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In Vitro and in Vivo Consequences of VLA-2
Expression on Rhabdomyosarcoma Cells

Bosco M. C. CHAN, NARIAKI MATSUURA, YOSHIKAZU TAKADA,
BRUCE R. ZETTER, MARTIN E. HEMLER*

Cloned integrin o, subunit complementary DNA was expressed on human rhabdo-
myosarcoma (RD) cells to give a functional VLA-2 (a,B,) adhesion receptor. The
VLA-2-positive RDA2 cells not only showed increased adhesion to collagen and
laminin in vitro, but also formed substantially more metastatic tumor colonies in nude
mice after either intravenous or subcutaneous injection. These results show that a specific
adhesion receptor (VLA-2) can markedly enhance both experimental and spontaneous
metastasis. In contrast to the metastasis results, there was no difference in either the in
vitro growth rate or apparent in vivo tumorigenicity of RD and RDA2 cells.

EMBERS OF THE INTEGRIN FAM-

ily of adhesion receptors, com-

prised of at least 15 distinct af-
subunit heterodimers (1, 2), mediate cell
binding to major components of the extra-
cellular matrix (ECM). For example, among
the B, subfamily of integrins (VLA pro-
teins), VLA-1, -2, and -3 mediate cell bind-
ing to collagen, VLA-3, -4, and -5 bind
fibronectin, and VLA-1, -2, and -6 bind
laminin (2). Integrins in the B; subfamily
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may be involved in tumor cell metastasis
because the dissemination of tumor cells and
their subsequent growth in secondary sites
require extensive interaction with ECM pro-
teins, both in the vascular basement mem-
brane and interstitial stroma at the second-
ary site (3).

As evidence of a potential role for B,
integrins in metastasis, monoclonal antibod-
ies (MAbs) to VLA proteins can block cell
migration and invasion through basement
membranes in vitro (4), and VLA protein
expression has been variably correlated with
invasiveness in vitro (5, 6). Also, small syn-
thetic peptides derived from cell adhesion
molecules can block both cellular invasive-
ness in vitro and experimental metastasis in
vivo, presumably by acting as ligand analogs
competing for adhesion receptor binding

sites (7). However, in vivo studies have not
yet identified the specific adhesion receptor
or receptors important for metastasis. With-
out addressing the issue of metastasis, other
investigators have found that cell transfor-
mation (8, 9) and increased tumorigenicity
(10) correlate with alterations in B, integrin
expression.

Because cells usually express multiple in-
tegrins with overlapping ligand specificities,
MADb blocking studies and correlational
changes in integrin profiles are difficult to
interpret. Also, the adhesion receptors that
facilitate cell growth at a primary tumor site
(that is, show tumorigenicity) are not nec-
essarily the same as those involved in dis-
semination to tissue sites distant from the
primary tumor (that is, metastasis).

This study focuses on the in vitro and in
vivo roles of VLA-2, an adhesion receptor
that usually binds both collagen and lami-
nin, but on some cell types only binds
collagen (11). To fully evaluate the in vivo
effects of VLA-2, we examined not only
tumorigenicity, but also both “spontane-
ous” and “experimental” metastasis. In the
former, a tumor cell migrates into and
through surrounding tissue, traverses a
nearby vascular wall (or lymphatic channel),
travels through the circulation, extravasates
by again migrating through a vascular wall,
and finally begins to grow in a new tissue
location. In “experimental metastasis,” tu-
mor cells are injected intravenously and then
escape from the circulation and colonize a
tissue site, in a model system that mimics the
latter steps of spontaneous metastasis.

To study the functions of VLA-2, we
introduced the full-length cDNA clone for
the a, subunit (12, 13) into the rhabdomyo-
sarcoma tumor cell line RD by means of the
mammalian cell expression vector pFneo (14).
The expression of VLA-2 or transfected RD
(RDA2) was demonstrated by immunoprecip-
itation (Fig. 1B) and by immunofluorescence
staining (Fig. 1A). Although B, and other a
subunits are present in both RD and RDA2
cells, o, expression was observed only in the
RDA2 cells. Because the o, gene product was
coprecipitated with the B, subunit (Fig. 1B)
and the amount of B, expressed at the cell
surface increased (Fig. 1A) over that of RD
cells, the o, subunit must have associated with
the endogenous B, subunit of RD cells. Flow
cytometry experiments showed that transfec-
don of the a, gene caused no alteration in the
surface levels of VLA-1, -4, -5 and -6, normally
found on RD cells. Together these results
support the previous suggestion (15) that a
pool of excess B, subunit is available for asso-
ciation if the amount of a should increase.
Also, our results agree with findings from other
integrin transfection studies which showed that
« or B subunits from the B, and B; integrin
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subfamilies were expressed at the cell surface
only if the correct complementary subunit was
available for assocation (16).

The RDA2 cells bound to collagen and
laminin better than did RD cells (Fig. 2, A
and B), whereas binding to fibronectin (Fig.
2C) was similar for RD and RDA2. Colla-
gen and laminin binding by RDA2 cells, but
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Fig. 1. Expression of
VLA-2 (a;8,) by RD
cells. By means of the
Lipofectin reagent (Be-
thesda Research Labo-
ratories), RD cells were
transfected with 10 pg
of the plasmid pFneo
(14), conmining «a,
cDNA (12, 13). After 4
weeks in selective me-
dia [containing 2 mg of
Geneticin per milliliter
(Gibco)], a,-positive
cells (called RDA2)
were further enriched
by means of magnetic
beads (Dynal). (A) —_
Flow cytometric analyses of RD and RDA2 cells
were performed with the ani-VLA-2 MAb 5E8
(19) (upper panel), the VLA-B; MAb A-1A5 (22)
(lower panel), and the MAb P3 (23) as a negative
control (dotted line, both panels). (B) For analysis
of VLA-2 by immunoprecipitation, RD (lanes a to
c) and RDA2 cells (lanes d to f) that were '2°I-
labeled on the cell surface were solubilized in
phosphate-buffered saline (PBS) containing 1%
NP-40, by established procedures (22). Cell ex-
tracts were immunoprecipitated with the MAb
J-2A2 (24) as a negative control (lanes a and d); the
MAD 5E8 (9) anti-VLA-2, (lanes b and e); and the
MADb A-1A5 (22) anti-VLA B,(lanes ¢ and f).
Precipitated samples were analyzed by SDS—poly-
acrylamide gel electrophoresis (SDS-PAGE), on
6% gels under nonreducing conditions.
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not by RD cells, was susceptible to inhibi-
tion by MAbs to VLA-2 (Fig. 3). Visual
inspection of bound cells revealed that
RDA2 spread more than RD cells on colla-
gen and laminin, whereas both cell types
spread similarly on fibronectin.

To assess the in vivo effect of VLA-2
expression on RD cells, we first used an
experimental metastasis system, in which
10° RD or RDA?2 cells were injected into
the tail veins of nude mice (Fig. 4). After 8
weeks of observation, more tumors were
found in the lungs and other tissues of mice
injected with RDA2 cells (mean, 56.4; me-
dian, 29 foci per mouse) compared to RD
cells (mean, 2.6; median, 2 foci per mouse).
The tumors in each group were of equiva-
lent size, suggesting that VLA-2 expression
does not affect the in vivo growth properties
of RD cells. Rather, VLA-2 expression on
RD cells most likely altered adhesion to
vascular determinants soon after intravenous
injection. Importantly, no RD tumor
growth was observed in any but lung sites,
whereas RDA2 cells also yielded tumors in
the bone, lymph nodes, and adrenal glands
(Fig. 4, inset).

Also, we compared the capability of RD
and RDA2 cells to form spontaneous metas-
tases. After subcutaneous injection of RD
cells, no detectable tumors (0/6 mice) were
observed in any secondary sites, whereas
mice injected subcutaneously with RDA2
cells had a total of five secondary lung tumor
foci (in 4/6 mice). These results indicate that
VLA-2 expression can also markedly en-
hance spontaneous metastasis.

In contrast to the notable differences in
metastasis between RD and RDA2 cells,
there was no difference in growth rate (as-
sessed by [*H]thymidine uptake) for
RDA2, mock-transfected RD, and untrans-
fected RD cells. Also, there was no apparent
difference in the tumorigenicity of RDA2
and RD cells because each formed tumors at
primary subcutaneous injection sites in 6/6
cases, and the tumors were of similar size
and grew at similar rates.

Possible explanations for increased RDA2
cell metastases are that (i) VLA-2 expression
causes preferential RDA2 adhesion to base-
ment membrane (or other ligand-containing
sites) or (ii) RDA2 cells might be less
sensitive to clearance by natural killer cells.
The latter explanation may be unlikely, be-
cause expression of VLA-2 (and other VLA
proteins) correlates with increased suscepti-
bility to lysis mediated by natural killer cells
(6). Thus, if nude mouse natural killer cell
activity were blocked, RDA2 cells conceiv-
ably could form even more tumor foci rela-
tive to the RD cells. Also, we have observed
no propensity for either RD or RDA2 cells
to form cell aggregates while in suspension,
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Fig. 2. Binding of RD (- - -) and RDA2 (—)
cells to collagen (A), laminin (B), and fibronectin
(C). Cell adhesion assay procedures (13) were
carried out with 5!Cr-labeled cells [5 x 10* cells
in 0.1 ml of RPMI media with 1% bovine serum
albumin (BSA)] added to 96-well microtiter
plates that had been coated with various concen-
trations of matrix proteins and then blocked with
BSA. After a 20-min incubation at 37°C, un-
bound cells were removed by gentle washing with
RPMI. Radioactivity corresponding to bound
cells was used to calculate percent cell adhesion
after subtraction of nonspecific binding to BSA-
coated wells (usually less than 10%). Each data
point represents the average of triplicates = 1 SD.
The basal binding by RD cells to collagen, lami-
nin, and fibronectin is due to endogenous VLA-1,
-6, -4, and -5.

A
J2A2

Percent adhesion

RD RDA2

Fig. 3. Inhibition of RD and RDA2 cell binding
to collagen (A) and laminin (B). Binding to
collagen (0.1 pg/ml) and laminin (3 pg/ml) was
as in Fig. 2 except that either the control MAb
J-2A2 or the anti-VLA-2 MAb 5E8 was present
at ~5 to 20 pug/ml. Data shown are from triplicate
determinations, +1 SD.
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suggesting that mechanical trapping of ag-
gregates is not an explanation for the ob-
served differences in metastasis.

Our in vitro and in vivo studies together
suggest that binding of VLA-2 to collagen,
laminin, or both contributes to one or more
steps in the metastatic process. In particular,
our experimental metastasis results show
that the influence of VLA-2 can occur after
cells have entered the circulation, in a mech-
anism perhaps involving adhesion to colla-
gen or laminin, or both, in the subendothe-
lium, during extravasation. Earlier studies
have shown that laminin may potentiate
tumor metastasis (17), possibly by a mecha-
nism that involves laminin-induced activa-
tion of metalloproteinase activity (18). It is
not known whether a similar mechanism
might be mediated through VLA-2, but if
so, it might contribute to VLA-2-mediated
invasiveness. In this regard, another integrin,
VLA:5, transmits a signal leading to induc-
tion of matrix-degrading enzymes (19).

Whereas the a,-transfected RD cell is an
artificially created system for analyzing the
role of VLA-2 in metastasis, there are tumor
cells that naturally express VLA-2. Thus we
predict that the up-regulated expression of
VLA-2 on many lung tumors (9) and on an
osteosarcoma cell line (5) could contribute
to the invasiveness of those cells.

Once the exact peptide sequences recog-
nized by VLA-2 in collagen and laminin are
determined, small peptides, or drugs mim-
icking these peptides, could perhaps be used
therapeutically to block tumor cell metasta-
sis. Besides binding to collagen and laminin,
it is also conceivable that VLA-2 might
mediate cell-cell interactions (20), which
may contribute to the in vivo results ob-
tained here. The interaction of other inte-
grins (LFA-1 and VLA-4) with their cell
surface ligands (ICAM-1 and VCAM-1) has
been suggested to contribute to tumor cell
metastasis (21), although direct evidence is
still Jacking.

A previous study showed that overexpres-
sion of a fibronectin receptor (a5B,, VLA-
5) was accompanied by reduced tumorige-
nicity of transformed cells (10), but the issue
of metastasis was not addressed. The present
study failed to show any apparent effect of
VLA-2 on growth rate or tumorigenicity,
but showed that VLA-2 receptors can en-
hance metastasis. Together these studies af-
firm that individual integrins can differen-
tially influence the tumorigenic and me-
tastatic properties of cancer cells.

In conclusion, the results presented here
represent a direct demonstration that a spe-
cific adhesion receptor can influence the
frequency and distribution of metastatic col-

300 | Mice injected with RDA2 cells
N =13) RD RDA2
i Lung Others Total Lung Others Total
250 -
Expt.1 | 2(4) 0(4) 2(4) | 446(6) 22(6) 468(6)
Expt.2 | 27(7) 0(7) 27(7) | 247(7) 18(7) 265(7)
— 200 -
Q
]
s F Mean 2.6 0 2.6 533 3.1 56.4
E 150 Median 2 0 2 23 3 29
g
Z
100
50
0
50 = Mice injected with RD cells
(N =11)
o L | . L | . u . ot BN 00 |
Expt. 1 Expt. 2

Fig. 4. Experimental metastasis by RD and RDA2 cells in nude mice. Cells (1 x 10° per mouse) were
injected into the tail veins of nu/nu CD-1 mice [experiment (Expt.) 1] or nu/nu Balb/c mice (Expt. 2).
After 8 weeks, the total number of tumors in the lungs and other tissues was determined for each mouse
(vertical bars). The inserted table indicates the number of tumors observed in lungs, other locations, and
the total, for experiments 1 and 2. The number of mice used in each experiment is indicated in
parentheses. The category of “Others” includes bone, adrenal glands, and lymph nodes. The data from
both experiments 1 and 2 were used to obtain mean and median tumors per mouse.
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onies in vivo in both experimental and spon-
taneous systems. Also, this work establishes
a precedent suggesting that other adhesion
receptors might similarly be evaluated for
their contributions to the complex process
of tumor cell localization.
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