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Abstract. Cellular adhesion to extracellular matrix proteins
via integrin molecules is a major factor in the process of in-
vasion and metastasis of human tumor cells. Four human
prostate cell lines were characterized according to the pres-
ence and quantity of integrin subunits, the ability of the cells
to attach to extracellular substrates and the capacity of the
cells to form tumors in severe combined immunodeficient
(SCID) mice. All four human prostate cell lines expressed
three to five integrins on their cell surfaces. The DU145, PC3
and 431P cells expressed primarily e, o, and o integrin at
similar levels. These cell lines expressed the subunits S8, S;,
and B, with B, predominant. The DU145 cells preferred at-
tachment to fibronectin, followed by laminin and vitronectin.
Approximately 50%—-60% of the binding of DU145 cells to
fibronectin and laminin was dependent on the function of
o, 3, and «; respectively. The cell line LNCaP differed in its
low expression of the «, subunit, 95% of cellular adhesion to
fobronectin and laminin being integrin-dependent and its in-
ability to attach to vitronectin, in spite of surface expression
of «,f3,. All the cell lines except for LNCaP readily formed
tumors within SCID mice and the expression of «, a;, B,
and B, integrin subunits was preserved in the resulting tumor
tissue. The altered adhesion properties of the LNCaP cells
may explain their altered tumorigenicity.
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Introduction

The process of tumor formation, invasion and metastasis is
an intricate one that involves cellular attachment to the extra-
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cellular matrix, local proteolysis of the basement membrane
and migration through the stroma to gain access to the circu-
lation for the establishment of a metastatic colony (Liotta and
Kohn 1990). Within this cascade, aberrant adhesion is known
to be involved in the metastatic process in human cancers
(Liotta and Kohn 1990); migratory cells display, in past, a
loss of cellular adhesiveness (Ruoslahti and Giancotti 1989;
Burridge 1986). The process of cellular adhesion to extracel-
lular matrix proteins (collagen, fibronectin, laminin, and vit-
ronectin) as well as cell-cell adhesion is mediated in part by
transmembrane proteins that have been termed integrins. A
functional integrin is a heterodimer composed of an « and 3
subunit non-covalently linked (Hynes 1992). Both subunits
are integral membrane proteins with a large extracellular do-
main, a transmembrane domain, and a cytoplasmic domain
(Albelda and Buck 1990). The B, subunits communicate
with the actin cytoskeleton via talin, vinculin, fibulin and a-
actinin (Albelda and Buck 1990; Hogervorst et al. 1990; Bur-
ridge et al. 1988).

An alteration of integrin composition has been observed
to correlate with metastatic potential. For example, an inves-
tigation of integrin expression in histological sections of hu-
man malignant melanoma suggests that expression of 3, was
most prevalent on melanoma cells in the vertical growth
phase and that 3, expression correlates with increased meta-
static potential (Albelda et al. 1990). In addition, alternative
mtegrin units have been found on melanoma cells (Kramer et
al. 1991). These changes in integrin expression on cancer
cells suggested a selective growth advantage, the ability to
adhere and invade the basement membrane in conjunction
with its degradation and the ability to metastasize to distant
sites (Feldman et al. 1991; Constantini et al. 1990). More re-
cent studies have shown that overexpression of ,f; in
rhabdomyosarcoma cells in vitro causes an increase in for-
mation of metastatic tumors after injection of the cells into
nude mice (Bosco et al. 1991). An increase in expression of
o3, alaminin receptor, has been correlated with an increase
in basement membrane invasion by chemically transformed
human HOS cells (Dedhar and Saulnier 1990). There is also
evidence that glycosylation of 8, may also affect the inva-
siveness of cells (Dedhar and Saulnier 1990). However, in
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other studies the increase in expression of a5, the fibronec-
tin receptor, correlates with an increased adhesiveness to
fibronectin and less aggressive behavior in transformed
rodent cells (Plantefaber and Hynes 1989).

In this study, we characterized the cell-surface integrins
expressed and the adhesive properties to specific substrates
of human prostate cell lines isolated from human metastatic
tumors. The tumorigenicity of these cells was determined by
intraperitoneal injection into mice containing the severe
combined immunodeficiency (SCID) mutation. The SCID
mutation results in mice that are deficient in functional T and
B cells and are deficient in all major classes of immunoglob-
ulins (Ansell and Bancroft 1989). The SCID mice can
support the growth of allogeneic and xenogenic
tumors (Bosma and Carroll 1991).

Materials and methods

Cell lines and antibodies. DU145 (ATCC HTB 81) originally was isolat-
ed from a lesion of the brain in a patient with metastatic carcinoma of the
prostate (Stone et al. 1978). The PC3 (ATCC CRL 1435) cell line was
initiated from a grade-IV prostatic adenocarcinoma (Kaighn et al. 1979).
The LNCaP (ATCC CRL 1740) cell line was isolated from a needle as-
piration biopsy of a supraclavicular lymph node metastatic prostate ad-
enocarcinoma (Horoszewicz et al. 1983). All cell lines were obtained
from the American Type Tissue Culture Collection, Rockville, Mary-
land. 431P is a variant of the PC3 celi line (Dr. D. H. Shevrin, Universi-
ty of Illinois, Chicago, II1.) that was obtained by serially passaging PC3
in nude mice (Shevrin et al. 1986, 1988). Cells were maintained in Is-
cove’s modified Dulbecco’s medium, 10% fetal bovine serum (FBS),
1% L-glutamine (2300 mM, Gibco), and 1% penicillin/streptomycin
(10000 U/ml and 10 000 pg/ml respectively).

The antibodies to integrin, subunits included monoclonal antibodies
to a, (P1EG, Telios, San Diego, Calif.) (Wayner et al. 1988), a; (P1B5,
Telios) (Wayner et al. 1988), a, (P4G9, Telios) (Wayner et al. 1989), o
(P1D6, Telios) (Wayner et al. 1988), a, (GoH3) a gift from Dr. A. Sonn-
enberg (Sonnenberg et al. 1987), a;, (VNR 147, Telios) (Freed et al.
1989; Vogel et al. 1990), B, (A-1AS5) a gift from Dr. M. E. Hemler
(Hemler et al. 1983), B, (P4H9, Telios), B, (4B12) (Genentech Inc.,
South San Francisco, Calif.), 8, (3E1, Telios) (Hessle et al. 1984) and a
polyclonal antibody to «,8, (Calbiochem, La Jolla, Calif.). The anti-ker-
atin antibody, designated 10, 11 (a gift from Dr. Robert Cardiff) is spe-
cific for human keratins 8 and 18 (Chan et al. 1986). Secondary antibod-
ies used were fluorescein-isothiocyanate(FITC)-conjugated goat
anti-(mouse IgG), FITC-conjugated goat anti-(rabbit IgG) and FITC-
conjugated goat anti-(rat IgG) (Cappel, Durham, N.C.). Primary anti-
bodies were used at a dilution of 1: 100 and secondary antibodies were
used at a dilution of 1 :500 for immunofluorescence and at a 1: 1000
dilution for FACS analysis.

Indirect immunofluorescence microscopy. Cell lines were grown on
coverslips in 35-mm petri dishes and allowed to proceed through one or
two population doublings. Coverslips were washed three times in phos-
phate-buffered saline (PBS: 150 mM NaCl, 700 uM KH,PO,, 4 mM
K,HPO,), fixed in cold acetone for 5 min and allowed to dry in air. Cells
were rehydrated with 1% bovine serum albumin (BSA) in PBS for 5 min
and the coverslips were incubated at room temperatare with 50 pl of a
1:100 dilution of the primary antibody for 30 min. Coverslips were
washed three times with PBS and then flooded with the appropriate sec-
ondary antibody (for 30 min at room temperature). Coverslips were was-
hed three times with PBS and then mounted onto slides with 10% Gel-
vatol (Monsanto, St. Louis, Mo.) in a PBS/glycerol base.

Tumors were excized from the SCID mice and snap-frozen in liquid-
nitrogen-cooled isopentane. Serial 3- to 5-pm sections were put on
slides and acetone-fixed for 5 min then allowed to dry in air. Sections
were rehydrated in PBS for 5 min and excess PBS was drained from the
slide. The slides were incubated with 50 I of a 1 : 100 dilution of inte-
grin monoclonal antibodies or monoclonal antibody (10, 11) specific for

human cytokeratins 8 and 18 for 30 min at room temperature in a humid-
ified chamber. The slide was flooded with PBS and allowed to rinse for
an additional 5 min, then the excess was drained from the slide. The sli-
des were then flooded with the appropriate FITC-conjugated or rhoda-
mine-conjugated secondary antibody for 30 min at room temperature in
a humidified chamber. Slides were again flooded with PBS and allowed
to rinse for 5 min in a Coplin jar. Coverslips were mounted on slides us-
ing 10% Gelvatol and stored at 4° C.

Fluorescence-activated cell sorting (FACS). Cells were removed from
the tissue-culture dish with a rubber policeman and washed twice in cold
PBS. Cells suspensions were kept on ice. Cell pellets were resuspended
in 300 pl of a 1 : 100 dilution of primary monoclonal or polyclonal anti-
body and incubated for 30 min. Cell pellets were washed three times in
PBS+1% FBS+10 mM sodium azide, resuspended in 500 pl FITC-con-
jugated secondary antibody and incubated in the dark for 30 min. Cells
were fixed in 1% formaldehyde at a final concentration of 1x10° cells/ml
for FACS analysis. At least 5000 cells were analyzed on a Becton Dick-
inson FACScan system. Data points were collected using Consort 30
software and composite histograms were analyzed using Kolomogorov-
Smimorv statistics. The critical value, D,,,=0.0326, was calculated for
the 99% confidence level using the table of critical values and confi-
dence levels for a Kolomogorov-Smirnorv two-sample test (Young
1977).

Immunoprecipitation of cell-surface integrins. The proteins on the cell
surface were biotinylated using the procedure of Isberg and Leong
(1990). The cells were washed with a buffer containing 50 mM
TRIS/HC1 pH 7, 0.15 M NaCl, 1 mM CaCl,, | mM MgCl, and lysed us-
ing the wash buffer containing 1% NP40, 2 mM phenylmethylsulfonyl
fluoride, 1 pg/ml leupeptin and 1 ug/ml aprotinin with brief sonication.
The integrin ubunits were retrieved from the resulting mixture of sur-
face-labeled proteins by immunoprecipitation using integrin-subunit-
specific monoclonal antibodies, incubated for 18 h at 4° C. The antibod-
ies used were obtained from the following sources: «; (P1B3, Telios), o
(P1D6, Telios), a, (GoH3, Accurate Chemical and Scientific Corp.,
N.Y., and a, 8, (polyclonal, Calbiochem). The immunocomplexes were
retrieved using protein-A-Sepharose or a mixture of protein-G-Seph-
arose and anti-(rat Ig)-agarose and analyzed using non-denaturing 7.5%
polyacrylamide gel electrophoresis. The proteins were transferred to nit-
rocellulose and visualized by chemiluminescence using per-
oxidase/streptavidin and the ECL Western blotting detection system kit
(Amersham).

Substrate attachment and inhibition of attachment. The protocol used
was a modification of a procedure by Cheresh at al. (Cheresh et al.
1989). Individual wells of a 96-well Immulon microtiter plate (Dyna
Tech Laboratories Inc., Chantilly, Va.) were coated with human vitro-
nectin, human fibronectin (both from Telios Pharm. Inc.) or human la-
minin (Gibco Corp.) at a protein concentration of 10 pg/ml. Triplicate
wells were coated for each condition with 100 pl protein solution, sealed
with Parafilm and allowed to incubate overnight. Before plating cells,
wells were rinsed with cold PBS.

Cells were metabolically labeled with 30 uCi/ml [**S]methionine
(NEN, Expre®S¥*S, methionine/cysteine labeling mix) in 3 ml McCoys
medium deficient in methionine for 3 h. Cells were removed from the
flask by trypsinization and the cell suspensions were rinsed three times in
cold PBS. [*S]Methionine (cpm)/100pl was determined and approxi-
mately 20 000 cells (1x10° cpm) were added to each well. Cells were plat-
ed onto substrate-coated wells in triplicate and allowed to attach for 1 h.

For inhibition of attachment, 300 1 cell suspension was divided in-
to aliquots in 13x75-mm glass tubes on ice and GoH3 or P1D6 antibod-
ies were added at a 1:100 dilution. All samples were incubated for
15 min at 4° C. After incubation, 100 pl cells was plated into one of
three coated wells for each condition. The time allowed for attachment
was 1h in a 5% CO, humidified 37° C incubator. After attachment,
wells were washed three times with PBS and cells that remained at-
tached were solubilized with 200 pl 2% sodium dodecyl sulfate in PBS.
Radioactivity (cpm) that remained was determined for each well. Tis-
sue-culture 96-well plates were used as the positive control for these ex-
periments since the cells were known to attach to the treated plastic.
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Cells were plated onto untreated wells of the Immulon 96-well plate as
negative controls, as these cells will not attach to untreated plastic.

Experimental fumorigenicity assay. At least 1x107 viable tumor cells
were injected intraperitoneally into SCID mice and animals were sub-
mitted to autopsy approximately 25 days after injection. Tumor cell via-
bility was determined using the trypan blue dye exclusion test. The ani-
mals were screened for immunodeficiency by determining the
concentration of IgG present in the serum using an enzyme-linked
immunosorbent assay (ELISA). Male and female mice with IgG less
than 1.0 ng/dl were used.

Results
Indirect immunofluorescence microscopy

Indirect immunofluorescence microscopy was used to detect
the presence and distribution of integrin subunits within the
human prostate cell lines. Figure 1 shows a representative
example of the indirect immunofluorescence microscopy of
all four cell lines using monoclonal antibodies to o, and B,
subunits. Although the cell lines express surface «, the dis-
tribution of the integrin is different. For example, 431P cells
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Fig. 1. Indirect immunofluorescence detection
of the integrin subunits ¢ and 3, on human
prostate cell lines. Monoclonal antibodies
were used to detect the integrin subunits on
DU145, PC3, 431P and LNCaP cells. The
presence of the antigen-antibody complex was
detected by fluorescein-isothiocyanate
(FITC)-conjugated goat anti-(mouse IgG) or
anti-(rat IgG). Manification x400

show a diffuse cytoplasmic membrane pattern of « distribu-
tion whereas DU 145, PC3 and LnCAP cells contain o in fo-
cal regions on the cell surface. The DU145 and LNCaP cells
contain ¢ and G, in a similar distribution. Within the cell line
populations, variability was noted in the apparent amount
and distribution of integrin present on the individual cell sur-
faces.

Fluorescence-activated cell sorter (FACS) analysis

Figure 2 shows FACS histograms for each « subunit anti-
body on the prostate cell lines. Composite histograms were
produced comparing the negative-control histogram, cells
incubated with only the appropriate FITC-conjugated second
antibody (solid line), to the same cells first incubated with
monoclonal antibodies for specific « integrin subunits (dot-
ted line).

The DU145 cell line shows a strong positive shift in fluo-
rescence intensity with monoclonal antibodies (mAb) to a;,
as, o, and «, and a weak positive shift with the o, mAb. The
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i Fig. 2. Fluorescence-activated cell sorter (FACS)
analysis of the integrin subunits o, o, o, as, o,
o and @, on four human prostate carcinoma cell
& lines. The cells were reacted with each monoclon-
al antibody. The composite histograms shown for
each o subunit contain the secondary-only control
_ histogram (-—) and the histogram obtained after
incubation with a monoclonal antibody to an «
subunit (- - .). Column I, DU145; column 2, PC3;
Oy column 3,431P; column 4, LNCaP. The « sub-
units represented in each row are indicated to the
right of the figure
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Table 1. Fluorescence-activated cell sorter (FACS) analysis of « and 3 subunits on human prostate cell lines *

Cell Integrin subunits (median channel of peak fluorescence)
line

) @ @y Qs g a@, B B, By B,
DU145 7.03 51.26 247 % 38.40 46.00 15.01 13.42 3.81% 9.03 17.98
PC3 5.08 22.34 275% 9.73 46.00 8.42 7.29 2.30% 12.53 15.57
431P 4.90 26.7 4.09 12.53 12.99 11.25 5.66 2.65%* 13.47 2.85
LNCaP 3.54 3.06 3.29 12.53 49.44 10.85 8.42 3.81 2795 3.67

2 Critical D value is 0.0326 for the 99% confidence level
* D values not significant

PC3 cell line shows a strong positive shift in fluorescence in-
tensity with o, and o, mAb, and a moderate shift with a,, o,
a,. The 431P cell line, which has been characterized as a
highly metastatic derivative of the PC3 cell line (Dr. Shevrin,
University of Iilinois), produced a moderate reaction with a,
o, o and a,. All three of these cell lines showed no positive
reaction with the o, mAb. The LNCaP cell line was different
in that it reacted weakly with «, and a; mAb. Table 1 shows
the median channel of peak fluorescence from the antibody-
treated histogram (dotted histograms from Fig. 2) for all four
human cell lines using the monoclonal antibodies to the a

subunits. The relative quantities of each « subunit on each’

cell line can be compared.

Figure 3 shows FACS histograms of the human prostate
cell lines using monoclonal antibodies to the (8 subunits. The
DU145, PC3 and 431P cell lines show a positive shift in flu-
orescence intensity with mAb to §;, B;, and B,. LNCaP cells
show very minor peak shifts with 3,, 8,, 5;, and $,. Table 1
shows the median channel of peak fluorescence from the an-
tibody-treated histogram (dotted histograms from Fig. 3) for
all four human cell lines using the monoclonal antibodies to
the B subunits. The relative quantities of each 3 subunit can
be compared.

The Kolomogorov-Smirnorv test (Young 1977) was used
to test whether the negative-control histogram and the histo-
gram produced by incubation of cells with the different
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Fig. 3. Fluorescence-activated cell sorter analysis using
B monoclonal antibodies to B subunits, 3, 8,, B;, and ;.
3 The composite histograms are shown for all cell lines
with all four 8 subunit antibodies. Composite histograms

contain the secondary-only control histogram (—) and
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Fig. 4. Immunoprecipitation of the integrin subunits. The surface-ex-
posed integrins on DU145 (D) and LNCaP (L) cells were labeled vsing
biotin and immunoprecipitated using monoclonal antibodies specific for
a, oy, or a, and polyclonal antibody specific for o, 8,. The resulting pro-
teins were analyzed using non-denaturing 7.5% polyacrylamide gel
electrophoresis, transferred onto nitrocellulose and visualized by chemi-
luminescence

monoclonal antibodies to the integrin subunits were signifi-
cantly different. The composite histograms compared for «
and B subunits (Figs.2 and 3) were subjected to the Ko-
lomogorov-Smirnorv two-sample test. The histograms pro-
duced by the monoclonal antibodies that were not significant
are indicated in Table 1 by asterisks.

Immunoprecipitation of cell-surface integrins

Figure 4 shows the resulting immunoprecipitation of the
integrin units a, ; ; and a B, from DU145 and LNCaP cells.
Both cell lines contain the a,f,, ayf8,, and o, 3, integrins on
the cell surface. These data are consistent with the data ob-
tained by FACS analysis shown in Fig. 2 and Table 1. In ad-
dition we consistently observed on the surface of the DU145

cells, using the anti-e, antibody, the 3, integrin and immuno-
precipitating proteins of 70 kDa and 50 kDa. The identity of
these proteins is unknown. Using a polyclonal antibody spe-
cific for «,3,, we detected on both cell lines an integrin unit
of apparently 100 kDa molecular mass, which is consistent
with the surface expression of the S, subunit of the ¢, 3 he-
terodimer as reported by others (Smith et al. 1990; Wayner et
al. 1991). The LNCaP cell line did not express «,3; on the
cell surface as compared to the DU145 cell line, again con-
firming the FACS analysis. The o integrin subunits from the
LNCaP line migrated faster than those obtained from the
DU145 cell line, suggesting that the LNCaP integrins may be
defective in a posttranslational modification.

Substrate attachment and inhibition of attachment

Experimental substrate attachment was used to test the func-
tion of «, 3, (fibronectin), a,B, or ¢S, (laminin) and «,f3, or
a, 35 (vitronectin) (Fig. 5). Both the DU145 and LNCaP cell
lines attached to human fibronectin and human laminin. Ap-
proximately 50%~60% of the attachment of DU145 cells to
fibronectin and laminin is inhibited by the anti-c.3, antibody
(P1D6) and anti-c; antibody (GoH3) respectively. The re-
maining attachment to fibronectin and laminin may occur
through «, 8, since this integrin is observed by FACS analy-
sis (Table 1) or attachment may be integrin-independent. Ap-
proximately 97% of the attachment of LNCaP cells to fibro-
nectin and laminin is inhibited by the anti-«, 3, antibody and
the anti-a antibody respectively. In contrast to the DU145
cells, the LNCaP cells showed no attachment to vitronectin
within the 1-h incubation period. This is an unexpected result
since the cells contain surface-expressed «, 3, as detected by
FACS analysis (Table 1) and immunoprecipitation (Fig. 4).

Experimental tumorigenicity assay

The DU145 cells formed multiple microscopic tumors in the
SCID mice with occasional bloody ascites (Table 2). The tu-
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mors formed from this cell line were small and found to be
noninvasive. PC3 and 431P cells formed grossly evident
peritoneal tumors. Both PC3 and 431P tumors grew aggres-
sively and upon histological analysis were shown to be in-
vading the muscle tissue of the diaphram. In no case were
metastases found outside the peritoneal cavity. Both of these
cell lines were reduced in the o subunit compared to DU145

100
A DU145 B LNCaP
. 801
: é
S 601 %
g %
& %
%
o 407 % i
* o /
/ /
N % )
sz833 sE8323

Fig. 5 A, B. Experimental subsirate-attachment assay. The percentage of
attachment is defined as 100x (amount of cells that attach)/(cells applied
to the well). The standard error of the mean is shown for each substrate.
DU145 cells (A) or LNCaP cells (B) were tested for attachment to un-
coated plastic (plastic), fibronectin (FN), laminin (LAM) or vitronectin
(VN). The inhibition of attachment was tested by incubating the cells
with anti-«;8, (PD16) or anti-&, (GoH3) antibody prior to testing attach-
ment

Table 2. Human prostate cell line tumorigenicity and integrin content in
murine tumors *

Cell lines SCID mouse tumours Integrin

subunits
DU145 Multiple, microscopic a; By, B,
PC3 Gross, peritoneal, invasive e By, By
431P Gross, peritoneal, invasive oy oy, B
LNCaP None

* Four mice were injected for each cell line. The presence of integrins
a, ¢ and B, , was tested within the tumors by indirect immunofluores-
cence microscopy. SCID, severe combined immunodeficient

cells (Fig. 2 and Table 1). The LNCaP cell line, as shown, up
to 33 days after injection did not produce tumors.

Immunofluorescence microscopy was used to determine
the integrin expression in the human tumor tissue from the
SCID mice. Figure 6 shows that human tumor cells were
growing within the SCID mouse. All resulting tumors were
sectioned and serial sections were incubated with a human-
specific keratin monoclonal antibody and an integrin subunit
monoclonal antibody. This technique was used to verify that
the tumor contained human tumor cells and to analyze the
integrin expression in the resulting tumors. The integrin
monoclonal antibodies used on the tumor sections revealed
positive staining with e, on DU145 and 431P tumors and 8,
on all tumors (Table 2). The « integrin was found primarily
on the tumors formed by injection of the metastatic cell-line
variants PC3 and 431P. Similar to the tissue-culture lines
(Table 1), B, was positive on all human tumors.

Discussion

Integrins are thought to be involved in the process of inva-
sion and metastasis either by inappropriate or altered integrin
receptor expression (Ruoslahti and Giancotti 1989; Chelberg
et al. 1989; Long et al. 1989; Sonnenberg et al. 1988). Little
is known about integrin expression in human prostate cells
and how this effects tumorigenicity. We have initially chosen
a model system that includes four human prostatic cell lines
isolated from different metastatic sites.

All four cell lines were found to express relatively similar
amounts of «,, a,, o, @, and B, consistently. The DU145
cells expressed the greatest amount of «; when compared to
the other three cell lines. The DU145 cells formed micro-
scopically sized tumors, which were not found to be invad-
ing. The PC3 and 431P cells, however, expressed less &, and
were found to be invading surrounding tissues. Ruoslahti and
Giancotti (1989) have suggested that expression of high lev-
els of the a, B, integrin reduces cell migration. Our data are
consistent with this observation.

Dedhar and Saulnier (1990) have demonstrated the role of
a3, in basement membrane invasion by using a monoclonal
antibody against a, to inhibit invasion of chemically trans-
formed cells through a reconstituted membrane. All three tu-
mor-forming cell lines expressed similar levels of ¢, on the
cell surfaces before injection into the SCID mice. After in-
jection, the invasive tumors formed by the PC3 and 431P
cells were found to express «; and 3,. The preservation of ex-

Fig. 6 A, B. Double immunofluorescence
of cell line DU145 from a tumor section
from a severe combined immunodeficient
(SCID) mouse. A Distribution of j3; inte-
grin subunits on the human prostate cells.
B Distribution of human cytokeratin using
a monoclonal antibody designated 10, 11.
The keratin-specific fluorescence verified
human prostate cells in the tumor within
the SCID mouse



pression within the tumors of this integrin combination may
indicate a role for this heterodimer in tumor progression.

We also find it interesting that the DU145 cells, which were
not invasive, formed microscopic tumors and expressed the
greatest amount of 3, (Fig. 3), compared to the other cell lines.
The 0 is known to complex with 3, and 8, and be a receptor
for laminin (Sonnenberg et al. 1988; Lee et al. 1992); our data
(Fig. 5) indicate the «, on these cells is present as both «f3,
and B, complexes. In comparison, the invasive PC3 and
431P cell lines do not contain surface-expressed S, (Fig. 3),
suggesting primarily o3, complexes. The role of o, in tumor
progression may depend upon its association with 3,.

The LNCaP cells show surface expression of « f3,, as de-
tected by immunofluorescence and immunoprecipitation but
these cells do not functionally attach to vitronectin. This is a
curious result since vitronectin is known to be the ligand for
o, 3; (Cheresh et al. 1989; Wayner et al. 1991). These data
suggest the presence of inactive integrin subunits on the
LNCaP cell surface, which may be related to the lower ap-
parent molecular mass of the integrin subunits observed by
immunoprecipitation (Fig. 4). The activation of integrin sub-
units has been previously described as a mechanism to regu-
late integrin function (Du et al. 1991).

The activation of integrin receptors may require cooper-
ativity between receptors mediated by an extracellular ligand
(Du et al. 1991; Bauer et al. 1992; La Flamme et al. 1992).
The activation of the laminin receptors by the ligand may ex-
plain the observations that incubation of the LNCaP cells
with extracellular matrix components prior to injection al-
lows tumor formation (Pretlow et al. 1991). The extracellular
matrix may play a role in prostate cancer growth and metas-
tasis (Passaniti et al. 1992; Gleave et al. 1991, 1992; Chung
1991; Chung et al. 1991; Freeman et al. 1991) via the expres-
sion and activation of integrin heterodimers.
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