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Abstract Progression of tumor cells toward a high malignancy phenotype and metastasis is a multi-event cascade
involving inter alia alterations in the expression of various genes. The focus of our laboratory is on genes whose altered
expression may lead, directly or indirectly, to an increased malignancy phenotype. The identification of such genes and
the evaluation of the consequences of their altered expression is essential for attempts to halt tumor progression and
prevent metastasis formation. Published work originating in our laboratory showed that members of the murine Ly-6
supergene family are involved in the progression of certain mouse tumors. The expression level of several members of
this family was higher on highly malignant cells than on tumor cells expressing a lower malignancy phenotype. Sorting
by flow cytometry of tumor cells to subpopulations expressing either high or low levels of Ly-6E.1 yielded correspond-
ingly cells expressing a high or a low malignancy phenotype. The high malignancy, high Ly-6E.1-expressing cells also
expressed high levels of the receptor for urokinase plasminogen activator (uPAR), whereas low malignancy, low
Ly-6E.1-expressing cells also expressed low levels of uPAR. Transfection studies indicated that uPAR was causally
involved in conferring a high malignancy phenotype upon tumor cells expressing high levels of Ly-6E.1. E48 is a human
homologue of the murine ThB protein, a member of the Ly-6 supergene family (but distinct from the Ly-6E.1 protein
mentioned above) and expressed on head and neck squamous carcinoma cells. Experiments currently in progress are
aimed to find out whether E48 is involved in the progression of such cancer cells. Using the differential display
technology, it was shown that ligation of E48 on tumor cells by the corresponding antibodies (serving as a surrogate for
an as yet unidentified E48 ligand) upregulates an enzyme (FX) involved in the biosynthesis of GDP-L-fucose. Fucose is an
essential component of certain selectin ligands. J. Cell. Biochem. Suppl. 34:61–66, 2000. r 2000 Wiley-Liss, Inc.
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Various types of alterations in oncogenes and
in tumor suppressor genes are responsible for
the key events of carcinogenesis [Kinzler and
Vogelstein, 1996]. In addition to these alter-
ations, numerous genes (that cannot, at least as
yet, be defined as oncogenes or tumor sup-

presser genes) are differentially expressed in
cancer cells and in normal cells. In a recent
analysis using the newly developed method of
serial analysis of gene expression it was shown
that about 1.5% of genes are differentially ex-
pressed in normal and cancerous colorectal epi-
thelium [Zhang et al., 1997]. It is not unreason-
able to assume that at least some of these
differentially expressed genes contribute posi-
tively or negatively to local tumorigenicity and
tumor progression. A comprehensive compari-
son in gene expression profiles of nonmetastatic
and metastatic tumor cells has not been con-
structed as yet. However, numerous studies
focusing on certain gene products that are likely
to play a role in tumor progression toward
metastasis have demonstrated differences in
their expression between less and more pro-
gressed tumor cells [Zhang et al., 1997; Zusman
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et al., 1996a; Katz et al., 1994; Fidler et al.,
1996; Witz et al., 1996]. Because tumor progres-
sion toward metastasis largely involves genes
that control the social behavior of cancer cells
such as adhesion, motility, invasiveness, and
interaction with growth factors [Hakomori,
1996], these genes should be focused on. Numer-
ous studies showed that factors present in the
tumor microenvironment are able to regulate
the expression of such progression-associated
genes. Cancer-microenvironmental factors
(CMF) may behave as a double-edged sword
exerting opposing (cancer progression enhanc-
ing or cancer progression restraining) effects.
This bidirectionality is illustrated by 3 ex-
amples: Tumor infiltrating immunocytes or tu-
mor-localized immunoglobulins may positively
or negatively correlate to tumorigenesis and
tumor progression [Witz, 1977]. Certain cyto-
kines are powerful anti-tumor agents being al-
ready utilized in clinical trials while conversely,
these or other cytokines may promote and en-
hance metastasis [Croxtall et al., 1992; Ramani
and Balkwill, 1987]. Laminin, a major compo-
nent of the extracellular matrix, contains pep-
tides that may either suppress or conversely
enhance metastasis [Kibbey et al., 1992; Yama-
mura et al., 1993].

Therefore, it would appear highly logical to
attempt to strengthen tumor-CMF interactions
that destroy or inhibit tumor cells and to block
metastasis-promoting tumor-CMF interactions.
However, the spectrum of tumor-CMF interac-
tions is far from being completely evaluated,
and the significance of many such interactions
remains to be elucidated [Witz et al., 1996;
Nicolson, 1991; Radinsky and Fidler, 1992;
Fidler, 1995].

This mini-review illustrates the complexity
of tumor CMF interactions. One family of pro-
teins that is differentially expressed by low and
high malignancy tumor cells of human and
mouse origin is described and their role in bio-
chemical cascades leading to a high malignancy
phenotype evaluated. This gene family and/or
the genes regulating their expression could con-
ceivably be targeted in order to prevent or eradi-
cate metastasis.

Microenvironment-Regulated Genes and the
Involvement of Murine Ly-6 Proteins

in Tumor Progression

The work in our laboratory focuses on tumor-
CMF interactions trying to identify genes whose

expression is altered (induced/upregulated or
silenced/downregulated) by CMF-mediated sig-
naling as low malignancy tumor cells progress
to a high malignancy phenotype [Zusman et al.,
1996a; Katz et al., 1994, 1994–1995; Witz et al.,
1996; Halachmi and Witz, 1989; Ben-Baruch et
al., 1992; Ran et al., 1991]. The approach under-
taken has been to screen for microenvironment-
regulated gene-products differentially expressed
by tumor cells expressing either a high or a low
malignancy phenotype [Katz et al., 1994; Witz
et al., 1996; Halachmi and Witz, 1989]. By
using a combined in vitro/in vivo murine model
system developed in our laboratory [Halachmi
and Witz, 1989], we were the first to show that
certain highly tumorigenic murine tumor cells
express de novo receptors for the Fc portion of
IgG (FcgRIIB1), whereas low tumorigenic tu-
mor cells did not [Zusman et al., 1996a,b; Witz
et al., 1996; Ben-Baruch et al., 1992; Ran et al.,
1991]. Gene transfer experiments indicated that
FcgRIIB1 was causally involved in enhancing
the tumorigenicity phenotype of the tumor cells
and that the cytoplasmic domain of the receptor
was the key player in this enhancement [Zus-
man et al., 1996a,b].

Other gene products found by us to be differ-
entially expressed by murine tumor cells differ-
ing in their local tumorigenicity and metastatic
phenotype are members of the Ly-6 supergene
family [for reviews, see Shevach and Korty,
1989; Rock et al., 1989; Gumley et al., 1995].
Fibroblastic tumor cells and mammary adeno-
carcinoma cells were sorted by flow cytometry
into stable subpopulations differing in the ex-
pression of Ly-6E.1 and of Ly-6C.1 and Ly-6G.1
[Katz et al., 1994; Treister et al., 1998]. High
Ly-6 (Ly-6hi) expressors in both tumor systems
were significantly more tumorigenic and meta-
static than low Ly-6-expressing (Ly-6lo) tumor
cells [Katz et al., 1994; Treister et al., 1998].
These results were confirmed by other investi-
gators [Cohn et al., 1996]. Comparative karyo-
typing of Ly-6hi and Ly-6lo tumor cells carried
out by Itshak Golan from our laboratory re-
vealed that both showed a chromosome 15 tri-
somy. There was however no difference in this
respect between the two types of tumor cells.
The results of fluorescent in situ hybridization
(FISH) experiments as well as Southern blot
analysis ruled out an amplification of the Ly-
6E.1 gene in Ly-6hi cells. By contrast, Northern
blot analysis and run-on assays indicated an
increased transcriptional activity of Ly-6E.1 in
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Ly-6hi tumor cells. It was also found that Ly-6
mRNA stability in Ly-6hi tumor cells was higher
than that in Ly-6lo cells (unpublished).

Membrane Ly-6 levels on tumor cells were
upregulated by interferon a (IFNa) and by coat-
ing such cells with monoclonal antibodies di-
rected against Ly-6E.1 [Eshel et al., 1995]. Ly-
6E.1 levels were slightly downregulated by
tumor necrosis factor-a (TNFa) and drastically
downregulated by anti Fas antibodies [Sagi-
Assif et al., 1996]. Serum starvation and heat
shock significantly upregulated Ly-6 levels ex-
pressed by the tumor cells. The stress-mediated
effects on Ly-6 levels were less pronounced in
the mammary carcinoma cells than in the fibro-
blastic tumors [Treister et al., 1998].

In order to determine whether the high ex-
pression of Ly-6 is causally related to a high
malignancy phenotype, gene transfer experi-
ments were performed by Itshak Golan from
our laboratory, with the collaboration of Ethan
Shevach from the NIH. Ly-6lo mammary tumor
cells were transfected with Ly-6E.1 cDNA and
Ly-6hi tumor cells were transfected with Ly6-
E.1 antisense. High malignancy tumor cells
remained highly malignant even after Ly-6E.1
levels were decreased by Ly-6 antisense. Low
malignancy tumor cells retained their low ma-
lignancy phenotype even after their Ly-6 expres-
sion was increased after transfection with Ly6-
E.1 cDNA. We tentatively conclude that Ly-
6E.1 is not involved, as a sole factor, in shaping
the malignancy phenotype of these mammary
adenocarcinoma cells (submitted for publica-
tion). These studies suggest that one or more
cofactors, perhaps coregulated and functioning
in conjunction with Ly-6E.1, may confer a high
malignancy phenotype upon the tumor cells.
Tsipora Meshel, Itshak Golan, and Orit Sagi-
Assif from our laboratory, again in collabora-
tion with Ethan Shevach, tested wheher the
receptor for urokinase plasminogen activator
(uPAR) is coregulated with Ly-6E.1. uPAR was
studied because this molecule is also a GPI-
linked protein being structurally related to the
Ly-6 family and because uPAR was shown to be
involved in tumor and metastasis formation
[Andreasen et al., 1997]. Northern blotting
analyses of RNA preparations from Ly-6hi and
Ly-6lo DA3 tumor cells showed that the expres-
sion of uPAR mRNA is significantly higher in
Ly-6hi than in Ly-6lo cells (manuscript in prepa-
ration). These results suggest that uPAR may
be coregulated with Ly-6E.1 in tumor cells. In

order to find out whether uPAR is a cofactor
involved in conferring a high malignancy pheno-
type upon Ly-6hi tumor cells, a vector carrying
uPAR antisense (a.s.) was transfected to highly
tumorigenic and metastatic Ly-6hi DA3 cells.
Control cells were transfected with empty vec-
tor. uPAR a.s. and control transfectants were
inoculated into untreated BALB/c mice. The
results showed that uPAR a.s. transfection was
capable of reducing the local tumorigenicity
and spontaneous pulmonary load of the mam-
mary tumor cells (manuscript in preparation).
This experiment also suggests that uPAR, per-
haps together with Ly-6, functions to increase
the malignancy and metastatic phenotype of
tumor cells. An identical conclusion was de-
rived from results of the reverse experiment in
which uPAR cDNA was transfected into Ly-6lo

DA3 tumor cells expressing a low malignancy
phenotype. This transfection significantly in-
creased the malignancy phenotype of the trans-
fectants (submitted for publication).

The next set of experiments was aimed to
demonstrate a possible link between an angio-
genic phenotype of tumor cells and Ly-6 expres-
sion.After an i.p. inoculation of cloned fibroblas-
tic tumor cells to syngeneic mice, highly
angiogenic (ang1) and poorly angiogenic (ang2)
tumors were obtained: These tumors were intro-
duced separately into culture. The cultured
ang(1) cells were more highly tumorigenic and
metastatic than ang(2) cells [Sagi-Assif et al.,
1996]. The cells were also analyzed for Ly-6E.1
expression. It was found that the ang(1) cells
expressed considerably higher levels of Ly-6E.1
than the ang(2) cells [Sagi-Assif et al., 1996].

Eran Neumark, in collaboration with Dr. Adit
Ben Baruch and R. Anavi from our department,
compared the ability of Ly-6hi and Ly-6lo DA3
cells to secrete chemotactic factors for mono-
cytes using modified Boyden chemotaxis cham-
bers. The results of these preliminary experi-
ments showed that the former cells secrete
considerably more monocytes chemoreactants
than the latter ones. The use of inhibitory anti-
bodies showed that the chemokine exerting the
chemotactic function was identified as MCP-1
[Neumark et al., 1999]. The fact that Ly-6hi

cells express a higher angiogenic phenotype
than Ly-6lo cells, that Ly-6hi cells express higher
levels of uPAR than Ly-6lo cells, and that Ly-6hi

cells secrete more MCP-1 than Ly-6lo cells may
be linked to a single mechanism based on the
following working hypothesis.
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Ly-6hi DA3 cells secrete more MCP-1 than do
Ly-6lo DA3 cells and thus attract more mono-
cytes and macrophages into the tumor site. The
fact that such infiltrating cells secrete angio-
genic factors [Leek et al., 1996] may explain the
observation that cells derived from angiogenic
tumors express higher levels of Ly-6 than cells
derived from poorly angiogenic tumors. Further-
more, uPAR and its ligand play a role in tumor
angiogenesis possibly by concentrating angio-
genic factors at the membrane of tumor cells
[Andreasen et al., 1997]. The higher expression
of uPAR by Ly-6hi cells may thus cause a high
localization of angiogenic uPAR ligands on these
cells.

Does E48, a Human Ly-6 Protein, Play a Role in
the Progression on Cancer Cells?

In view of the involvement of Ly-6 in the
progression of mouse tumors, we decided to
examine whether these studies could be tran-
scribed to human cancer. Preliminary studies
carried out with E48, the first human Ly-6 gene
to be identified and cloned (out of three cloned
thus far)[Brakenhoff et al., 1995; Mao et al.,
1996; Kimura et al., 1997], suggest that E48
may indeed be involved in the shaping of the
malignancy phenotype of certain cancer cells.

The E48 monoclonal antibody (MAb) was one
of several MAbs developed in order to detect
and treat minimal residual disease of head and
neck squamous carcinoma cells (HNSCC) after
primary treatment [Quak et al., 1990]. The
MAb E48 recognizes an outer membrane anti-
gen which was expressed by the majority of
HNSCC. Biodistribution of the E48 MAb in
HNSCC patients showed that radioimmuno-
therapy using this antibody as a targeting ve-
hicle was a feasible approach for the eradica-
tion of small tumor deposits [De Bree et al.,
1995]. The antigen recognized the MAb E48
was chemically isolated and its cDNA cloned
[Brakenhoff et al., 1995]. It proved to be a
glycosyl-phosphatidylinositol (GPI) anchored
membrane protein expressed by squamous cells.
E48 is highly (nearly 70%) homologous to the
murine ThB protein, a member of the Ly-6 gene
family [Gumley et al., 1995; Brakenhoff et al.,
1995]. The nucleotide sequence of ThB shows
only a low (about 25%) degree of homology to
the Ly-6 proteins (Ly-6E.1; Ly-6C.1 and Ly-
6G.1) described above. E48 maps to human
chromosome 8q24 [Brakenhoff et al., 1995],

which is the syntenic locus of mouse chromo-
some 15E, the location of the mouse Ly-6 gene
family [Shevach and Korty, 1989]. Whereas both
E48 and ThB are expressed on keratinocytes of
squamous epithelia [Brakenhoff et al., 1995],
they differ in lymphocyte expression. ThB is
expressed by mouse lymphocytes, but E48 is
not expressed by human lymphocytes. The func-
tion of E48 on keratinocytes of squamous epithe-
lia is still unclear although it seems to be in-
volved in cellular adhesion [Brakenhoff et al.,
1995]. Shortly after the cloning of E48, two
additional human Ly-6 genes were cloned [Mao
et al., 1996; Kimura et al., 1997].

Preliminary results obtained in our labora-
tory indicate that, in addition to its involve-
ment in adhesion, E48is capable of transducing
signals to squamous carcinoma cells. The down-
stream effects of these signals are manifested
by the induction/ upregulation (or perhaps also
silencing/ downregulation) of genes that may
play a role in tumorigenesis and tumor progres-
sion.

In studies performed by Rinat Eshel in our
laboratory, in collaboration with Drs. Braken-
hoff and van Dongen from the Free University
of Amsterdam, we set out todetermine whether
E48 is capable of altering the expression of
cellular genes in HNSCC by transducing sig-
nals to such cells. MAbs against E48 were added
to HNSCC as a surrogate ligand (the physiologi-
cal ligand of E48 has not been identified thus
far). The method used to detect altered gene
expression was differential display (DD) poly-
merase chain reaction PCR of mRNA [Liang
and Pardee, 1992]. A higher expression of two
mRNA species corresponding to the two cDNA
species identified in the DD assays was dis-
played using Northern blotting of RNA from
untreated or antibody-treated HNSCC. One of
the corresponding cDNAspecies was then cloned
and sequenced. Genebank analysis showed that
it had a 98.2% homology to FX, a homodimeric
nicotinamide adenine dinucleotide phosphate
[NADP(H)]-binding protein of 68 kD first iden-
tified in human erythrocytes about 20 years ago
[De Flora et al., 1977]. FX has been recently
identified as the enzyme responsible for the last
step of the major metabolic pathway resulting
in guanosine 58-diphosphate (GDP) L-fucose syn-
thesis from GDP-D-mannose [Tonetti et al,.
1996]. GDP-L-fucose is the substrate of several
fucosyl transferases involved in the correct ex-
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pression of many glycoconjugates including
blood group components and tumor-associated
antigens. Fucosylated glycoconjugates function
as ligands for selectins—a family of cell adhe-
sion receptors with lectin-like N-terminal do-
mains [Springer and Lasky, 1991]. The interac-
tions of selectins with their ligands play highly
significant roles in developmental and physi-
ological processes, as well as in tumor progres-
sion and metastasis [Springer and Lasky, 1991;
Sun et al., 1995; Walz et al., 1990; Kong et al.,
1993]. Experiments in progress in our lab-
oratory are aimed to find out whether the
E48-mediated upregulation of FX bears con-
sequences with respect to selectin-ligand expres-
sion on HNSCC and whether it facilitates inter-
action of the tumor cells with endothelial cells.

CONCLUDING REMARKS

Although the progression of tumor cells to-
ward high malignancy and metastasis is accom-
panied by mutations or deletions of certain
genes in cancer cells [Kinzler and Vogelstein,
1996], many of the properties of premetastatic
cells and their progression toward metastasis
are determined by an aberrant regulation of
unaltered genes [Sager, 1997; Witz et al., 1996;
Nicolson, 1991] governing primarily the social
behavior of cells [Hakomori, 1996]. In order to
design intelligent and rational approaches to
halt tumor progression and prevent or delay
metastasis formation, it is imperative that the
molecules regulating the expression of such
genes be identified and the cascades driving
tumor progression be fully elucidated.
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