaminidase
(E.C. 3.2.1.30) (lysosomal marker) was done as
described by Kornfeld and Siemers [14] using p-
nitrophenylglucosaminide as substrate. Succinate
dehydrogenase (E.C. 1.3.99.1) was used as marker
for mitochondria. The assay of Earl and Korner
[15] was used as modified by Weaver and Boyle
[11]. For the assay routinely 70 ul of each fraction
were used.

2-D gel electrophoresis

[¥3§]-Methionine-labeled PM were extracted for
30 min with O’Farrell lysis buffer [16] containing
9.5M urea, 2% ampholines (pH 3-5, 0.8%; pH
5-7, 0.8%; pH 2-11, 0.4%; Serva, Heidelberg,
F.R.G.), 5% 2-mercaptoethanol and 2% NP40.
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Insolubie material was pelleted by spinning for
15 min in a table-top centrifuge (Eppendorf,
Hamburg) at 10,000 g. Equal amounts of TCA-
precipitable counts were applied to 130 X 3 mm
IEF gels. After focusing gels were extruded from
the glass tubes and equilibrated in 10 ml of
O’Farrell’s equilibration buffer for 2hr and
applied to 7.5-15% polyacrylamide gradient siab
gels using Laemmli’s buffer system [17]. Gels
were run at 20 mA constant current; thereafter
they were fixed and processed for fluorography as
previously described [5].

RESULTS

Purification of metabolically labeled plasma
membranes

In order to analyze plasma membrane proteins
from biosynthetically labeled cells a protocol was
required that allows the use of minimal cell
numbers and a stringent PM purification
procedure. To this end a PM purification
protocol was established using initially unlabeled
cells. The procedure is based on the stepwise
sucrose gradient method of Jett et al. [9] originally
developed for the isolation of PM from the human
Burkitt lymphoma line Raji with some modifica-
tions most suitable for our purposes. Modifications
had to be employed in order to adjust to the

A
Sucrose
_units 42:;' 38% ‘ 15%
mg Prot.

f\

\

specific Activity

=)

j
Y p/ A

10 20 30

FRACTION

——0a 5-N

of8'-N

01 0\/ C \(_,___——AGI«:-G

differences in PM densities between human and
mouse cells as well as to the much lower cell
numbers to be used. PM were isolated as described
in detail in Materials and Methods. The final
centrifugation step consisted of a stepwise sucrose
gradient consisting of three layers (42%./38%,/15%)
of sucrose and the crude PM sample was
introduced into the middle layer. After centrifuga-
tion the gradient fractions were tested for marker
enzyme activity. Figure 1A shows that 5’-
nucleotidase activity was highest at the boundary
between the 38 and 15% sucrose layers. This
activity peak, representing floated PM, also
displayed trace amounts of glucose-6-phosphate
activity (ER) while other enzyme activities were
not detectable. Figure 1B shows the radioactivity
profile obtained when PM derived from [**S]-
methionine-labeled cells were separated under
identical conditions. One of the three radio-
activity peaks showed an overlap with the 5'-
nucleotidase activity and thus represented plasma
membrane proteins. The radioactive fractions of
this peak were pooled, diluted in lysis buffer and
pelleted in the presence of cold carrier PM by
high-speed centrifugation. This material was
used for further studies by 2-D gel electrophoresis.
This purification procedure resulted in a 37-fold
enrichment of PM over total cell homogenate as
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Fig. 1. Elution profiles of a stepwise sucrose gradient for the isolation of PM. Crude PM obtained after an
initial centrifugation on a 42% sucrose cushion were introduced into the middle layer of a 42%/38%/15%
stepwise sucrose gradient and spun again at 205,000 g for 16 hr. T he gradient was harvested from the bottom and
0.4-ml fractions were collected. (A) Specific activities of marker enzymes recovered from a typical gradient: 5’N:
5-nucleotidase; Glc-6: glucose-6-phosphatase; B-N: B-N-acetylglucosaminidase; succinate dehydrogenase: not
detectable. (B) Elution profile of [*’S)}-methionine-labeled material. Five microliters of each fraction were
counted. Data shown were derived from crude PM of ESb cells. Similar results were obtained with Eb cells and
Con A-activated T lymphoblasts. Indicated fractions were pooled and pelleted in the presence of carrier PM by
high-speed centrifugation.



1158 P. Altevogt and V. Schirrmacher

revealed by marker enzyme analysis (5'-
nucleotidase, 37.4-fold; glucose-6-phosphatase,
1.3-fold; B-N-acetylglucosaminidase, 0.2-fold;
succinate  dehydrogenase, 0.02-fold). The
purification method was found to be applicable
for both types of tumor cells (Eband ESb) and also
for T lymphoblasts obtained from splenic
lymphocytes by Con A activation. All three cell
types yielded similar highly purified PM fractions
for unlabeled cells. Since in our experiments only
five times more cold cells were used than labeled
cells the same purification factor can be assumed
for biosynthetically labeled cells.

2-D gel electrophoretic comparison of membrane
proteins of cloned Eb and ESb tumor cells and of
normal Con A-activated T lymphoblasts

Labeled PM were purified as described above
and extracted with O’Farrell’s lysis buffer for 2-D
gel analysis. The 2-D gels are shown in
Fig. 2(A-C). A schematic drawing of the spots
observed using films of two different exposure
times 1s given in Fig. 2(D-F). The following
observations were made:

Quantitative comparison. The 2-D gel patterns
from Eb cells (Fig. 2B,E) revealed 169 spots; those
from ESb cells (Fig. 2A,D) 203 spots; and those
from Con A T lymphoblasts (Fig. 2C,F) 248 spots.
Due to the IEF conditions used, this analysis did
not include the very basic proteins which
remained at the top of the IEF gel and thus
underestimates the total number of membrane
proteins. There was also a striking difference in
the quantitative expression of particular spots.
For example, Eb cells possessed a prominently
labeled cluster of spots in the mol. wt range
44-70 kd, which constitutes a major proportion of
the labeled material of Eb cells. Some spots of this
cluster were also visible in the ESb material but to
a much lesser extent [note as reference the actin
spots (arrows), which were labeled to a similar
degree 1in all three cell types].

Qualitative comparison between Eb and ESb
membrane proteins. Of the 169 spots on the gel
patterns of Eb type cells, 60% were also detected
on the gels from ESb cells. There were some
protein spots apparently unique to Eb type cells
which were not detectable on ESb cells even when
the films were overexposed (see, for instance, spots
8-12, Fig. 2E). Similarly, new spots were detected
on ESb maps which were not at all detectable on
Eb 2-D gel maps (see, for instance, the spots 1-7,
Fig.2D). Altogether, the ESb spot pattern
contained approximately 50 additional spots
compared with that of Eb cells.

Comparison with normal T lymphoblasts. A
careful comparison of the maps from the tumor
cells with the map of membrane proteins from

normal splenic T lymphoblasts revealed that
about 41 (82%) of the 50 new spots from the ESb
type cells were also detected on normal T cells. For
example, the ESb-derived protein spots 1-3 and
5-7 were found on the Con A blasts while the Eb-
derived spots 8-12 were undetectable. Thus many
of the new plasma membrane proteins expressed
by the high metastatic variant seem to represent
differentiation- or activation-related proteins of
normal cells rather than being tumor cell specific.

DISCUSSION

The introduction of 2-D gel electrophoresis
techniques has made 1t possible to analyze
complex protein mixtures. The technique has
been successfully applied to cell surface
glycoproteins of mammalian cells [18-22]. In
order to analyze mechanisms of tumor progression
towards metastatic capacity we have used the 2-D
gel method to study proteins on the cell surface of
slightly vs highly metastatic cells and have
compared them to those derived from correspond-
ing normal cells. Since we decided to use
biosynthetic labeling instead of external labeling
procedures it was at first necessary to design an
isolation procedure for plasma membranes
suitable for our purposes. With the modified
procedure described here, PM proteins of high
purity can be obtained from relatively small
amounts (100 X 10° of biosynthetically labeled
cells suitable for analysis by 2-D gel electro-
phoresis. In spite of the high purity of the plasma
membranes obtained (37-fold enrichment), we are
not suggesting that there were absolutely no
contaminating proteins present in the prepara-
tions. The marker enzyme analysis revealed the
presence of ER-derived proteins so that it cannot
be ruled out that perhaps some of the 2-D gel spots
could be due to this contamination. Cell surface
properties of L5178 lymphoma cells have been
studied previously and found to change as a
function of position in the growth curve and cell
cycle [23, 24]. It seems unlikely, however, that the
differences observed in this study between Eb and
ESb membrane proteins are due to differences in
cell growth or cell cycle because both cell lines
showed similar growth characteristics in tissue
culture [25].

The basic observation described in this report is
that the transition from the low metastatic Eb
tumor line to its highly metastasizing ESb variant
is accompanied by a profound change in total
membrane composition. Gain and loss of
particular membrane proteins during this transi-
tion could be caused by true genetic changes. Such
genetic changes were indeed found when the
chromosomes of Eb and ESb cells were compared
by the G-banding technique [26]. These studies
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Fig. 2. 2-D gelelectrophoretic separation of purified PM derived from [**S]-methionine-labeled cells. (4) ESb

clone 18.1; (B) Eb clone 34.2; (C) DBA/2 Con A T blasts. PM were treated with O’Farrell’s lysis buffer and the

extracts (600,000 counts/min TCA-precipitable counts) separated by IEF (1-D ampholines: 0.4%, pH 2-11;

0.8%, pH 3-5; 0.8%, pH 5-7). IEF gels were applied to slab gels for SDS-PAGE (2-D 7.5-15% linear gradient

gels). Gels were exposed to preflashed Kodak X Omat films for 1 month. D-F represent schematic drawings of
gels A-C.
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first of all revealed three common chromosome
markers in Eb and ESb cells, thus confirming
their common origin and genetic relationship. In
addition, a karyotypic progression from Eb
towards ESb type cells was observed which
involved an increasing number of numerical and
structural chromosomal aberrations. It is possible
that such chromosomal changes facilitate the
generation of cellular variants and tumor
heterogeneity. In vivo tumor growth and
metastasis might select from such variants only
those which have the proper malignant pheno-
type.

This idea of apparent random tumor variant
generation and host selection may be quite
attractive but it does not seem sufficient to explain
all observed phenomena. The main obstacle is the
reproducibility of the transition of Eb type cells to
the ESb phenotype [27, 28]. A similar observation
was made by Vaage [29], who found in repeated
serial transplantation experiments that individual
C3H mammary tumors undergo ‘progression’ in
a highly reproducible way so that certain
characteristics appeared in the same generations

changes are not associated with chromosomal
aberrations. It remains to be elucidated to what
extent the changes in membrane protein composi-
tion between Eb and ESb cells are tumor specific
(possibly due to particular caryotypic changes) or
differentiation related. The latter process could
possibly account for the similarities observed
between newly observed 2-D gel spots of ESb-type
cells and spots of activated normal peripheral T
cells. The 80% similarity found could even be an
underestimate because not all differentiation-
related membrane proteins of T cells may be
expressed on Con A lymphoblasts.

We would like to propose that the differences in
the composition of total membrane proteins
observed between Eb and ESb cells represent
changes in the gene activation state between the
two cell types. The formation of the metastatic
variant seems to be accompanied with the
acquisition of new cell surface determinants. The
activation of silent genetic information in the
metastatic variant might also explain the gain of
certain functional activities such as invasive
capacity and expression of new degradative

as if on schedule.

It is possible that the Eb to ESb transition has
similarities with processes in normal cells leading
to changes in the state of differentiation and/or
activation (for a more detailed discussion of this
point see ref. [30]), although in normal cells such

enzymes [31].
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