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Cell Surface Proteomics Identifies Molecules Functionally
Linked to Tumor Cell Intravasation™
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In order to better understand the molecular and cellular
determinants of tumor cell intravasation, our laboratory has
generated a pair of congenic human HT-1080 fibrosarcoma
variants (i.e. HT-hi/diss and HT-lo/diss) differing 50-100-
fold in their ability to intravasate and disseminate. To inves-
tigate the molecular differences underlying the distinct dis-
semination capacities of these HT-1080 variants, we
performed a comparative analysis of the cell surface pro-
teomes of HT-hi/diss and HT-lo/diss. Cell membrane pro-
teins were enriched by biotinylation and avidin precipitation
and analyzed by tandem mass spectrometry employing mul-
tidimensional protein identification technology. By this
approach, 47 cell surface-associated molecules were identi-
fied as differentially expressed between the HT-1080 intrav-
asation variants. From these candidates, four targets (i.e.
TIMP-2, NCAM-1, JAM-C, and tissue factor (TF)) were
selected for further biochemical validation and iz vive func-
tional verification. Western blot analysis of the cell surface
enriched fractions confirmed the proteomic array data, dem-
onstrating that, in vitro, TIMP-2 protein was increased in the
HT-lo/diss variant, whereas NCAM-1, JAM-C, and TF levels
were increased in the HT-hi/diss variant. Corresponding in
vivo differences in levels of TIMP-2, JAM-C, and TF were
demonstrated in primary tumors grown in the chick embryo.
Finally, functional inhibition of one selected protein (i.e. TF)
by small interfering RNA silencing or ligation with a func-
tion-blocking antibody significantly reduced HT-hi/diss
intravasation, thus clearly implicating TF in the early steps of
tumor cell dissemination. Overall, our cell surface proteomic
analysis provides a powerful tool for identification of specific
cell membrane molecules that contribute functionally to
intravasation and metastasis in vivo.

One of the early and possibly rate-limiting steps in cancer
progression from a localized tumor to systemic metastatic dis-
ease is intravasation (i.e. the entry of metastatic cells into the
vasculature) (1-5). Molecules involved in intravasation repre-
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sent attractive therapeutic targets, since preventing or inhib-
iting this process would confine tumor cells to their primary
site and provide a more focused target for clinical interven-
tion (6). To identify cellular attributes that functionally con-
tribute to tumor cell intravasation and metastasis, including
escape from the primary site, invasion of local stoma, and
entry into the vasculature, we have employed a pair of con-
genic human fibrosarcoma HT-1080 cell variants, differing
50-100-fold in their ability to intravasate and disseminate
(HT-hi/diss and HT-lo/diss) while having similar capacities
to form primary tumors (7). These cell variants display a
distinct differential during spontaneous metastasis but
behave comparably in experimental metastasis models
where cells are inoculated intravenously and only the later
steps of the metastatic cascade are recapitulated. Therefore,
comparative analysis of the HT-hi/diss and HT-lo/diss vari-
ants can be useful for identification of molecules specifically
contributing to early metastatic events.

Previously, we have employed activity-based protein pro-
filing (8) to identify molecules that might underlie the differ-
ential intravasation potential of the HT-1080 cell variants.
This proteomic approach implicated urokinase activation as
a key step in HT-hi/diss dissemination (9). Since many
groups of proteins functionally linked to cancer progression
are cell surface molecules, such as growth factor receptors,
transmembrane signaling molecules, and cell-cell or cell-
matrix adhesion proteins, we suggested that HT-hi/diss and
HT-lo/diss might differentially express cell surface mole-
cules that facilitate tumor cell intravasation and contribute
to early steps of cancer dissemination.

Membrane-tethered proteins are present in relatively low
abundance and therefore are often overlooked or not identified
in broad spectrum, whole cell, or tissue arrays. Cell surface
biotinylation followed by avidin precipitation is a widely used
method to enrich membrane proteins (10-14). One major
caveat of this approach is a high level of nonspecific intracellu-
lar protein contamination in avidin pull-downs. Our initial
attempt with a commercially available cell surface labeling kit
(Pierce) was disappointing, since it yielded an overwhelming
number of known intracellular proteins but few cell surface
molecules. Several previous studies involving gel-based detec-
tion for protein identification have also been hampered by lim-
ited sensitivity of the method (12-14).

To increase the specificity and sensitivity of the cell surface
proteomic approach, we have introduced essential modifica-
tions to standard cell labeling procedures and used a non-gel
mass spectrometry approach employing multidimensional pro-
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