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Progression to malignancy of transformed cells involves
complex genetic alterations and aberrant gene expression
patterns. While aberrant gene expression is often caused by
alterations in individual genes, the contribution of the tu-
moral environment to the triggering of this gene expression
is less well established. The stable but heterogeneous expres-
sion in cultured EL4/13 cells of a novel tumor-associated
antigen, designated as HTgp-175, was chosen for the investi-
gation of gene expression during tumor formation. Homoge-
neously HTgp-175-negative EL4/13 cells, isolated by cell
sorting or obtained by subcloning, acquired HTgp-175 expres-
sion as a result of tumor formation. The tumorigenicity of
HTgp-175-negative vs. HTgp-175-positive EL4 variants was
identical, indicating that induction but not selection ac-
counted for the phenotypic switch from HTgp-175-negative
to HTgp-175-positive. Although mutagenesis experiments
showed that the protein was not essential for tumor establish-
ment, tumor-derived cells showed increased malignancy,
linking HTgp-175 expression with genetic changes accompa-
nying tumor progression. This novel gene expression was not
an isolated event, since it was accompanied by ectopic
expression of the large chondroitin sulfate proteoglycan
PG-M and of normal differentiation antigens. We conclude
that signals derived from the tumoral microenvironment
contribute significantly to the aberrant gene expression
pattern of malignant cells, apparently by fortuitous activation
of differentiation processes and cause expression of novel
differentiation antigens as well as of inappropriate tumor-
associated and ectopic antigens. Int. J. Cancer 78:503–510,
1998.
r 1998 Wiley-Liss, Inc.

Cancer cells typically feature uncontrolled cell division resulting
from mutations in genes that control mitosis, programmed cell
death and cell-cell interactions. It is generally accepted that this
(cancer) phenotype is acquired gradually, an initial mutation
producing a population of precancerous cells. In these cells, the
stepwise accumulation of (new) somatic mutations activating
cellular proto-oncogenes, such as c-sis, c-erbA and c-myc, or
inactivating suppressor genes, such asp53 and RB1, leads to
aberrant gene expression and deterioration of intrinsic control
mechanisms in growth, differentiation and apoptosis; these pro-
cesses are observed in cancer cells and cause their transition to
aggressive tumor growth. This complex series of events is referred
to as tumor progression. Most somatic mutations found during
tumor progression are not indiscriminate. This apparently non-
random behavior may reflect the fact that many genetic changes are
a disadvantage to the cells and only the relatively few changes that
are neutral or that favor the malignant phenotype are retained or
selected, respectively. However, increased or decreased gene
expression without abnormalities in the encoding DNA may also
contribute to tumor progression (Sager, 1997). Analysis of genes
expressed differently in tumor cells compared with their normal
counterparts revealed more than 500 different transcripts, thus
illustrating the extent of the quantitative genetic changes that
underlie cancer phenotypes (Zhanget al.,1997). Highly malignant

cells may have accumulated relatively few mutated genes but still
exhibit changes in expression levels of many genes. These genes
encode appropriate but also inappropriate tissue-specific antigens
and differentiation antigens, antigens normally expressed during
embryogenesis, stress-inducible proteins, as well as macromol-
ecules necessary for DNA synthesis, mitosis and cellular structures.
Some of these gene products promote tumorigenesis, although they
are insufficient to transform a cell. Examples of such progression-
enhancing factors are FcgRII-B1 (Zusman et al., 1996), the
oncofetal carcinoembryonic antigen (Eidelmanet al., 1993), cer-
tain splice variants of CD44 (Herrlichet al.,1993) and angiogenic
factors such as vascular endothelial growth factor (Martiny-Baron
and Marme´, 1995). However, the vast majority of genes that
become differentially expressed have no known function in tumor
progression; most likely their increased expression is a result rather
than a cause of neoplastic transformation.

The mechanisms causing overall differential gene expression
during tumor progression have been studied extensively. Presum-
ably, divergent gene expression arises sequentially, driven by
random mutations that directly modulate the expression of the
compromised gene. The aberrant expression, whether beneficial or
neutral to the cell, will be preserved and will add a new member to
the existing set of divergently expressed genes. In addition to this
stepwise mechanism, certain positively or negatively acting cancer
genes, such asjun, fos, mycandp53,which all encode transcription
factors, have been linked to the abnormal expression of whole sets
of cellular genes. This simultaneous effect on multiple downstream
genes may direct the cell toward a differentiation pathway that is
not consonant with the developmental program of the genome. The
stepwise accumulation of somatic mutations in individual genes,
combined with the downstream activation or inactivation of sets of
genes by oncogenes or tumor suppressor genes, appears to account
for a major fraction of the differentially expressed genes in tumor
cells. Yet the implementation of alterations in these nuclear-acting
cancer genes requires translocation of the transcription factor to the
nucleus. This translocation may occur in an uncontrolled way or
constitutively, due,e.g., to gene translocation (Mitani, 1996), or
signaling from growth factor receptors (Perkinset al.,1990) and/or
cell adhesion molecules (Behrenset al.,1996). Hence, progression-
associated changes in gene expression may also be regulated by
normal environmental signals and, exceptionally, may even be
reversible.
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In this context, we analyzed the differential expression of a set of
surface markers on murine T-lymphoma cells, grown both as solid
tumors and in tissue culture. The markers analyzed represent
normal T-cell differentiation antigens as well as ectopically ex-
pressed tumor markers that are not essential for tumor growth. Our
results indicate that normal physiological signals from the host
contribute to the expression of inappropriate genes by activation of
a distorted program of differentiation.

MATERIAL AND METHODS

Animals

Female C57BL/6 (H-2b) mice were purchased from the Broek-
man Institute (Someren, The Netherlands). All mice were 9–14
weeks old at the time of the experiments. Female Lewis albino rats
(Iffa-Credo, Saint-Germain-sur-l’Arbresle, France) were used for
immunization.

Cell lines
All cell lines were cryopreserved in aliquots and were routinely

propagatedin vitro for periods of up to 2 months. Cultures of
B16BL6 (Hart and Fidler, 1980), PG19, P815, EL4/13 (Grootenet
al., 1987) and EL4/13 subclones, Mf4/4 (Desmedtet al., 1998),
L929, WEHI 164 and LLC were grown in RPMI 1640 medium
(Life Technologies, Paisley, UK), supplemented with 10% fetal
bovine serum (FBS), L-glutamine (2 mM), penicillin (100 U/ml),
streptomycin (100 µg/ml), sodium pyruvate (1 mM) (Life Technolo-
gies) and 2-ME (53 1025 M; BDH, Poole, UK). EL4/13 subclones
were isolated by limiting dilution from cells that had been cultured
for approximately 4 months.

Normal cell populations
The influenza hemagglutinin (HA)-specific and H-2b-restricted

CD41 T-cell clone T-HA was isolated in our laboratory from lymph
nodes of HA-immunized C57BL/6 mice; cells were long-term-
maintainedin vitro by biweekly restimulation (Desmedtet al.,
1998). Lymphocytes isolated from the thymus and spleen were
prepared according to standard procedures. For the isolation of
macrophages, mice received a single (i.p.) injection of 1 ml 3%
Brewer thioglycollate (Difco, Detroit, MI); peritoneal exudate cells
were collected from the peritoneal cavity after 5–7 days. Where
indicated, splenocytes were activatedin vitro by the T-cell mitogen
concanavalin A (5 µg/ml) or lipopolysaccharide (2 µg/ml).

Generation of monoclonal antibody (MAb) IIB1
MAbs were generated by immunizing 2-month-old Lewis albino

rats in the footpad with crude murine EL4/13 cell membranes
(1 mg protein/ml) emulsified in Titer Max (Sigma, St. Louis, MO).
After 5 months, 2 repeated injections were given at intervals of
2 months; then, 14 days after the last immunization, the rats were
boosted intramuscularly (i.m.) with crude EL4/13 cell membranes;
4 days later, the spleen cells were fused with Sp2/0. The fusion
hybrids were selected in HAT medium (Life Technologies).
Supernatants were screened for their specific reactivity with
EL4/13 lymphoma cells but not with normal splenocytes or
T lymphocytes. Hybridoma IIB1 was selected, subcloned twice and
further analyzed. IIB1 MAb was purified either from culture
supernatants or from ascites fluid using fast protein liquid chromato-
graphic (FPLC) protein G-Sepharose 4B (Pharmacia Biotech,
Uppsala, Sweden). The eluted fractions were dialyzed against
phosphate-buffered saline (PBS), concentrated to 1 mg/ml and
filter-sterilized. Using a rat MAb ID/SP kit (Zymed, San Francisco,
CA) in a standard enzyme-linked immunosorbent assay (ELISA)
procedure, IIB1 was characterized as an IgG2b antibody.

Indirect immunofluorescence
The phenotype of the cell clones was determined by indirect

immunofluorescence on live cells using a set of MAbs. Primary
antibodies were anti-Thy1, anti-CD3, anti-CD4, anti-CD5, fluores-
cein isothiocyanate (FITC)-conjugated anti-CD8, CD32 (anti-
FcgRII) (Pharmingen, San Diego, CA), anti-MTH (a gift from Dr.

P. De Baetselier), anti-chondroitin sulfate clone CS-56 (Sigma-
Aldrich, Irvine, UK) and MAb IIB1. FITC-conjugated goat anti-rat
IgG (Life Technologies) was used as a secondary antibody, except
for detection of anti-CD5 and CS-56 where FITC-conjugated goat
anti-mouse Ig (Life Technologies) was used. Staining was done at
4°C in PBS, supplemented with 1% bovine serum albumin (BSA)
and 0.02% NaN3 according to routine procedures. For negative
controls, the same procedures were followed, but without applying
the primary antibody. Fluorescence analysis was performed using
an EPICS 753 flow cytometer (Coulter, Luton, UK).

Cell sorting
EL4/13 cells with a viability of.95% were stained at 4°C under

sterile conditions with IIB1 MAb and FITC-conjugated goat
anti-rat IgG. They were sorted by means of an EPICS 753 flow
cytometer at 4°C under sterile conditions in a population enriched
for IIB1-binding cells (97%) and negative cells (95%). The cells
obtained were cultured in standard medium; after 5 days they were
assessed for expression of hematopoietic tumor glycoprotein 175
(HTgp-175) by flow fluorometry and inoculated into C57BL/6
mice.

Mutagenesis
Cells were plated at approximately 53 105 cells/ml in 30 ml

cultures; 16 hr later fresh medium containing 0.1 µg/ml of ICR
191/ml (Polysciences, Warrington, PA) was added for 2 hr at 37°C.
The cells were washed twice with serum-free medium and cultured
in standard medium for 1 week. Cells negative for IIB1 binding
were separated by cell sorting. Ten days later, the entire procedure
was repeated and the sorted cells were subcloned by limiting-
dilution cloning and assessed for binding of IIB1 by flow fluorom-
etry.

Tumorigenicity
Cells were harvested from the cultures and washed thoroughly

with cold PBS; 105 cells in a volume of 0.2 ml PBS were injected
subcutaneously (s.c.) in 6-week-old syngeneic C57BL/6 mice. The
time of appearance of progressing tumors was recorded by
palpation. Further tumor development was assessed by frequent
measurement of the tumor size with a Vernier caliper. No spontane-
ous tumor regressions were observed. Unless otherwise mentioned,
the animals were killed and the primary tumor was removed under
sterile conditions on day 15. The statistical significance of differ-
ences in tumor size between different groups was calculated
according to the Student’st-test. Single-cell suspensions in PBS
were obtained by squeezing necrosis-free tumor pieces with
tweezers. Debris and cell clumps were removed by 1g sedimenta-
tion for 5 min at 4°C. The isolated suspension of tumor-derived
cells was directly phenotyped by immunofluorescence. Cells were
subcloned by limiting-dilution cloning and/or frozen in liquid
nitrogen for RNA preparation.

Evaluation of malignancy
Cell lines were established from s.c. tumors by explanting small

tumor fragments with 3 ml culture medium to 6-well dishes. When
cultures were almost confluent, they were transferred to 1003 20
mm tissue culture dishes containing 15 ml of culture medium. For
evaluation of the spontaneous metastatic potential, groups of 3
female C57BL/6 were injected s.c. in the right flank with 106 cells.
The experimental metastatic potential was assessed by injecting
106 cells into the tail vein of groups of 3 female C57BL/6 mice.
Animals were killed when moribund and examined for the
presence of metastases in various organs.

Exoglycosidase and protease digestion
Tumor cells cultured as described were washed 3 times in cold

PBS and incubated for 2 hr at 37°C, either with neuraminidase
(Boehringer, Mannheim, Germany) at 0.2 U/ml in equal volumes of
PBS and 0.1 mM acetate buffer (pH 5.0), or with 0.5 U/ml
b-galactosidase (Sigma) in PBS, or with 20 mg/ml of porcine
pancreatic trypsin (Sigma) in PBS. Control cells were treated
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similarly, except for the addition of enzymes. The cells were
washed twice with cold PBS, supplemented with 1% BSA and
0.02% NaN3 and further stained for immunofluorescence analysis.

Preparation of membranes
Cells (1010) were harvested by low-speed centrifugation (15 min,

500g) and washed 3 times with PBS. They were resuspended in 20
ml cold buffer A (50 mM Tris-HCl, pH 8.0, 1 mM EDTA, 1 mM
DTT, 10 mM Pefabloc; Pentapharm, Basel, Switzerland) and 10
µg/ml leupeptin (Boehringer), incubated for 10 min at 4°C and
disrupted using a Dounce homogenizer. The homogenate was
combined with 20 ml cold buffer B (50 mM Tris-HCl, pH 8.0, 0.5
M sucrose, 100 mM KCl, 10 mM MgCl2, 2 mM CaCl2, 1 mM
EDTA, 1 mM DTT, 10 mM Pefabloc and 10 µg/ml leupeptin) and
then centrifuged at 2,060g for 15 min at 4°C. The resulting pellet
(nuclei, cell debris and whole cells) was resuspended in 10 ml cold
buffer A and again lysed using a Dounce homogenizer and
centrifuged at 2,060g for 15 min at 4°C. The supernatants of the 2
low-speed spins were combined and centrifuged for 90 min at
100,000g in an SW28 rotor (Beckman, Fullerton, CA) to pellet the
crude membranes. The resulting high-speed pellet was finally
resuspended in cold buffer C (10 mM Tris-HCl, pH 8.0, 150 mM
NaCl, 1 mM EDTA, 1 mM DTT, 10% glycerol and 10 mM
Pefabloc) and stored in aliquots at270°C. The membrane protein
was determined according to Bradford.

Immunoprecipitation and Western blotting
Solubilization of the membranes was carried out at a protein

concentration of 6 mg/ml in a buffer containing 0.5% NP-40, 0.5%
deoxycholate, 10 mM EDTA, 10 mM Pefabloc, 1 mM iodoacet-
amide, 10 µg/ml leupeptin, 10% glycerol and 2 mg/ml DNAse I
(Boehringer) in PBS. The mixture was incubated for 1 hr at 4°C
and cleared of insoluble material by centrifugation at 20,000g for
30 min. The supernatant was collected and rotated for 16 hr at 4°C
with Sepharose 4B beads (10 µl/ml of a 50% solution) and MAb
IIB1 at a concentration of 4.0 µg/ml. As a control, rat IgG2b
(Serotec, Oxford, UK) was used. The samples were cleared of
Sepharose 4B beads by centrifugation at 200g for 7 min. Subse-
quently, goat anti-rat IgG (5 µg/ml lysate; Harlan Sera-Lab,
Crawley Down, UK), preincubated overnight with protein
G-Sepharose 4B (15 µl/5 µg anti-rat antibody; Pharmacia Biotech),
and sodium dodecyl sulfate (SDS) to a final concentration of 0.1%
were added. These samples were rotated at 4°C for 2–4 hr. The
resulting immunoprecipitates were centrifuged at 450g for 7 min to
form pellets and were washed 3 times with a solution containing
PBS, 0.5% Triton X-100 and 0.1% SDS under the same centrifuga-
tion conditions. The immunoprecipitates were eluted from the
Sepharose beads by addition of a SDS dilution buffer (125 mM
Tris-HCl, pH 8.0, 2% SDS, 10% sucrose, 40 mM DTT and 0.02%
bromophenol blue) and boiled for 3 min. Samples were subjected
to electrophoresis on 6% SDS-polyacrylamide gels (ICN, Costa
Mesa, CA) and transferred onto a nylon membrane (Millipore,
Bedford, MA) at 30 V overnight in a transfer buffer containing 50
mM Tris and 50 mM borate. The membranes were subsequently
blocked with blocking buffer (50 mM Tris-HCl, pH 8.0, 80 mM
NaCl, 3 mM NaN3, 0.05% Tween-20 and 5% milk) for 4 hr at room
temperature and then incubated for 2 hr with MAb IIB1 or goat
anti-rat IgG at 2 µg/ml in blocking buffer supplemented with 0.2%
BSA (incubation buffer). After one 15 min and two 5 min washes
with incubation buffer, the blots were incubated with sheep anti-rat
Ig/horseradish peroxidase conjugate (1:1,000; Amersham, Ayles-
bury, UK) in incubation buffer for 1 hr. After two 15 min and three
5 min washes in PBS supplemented with 0.05% Tween-20,
enhanced chemiluminescence (ECL; Amersham) was carried out
according to the manufacturer’s instructions.

Northern blotting
Total RNA was extracted using RNAzol B (Cinna/Biotech,

Houston, TX) following the manufacturer’s instructions. From
each RNA sample, 20 µg was denatured by incubation with glyoxal
at 50°C for 60 min and size-fractionated on 1% agarose gel

containing 20 mM sodium phosphate buffer. Equalization of total
RNA was confirmed by ethidium bromide staining of agarose gels.
Gels were submerged in 103 SSC and capillary-transferred to
Hybond N1 membranes (Amersham). Filters were hybridized with
probes according to standard procedures.32P-labeled probes were
prepared using a random-primed DNA labeling kit (Boehringer)
according to the manufacturer’s instructions. PG-M RNA was
detected using a 0.6 kb RsaI PG-M cDNA fragment corresponding
to nucleotides 1240–1827 of exon 15 (EMBL/GenBank Accession
No. D45889; the start site of exon 15 is numbered 1). Hybridization
with the PG-M probe was followed by hybridization with a probe
specific for glyceraldehyde-3-phosphate-dehydrogenase (GAPDH)
to monitor the amount of RNA in each lane. Radioactive bands
were quantified by a PhosphorImager 425 (Molecular Dynamics,
Sunnyvale, CA).

Reverse transcriptase-polymerase chain reaction (RT-PCR)
First-strand cDNA synthesis was performed using an oligo-dT

primer (Boehringer). Total RNA (1 µg) was reverse-transcribed in
the presence of RNase block (Stratagene, La Jolla, CA) after
addition of oligo-dT primer and incubation for 30 min at 37°C and
for 30 min at 42°C with superscript II RT (Life Technologies). The
primers used for PCR amplification were 58-CGCGGAGCCCT-
TTCTCACAGC-38 and 58-CACGGACACTCGCCCCTTGTA-38
(PG-M), as well as 58-TGGAATCCTGTGGCATCCATGAAAC-38
and 58-TAAAACGCAGCTCAGTAACAGTCCG-38 (b-actin). The
PCR mixture contained 1.5 mM MgCl2, 0.4 mM dNTP, 200 nM
primers and 0.5 U of Goldstar Taq polymerase (Eurogentec,
Seraing, Belgium). Samples were amplified during 30 cycles (45
sec denaturation at 94°C, 45 sec annealing at 60°C and 45 sec
extension at 72°C) in a Peltier thermal cycler 200 (MJ Research,
Watertown, MA). PCR products were analyzed on 2% agarose gel
and visualized by ethidium bromide staining.

RESULTS

EL4/13 lymphoma cells express HTgp-175 after
tumor progression

EL4 is a cell line that has been established in tissue culture from
a chemically induced lymphoma isolated from a C57BL/6N mouse
strain. Subclones isolated by us from parental EL4 cells differed in
tumorigenicity and immunogenicity (Grootenet al.,1987), indicat-
ing that the EL4 cell population was somewhat heterogeneous. A
subclone EL4/13 was selected for the present studies on the basis of
its representativeness of the majority of isolated subclones with
regard to retention of its tumorigenic capacity and minimal
immunogenicity. Immunization of rats with membrane fractions
prepared from cultured EL4/13 cells resulted in the isolation of
MAb IIB1. The latter recognized a membrane structure present on
EL4 and EL/13 cells but not on freshly isolated thymocytes, naive
splenocytes, lipopolysaccharide- or concanavalin A-activated sple-
nocytes, clonal interleukin-2-dependent and antigen (HA)-reactive
CD41 T cells (Desmedtet al., 1998) and peritoneal exudate cells
(Table I). Binding was also observed on P815 mastocytoma cells
and Mf4/4; the latter is a clonal population of mature macrophages,
immortalized by retroviral transformation with the v-myconcogene
(Desmedtet al.,1998). Immunofluorescence did not reveal signifi-
cant binding on transformed cells of non-hematopoietic origin,
such as L929 and WEHI 164 fibrosarcoma cells, Lewis lung
carcinoma cells or B16BL6 or PG19 melanoma cells (Table I).
Consequently, expression of the membrane structure recognized by
IIB1 on tumor cells but not on their normal counterparts indicates
that this membrane structure is a tumor-associated antigen (TAA).
The latter is expressed by tumor cells of hematopoietic origin but
apparently not by tumor cells of a different source.

IIB1 MAb binding was abolished by treatment of EL4/13 cells
with a protease (trypsin) or a glycosidase (b-galactosidase),
indicating that the recognized structure is a glycoprotein. Western
blot analysis of immunoprecipitates obtained from solubilized
EL4/13 cell membranes revealed a specific diffuse band of
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approximately 175 kDa (Fig. 1). In some experiments, an addi-
tional band of 90 kDa was observed. However, detection of this 90
kDa molecule varied from batch to batch, suggesting that it
corresponds to a specific degradation product or a processed form
of the 175 kDa protein. Both bands were absent when an irrelevant
MAb of the same isotype (rat IgG2b) was used for immunoprecipi-
tation or for Western blot staining. On these results, TAA was
designated as hematopoietic tumor glycoprotein-175 or HTgp-175.

As shown in Table I and Figure 2, a significant fraction of
EL4/13 cells did not bind the IIB1 MAb, despite the fact that
EL4/13 is a subclone. Remarkably, this subpopulation remained
stable for over 8 weeks ofin vitro culture, varying consistently
between 40 and 50%. This stable ratio suggests that an epigenetic
rather than a genetic phenomenon is responsible for this phenotypic
heterogeneity of EL4/13 cells. It was of interest to analyze whether

altered growth conditions, more particularly growth as a solid
tumor, would alter the ratio of HTgp-1751 and HTgp-1752 cells.
Cultured EL4/13 cells were inoculated into syngeneic C57BL/6
mice and, following establishment of solid tumors 14–16 days later
(diameter 5–8 mm), tumor-derived EL4/13 cells were isolated and
tested for expression of HTgp-175 by immunofluorescence. As
shown in Figure 2, inoculated EL4/13 cells had evolved to a
homogeneously positive population. Clearly, this phenotypic shift
suggests a selective outgrowth of HTgp-1751 subpopulation.
Alternatively, HTgp-1752 cells may have acquired expression of
the tumor marker in response to their new growth environment. In
order to distinguish between the 2 possibilities, a homogeneously
HTgp-1752 and HTgp-1751 cell population was isolated from
cultured EL4/13 cells by cell sorting with a flow cytometer and
assayed for HTgp-175 expression following inoculation of the cells
and growth as a solid tumor (Fig. 3a). Again, the originally
HTgp-1752 cells acquired expression of the marker afterin vivo
passage, whereas the HTgp-1751 population retained its original
phenotype. Both sorted populations had identical tumorigenicity, as
clear from the tumor incidence (5/5) and similar tumor diameters
on day 15 (5–9 mmvs. 5–8 mm;p 5 0.85 as determined by the
Student’st-test). Thus the phenotypic shift from HTgp-1752 to
HTgp-1751 appears to be attributable to an inductive process rather
than to positive selection of contaminating HTgp-1751 cells. This
conclusion is further supported by the identical results obtained in
an experiment in which individual subclones were used instead of
sorted cells. The homogeneously negative and positive cell clones
EL4/13.3 and EL4/13.18 were inoculated into C57BL/6 mice and
tested for their HTgp-175 expression levels and tumorigenic
potential (Fig. 3b,c). Again, the tumor take and growth rates were
indistinguishable for EL4/13.3- and EL4/13.18-derived tumors,
despite the phenotypic switch from HTgp-1752 to HTgp-1751 of
the inoculated EL4/13.3 cells. When tested for malignancy, meta-
static nodules in the ovaries, kidneys, liver, lymph nodes and spleen
could be detected at earliest 30 days after intravenous (i.v.)
injection of cultured EL4/13.3 and EL4/13.18 cells. However,
formation of experimental metastasis by tumor-derived EL4/13.3
and EL4/13.18 cells was much faster, resulting in strongly devel-
oped metastatic tumors already on day 20. Thus the outgrowth as a
solid tumor is accompanied by an increase in malignancy and by
induction (in negative cells) of HTgp-175 expression.

HTgp-175 does not enhance tumorigenicity
Expression of novel genes during tumor progression frequently

leads to an increased tumorigenic potential of the cells. The similar
growth rate and tumor take observed after inoculation of either
HTgp-1751 or HTgp-1752 variants do not necessarily exclude the
possibility that this structure promotes tumorigenicity. Indeed,

TABLE I – MAb IIB1 REACTIVITY WITH NORMAL MURINE HEMATOPOIETIC CELLS AND MURINE
CULTURED TUMOR CELLS

Cells Cell origin Cell type Immunofluorescence1

EL4 Hematopoietic Lymphoma 1 (H)
EL4/13 Hematopoietic Lymphoma 1 (H)
P815 Hematopoietic Mastocytoma 1
Mf4/4 Hematopoietic v-myc-Transformed macrophage 1
L929 Non-hematopoietic Fibrosarcoma 2
WEHI 164 Non-hematopoietic Fibrosarcoma 2
LLC Non-hematopoietic Carcinoma 2
B16BL6 Non-hematopoietic Melanoma 2
PG19 Non-hematopoietic Melanoma 2
Splenocytes2 Hematopoietic T and B cells 2
T-HA Hematopoietic CD41 T cell 2
Thymocytes Hematopoietic Immature T cell 2
PEC3 Hematopoietic Macrophage 2

1Surface expression of the IIB1 structure was assessed by fluorescence-activated cell sorting (FACS), as
outlined in Material and Methods.2 5 fluorescence intensity below background;1 5 fluorescence
significantly above background; (H)5 heterogeneous.–2Either non-activated or activated with concanava-
lin A or lipopolysaccharidein vitro.–3Peritoneal exudate cells were activated by i.p. injection of 3% Brewer
thioglycollate medium and collected after 5–7 days.

FIGURE 1 – Detection of HTgp-175 by Western blotting. Irrelevant
rat IgG2b MAb (lanes 1, 3) and IIB1 MAb (lanes 2, 4) immunoprecipi-
tates of EL4/13-solubilized membranes were separated on 6% SDS-
PAGE and blotted onto nylon filters. The filters were stained with the
same irrelevant rat IgG2b MAb (lanes 1, 2) and IIB1 MAb (lanes 3, 4)
and developed by ECL. Closed arrowhead, position of HTgp-175; open
arrowhead, lower kDa probably representing a degraded product or a
processed form of the 175 kDa protein. The intense band at 68 kDa
represents the heavy chain of the antibody used for immunoprecipita-
tion. The position of molecular mass markers (kDa) is indicated on the
right.
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early induction of HTgp-175 expression would give the negative
EL4/13 cells a tumorigenic potential indistinguishable from that of
HTgp-1751 cells. In order to test this possibility, homogeneously
antigen-positive EL4/13.18 cells were mutagenized with ICR 191,
a DNA intercalating agent known to induce frameshift mutations in
bacteria and yeast, and thought to act in a similar manner in
mammalian cells. This made it possible to isolate 6 EL4/13.18
mutant clones with a HTgp-1752 phenotype. Each of these clones
produced a solid tumor after inoculation in C57BL/6 mice.
However, in contrast to parental EL4/13.18 cells or their counter-
part EL4/13.3, the tumor-derived cells did not express detectable
levels of HTgp-175 on the membrane. Figure 4 shows the
expression pattern of HTgp-175 onin vitro-cultured and tumor-
derived (15 day tumors) EL4M18.16 cells, representative of the 6
isolated mutants and EL4/13.18 cells, as well as the growth rates as
solid tumors after inoculation of the different cell types. The latter
results indicate that the latency period prior to producing a palpable
tumor as well as further tumor growth were similar both for
parental and for mutant cells (p 5 0.763). We conclude that the
antigen does not contribute significantly to the tumorigenicity of
the cells, although expression of HTgp-175 is induced during
growth as a solid tumor.

Expression of a second TAA
Since HTgp-175 is not expressed on normal counterparts of EL4

cells, such as thymocytes, T lymphocytes or other cell types of
hematopoietic origin, its induction in tumor-derived EL4/13 or
EL4/13.3 cells represents inappropriate gene expression. In order
to verify whether such expression is an isolated event, we extended
our phenotypic analysis to additional tumor markers. This resulted
in the detection of PG-M, a large chondroitin sulfate proteoglycan.
Changes of proteoglycans in neoplasms have been documented,
and production of chondroitin sulfate proteoglycan is well recog-
nized in a variety of malignant tumors. On normal tissues, PG-M
expression is most abundant on embryonic tissues (Yamagataet al.,
1993). On adult tissues, its expression is limited to some differenti-
ated tissues such as the smooth muscle layers of the aorta
(Yamagataet al., 1993). Although it has been proposed that this
proteoglycan acts as an anti-adhesive molecule (Yamagata and
Kimata, 1994), no specific role in tumor progression has been
documented. Expression of PG-M was assayed on EL4/13.3 cells
maintained in culture or freshly isolated from tumors. As shown in
Figure 5a, tumor-derived EL4/13.3 cells stained with an anti-
chondroitin sulfate MAb, whereasin vitro-cultured EL4/13.3 cells
stained negative. Northern blot analysis with a RsaI-RsaI fragment
comprising the 38 untranslated region (UTR) sequences of the
PG-M cDNA revealed that the differential production of chondroi-
tin sulfate is at least partly due to the expression of PG-M (Fig. 5b,

lane 1). Besides a 10 kb band, smearing bands of less than 4.7 kb
were present. Using a probe encompassing the same region,
Shinomuraet al.(1995) similarly detected mRNA transcripts of 10
kb, encoding the PG-M messenger, as well as a heterogeneous
population of smaller transcripts. No mRNA for PG-M could be
detected in samples from cultured EL4/13.3 cells or from
T lymphocytes (Fig. 5b, lanes 2, 3). Although these results
demonstrate the expression of PG-M, they are inconclusive as to
whether PG-M was expressed on all cells or merely on a fraction of
the tumor cells. Therefore, cell clones isolated from EL4.13.3

FIGURE 2 – Fluorographic profiles of HTgp-175 expression by
EL4/13 lymphoma cells.In vitro-cultured EL4/13 cells or tumor-
derived EL4/13 cells were analyzed for HTgp-175 expression using
IIB1 MAb (thick lines). The negative controls (thin lines) were stained
with secondary FITC-labeled antibody alone.

FIGURE 3 – Expression of HTgp-175 (thick lines) on EL4/13 popula-
tions obtained by sorting(a) or subcloning(b). The cells were assayed
before (in vitro-cultured) and after (tumor-derived) s.c. inoculation into
syngeneic mice. The fluorescence distribution of cells stained with
secondary antibody only is represented by thin lines.(c) Neoplastic
outgrowth in C57BL/6 mice of EL4/13.3 (r) and EL4/13.18 (h)
following s.c. injection of 13 105 viable cells. Each group consisted of
5 mice.
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tumor cells by limiting-dilution subcloning were assayed for
expression of the PG-M gene by RT-PCR amplification using
PG-M-specific primers (Fig. 5c, lanes 1–8). This revealed the
amplified 384 bp fragment of the PG-M transcript in all of the
analyzed tumor-derived clones. Apparently, the ectopic expression
of PG-M observed by immunofluorescence and Northern blot
analysis in the tumor cell population is widespread and not due to
contaminating cells that infiltrated the tumor. Furthermore, the
absence of amplified fragment in cultured EL4/13.3 cells (Fig. 5c,
lane 9) confirms the progression-dependent character of this
aberrant gene expression, similar to that of the HTgp-175 tumor
antigen.

EL4/13.3 cells express a differentiated phenotype after tumor
formation

The remarkably homogeneous induction in EL4/13.3 solid
tumors of PG-M and HTgp-175, combined with the apparent lack
of correlation of this expression with tumor aggressiveness,
suggested that this phenotypic switch resulted from activation of a
program of differentiation by host factors and/or tumor-related
stress conditions. If so, normal differentiation antigens may be
induced in addition to the observed ectopic PG-M and HTgp-175
antigens. Since EL4/13 is of T-cell origin, we assessed the
expression pattern of the T-cell markers CD3, CD4, CD5, CD8,
CD32 (Fcg-receptor type II), Thy-1 and MTH. MTH is a 95–100
kDa surface protein that is expressed on thymocytes and mature
T lymphocytes, but also on T-cell-derived tumor cells with
increased metastatic potential (Van Heckeet al., 1990). As
illustrated in Figure 6, cultured EL4/13.3 cells were positive for
CD5 and Thy-1, and homogeneously negative for the other
markers. Freshly isolated tumor-derived EL4/13.3 cells still ex-
pressed CD5 and Thy-1, but also CD3, CD4, CD32 and MTH.
Although the expression levels varied between the markers,
expression of the newly acquired markers was fairly homogeneous,
and no negative cells were observed. CD8 expression could not be
detected under these growth conditions, indicating that EL4 cells
differentiate to the helper T-lymphocyte lineage. From this result, it

FIGURE 4 – (a) Expression of HTgp-175 (thick lines) on EL4/13.18
cells and EL4M18.16 mutant cells afterin vitro culture or growth as
solid tumors. Control samples were stained with FITC-labeled second-
ary antibody (thin lines).(b) Tumorigenicity of EL4/13.18 (h) and
EL4M18.16 (m) in C57BL/6 mice.

FIGURE 5 – (a) Chondroitin sulfate expression by EL4/13.3 cells culturedin vitro or derived from solid tumors (thick lines, surface expression
of chondroitin sulfate analyzed using CS-56 MAb; thin lines, background fluorescence from FITC-labeled secondary antibody).(b) Northern blot
analysis of RNA transcripts encoding mouse PG-M. Total RNA samples obtained from tumor-derived EL4/13.3 cells (lane 1),in vitro-cultured
EL4/13.3 cells (lane 2) and T-HA (lane 3) were size-fractionated on a 1% agarose gel and transferred to Hybond N1 membranes. Bound RNA was
hybridized with an RsaI-RsaI fragment comprising the 38 UTR sequences of PG-M cDNA. As a quantitative control of RNA loaded in each lane,
the same blot was probed with a GAPDH cDNA fragment. The PG-M RNA transcript appears as a single band of 10 kb and a smear,4.7 kb (lane
1). The appearance of these smearing bands has been discussed (Itoet al.,1995). No PG-M RNA transcript was detectable (lanes 2, 3).(c) RT-PCR
detection of PG-M mRNA of 8 different EL4/13.3 cell clones each derived by limiting-dilution cloning from solid tumors (lanes 1–8) andin
vitro-cultured EL4/13.3 cells (lane 9). RT-PCR was checked by using diluent alone (lane 10). Amplification with specificb-actin primers is shown
as a check for RNA-reversed transcription.
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is obvious that the EL4/13.3 variantin vitro is relatively undifferen-
tiated and acquires a partially differentiated phenotype following
growth as a tumor. Most likely, this differentiation is triggered by
environmental host factors that are absent underin vitro conditions.
Our results further indicate that this apparently physiological
process of differentiation follows a course with side effects, such as
transcription of inappropriate genes and hence expression of
tumor-associated markers such as HTgp-175 and PG-M.

DISCUSSION

Tumor progression features the gradual appearance of increas-
ingly malignant cells and is accompanied by changes in expression
of a variety of growth factors, proteinases and their inhibitors,
adhesion molecules and differentiation antigens, but also by the
ectopic expression of tissue-specific genes and/or genes expressed
only during embryogenesis. It is generally believed that these
extensive differences in gene expression are driven by a continuous

accumulation of somatic mutations in individual genes, activation
of oncogenes and/or inactivation of tumor suppressor genes, and
predominance of the best-adapted, fastest-growing cells. Interac-
tions between tumor cells and their environment may also contrib-
ute to this complex process of tumor progression. Examples here
are mainly adhesion molecules and receptors involved in interac-
tions with the extracellular matrix in relationship with metastasis.
In this study, we examined the impact of the tumor environment on
gene expression by comparing the expression levels of normal
differentiation antigens and ectopically expressed TAA on cells
grown in tissue culture with those of the same cells isolated from
established tumors.

The experimental model was based on the reactivity of MAb
IIB1 with murine EL4/13 lymphoma cells. Also other murine
hematopoietic tumor cells such as P815 (mastocytoma) and Mf4/4
(immortalized macrophage) cells are recognized by the MAb, but
their normal counterparts are not. The lack of binding on murine
fibrosarcomas (L929, WEHI 164), carcinoma (LLC) and melano-
mas (B16BL6, PG19) indicates that the recognized membrane
structure is a TAA restricted to hematopoietic cells. Analysis of the
chemical nature of the antigen revealed that it represents a
membrane-bound glycoprotein with an approximate molecular
mass of 175 kDa. On the basis of these features, the antigen was
called HTgp-175.

Despite the fact that EL4/13 is a subclone of the parental EL4
cell line, we observed that about half of the EL4/13 cell population
stained negative for HTgp-175. Cell sorting and limiting-dilution
subcloning yielded cell populations that were homogeneously
positive or negative for the HTgp-175 structure and remained so for
6–8 weeks (sorted populations) and up to 3 months (subclones).
Cultures maintained for longer periods showed a gradual transition
to mixed composition. Nevertheless, HTgp-1752 cell populations
showed no perceptible growth disadvantage compared with HTgp-
1751 populations, suggesting that the phenotypic difference re-
flected an epigenetic rather than a genetic phenomenon. Inoculation
of all EL4 variants,i.e., phenotypically mixed parental EL4/13
cells and homogeneously HTgp-1752 and HTgp-1751 cells ob-
tained by sorting or subcloning (EL4/13.3 and EL4/13.18, respec-
tively), yielded solid tumors at similar lag times, growth rates and
tumor incidence. Furthermore, all tumor-derived cells analyzed
after 15 days, a period corresponding to the earliest appearance of
palpable tumors, were homogeneously positive for TAA expres-
sion, including cells from tumors evolved from originally TAA2

cells. This phenotypic homogeneity and similar tumorigenicity
argue against a preferential outgrowth of contaminating HTgp-
1751 cells as a cause for the observed phenotypic switch from
HTgp-1752 to HTgp-1751. Also, the similar tumorigenicity of
HTgp-175 loss mutants compared with parental HTgp-1751 EL4/
13.18 cells rules out an essential role of the protein in tumor
growth. Besides the induction of HTgp-175 during tumor growth,
tumor cells also acquire an increased malignant phenotype. Hence,
HTgp-175 expression is induced during tumor progression, appar-
ently in response to a regulatory pathway triggered by the
microenvironment of the tumor, but is not essential for tumor
establishment. In order to verify whether this induction was
triggered by a ‘‘normal’’ differentiation response of the cells, we
investigated the expression levels of T-cell differentiation antigens
as well as of additional TAA on EL4/13.3 cells harvested from
cultures and from established tumors. This search resulted in the
detection of homogeneous progression-induced expression of the
normal differentiation antigens CD3, CD4 and CD32, the ectopic
antigen PG-M and the metastasis-associated T-cell marker MTH.
The latter is also expressed on normal cells such as thymocytes and
mature T lymphocytes (Van Heckeet al.,1990). PG-M is expressed
on embryonic tissues during morphogenesis and differentiation
(Yamagataet al., 1993) and on certain adult tissues such as the
smooth muscle of the aorta, but not on T lymphocytes. Several
investigators have documented inappropriate expression of PG-M
on human tumor tissues (Isogaiet al.,1996). Clearly, growth as a

FIGURE 6 – EL4/13.3 cells acquire T-lymphocyte differentiation
markers after growth as solid tumors. Cell surface expression of the
various differentiation antigens was assessed by indirect immunofluo-
rescence (thick lines). The negative controls were stained with
FITC-labeled secondary antibody alone (thin lines).
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solid tumor of EL4/13.3 cells is accompanied by a dramatic
phenotypic switch of the cells from negative to positive for the
markers CD3, CD4, CD32, MTH, PG-M and HTgp-175. Since
none of these markers provides a direct growth advantage to the
cells, the phenotypic switch points to microenvironment-triggered
gene induction as part of a differentiation program. Therefore, it
appears that certain tumor cells retain their differentiating potential,
which is not expressed unless the cells are subjected to appropriate
environmental stimuli. Since T lymphocytes do not express HTgp-
175 or PG-M, it is conceivable that the differentiation program in
the transformed cells follows an erroneous course leading to
induction of inappropriate genes.

Oncogenes and suppressor genes indirectly alter the expression
levels of multiple proteins in downstream biochemical pathways.
Furthermore, transcription regulators such as homeobox-contain-
ing genes, which are essential in normal differentiation, also may
be involved in divergent gene expression leading to morphological
abnormalities (Chisaka and Capecchi, 1991) and contributing to
oncogenesis (Maulbecker and Gruss, 1993). Therefore, changes in
protein expression levels are often remote consequences of muta-
tions in regulatory genes. The pertinence of the complex interplay
between mutated or viral gene products and regulatory pathways to
inappropriate expression of specific genes is exemplified by the
observation that mouse polyoma-transformed 3T3 cells acquire
ectopic expression of the FcgRII gene only afterin vivo passage
(Ranet al., 1991). Thus polyoma virus transformation in itself is
not sufficient for FcR expression, but requires an environmental

trigger. Our results extend this observation to the concordant
expression of 2 ectopic TAAs, PG-M and HTgp-175, in response to
host-derived factors. In addition, these results demonstrate that this
induction is not an isolated event but is accompanied by expression
of normal differentiation antigens. Consequently, differentiation
processes that are executed in a fortuitous way contribute to
aberrant gene expression accompanying tumor growth and progres-
sion. This would define tumor progression, at least in part, as a
modified program of differentiation, specific to the tumor. Accord-
ingly, the differentiation program that has been modified as a result
of neoplastic transformation, and any activation of this program in
a specific microenvironment, may have profound consequences on
the progression pathway followed by transformed cells in different
microenvironments. Data from other studies agree with this
concept (Brouty-Boye´ and Raux, 1993; Radinsky, 1995): they
indicate that at different steps of tumor progression the organ-
specific microenvironment, the pathologic state of the surrounding
tissue and the tumor cell differentiation influence the pattern of
differential gene expression and hence the phenotype of the tumor
cells.
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