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III. ABSTRACT

Laminin is a major component of basal lamina and
binds to the cell largely through a6 integrin receptors. The
continued production of laminin by a tumor cell could confer
an advantage to further invasion . The endogenous production
of laminin by human prostate tumor cell lines DU145
(tumorigenic) and LNCaP (non-tumorigenic) was analyzed and
related to their tumorigenic potential. Both produced
classical laminin and S-laminin. DUl145 laminin chain ratio
(A:Bl1:B2:S) was (1.8):(1.0):(2.5):(1.0) compared to LNCaP
cells, which was (1.0):(0):(10.0):(2.5). LNCaP cells retained
most of their laminin production and their secreted forms
were hypoglycosylated. LNCaP cells bound little laminin to
their surface. 1In contrast, tumorigenic DU145 cells secreted
most of their laminin in mature forms which bound to their
surface. These features of LNCaP cells could contribute to

their low adhesiveness and non-tumorigenic phenotype.

Cell adhesion to tha extracellular matrix is
mediated largely by integrins and is an important component
to accomplish invasion. Prostate tumor cell lines were
analyzed for their integrin content and function and related
to their tumorigenic potential. DU145 cells contained

a6,03 ,a5,av integrins. Except for o3, LNCaP cells expressed
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all integrins with a lower molecular weight. LNCaP cells
attached to ECM substrates to a lesser extent than DU145
cells. LNCaP cell deficient production of integrins and low
attachment could affect their tumorigenic potential. In
contrast DUl145 cells express normal integrins and laminin and

are tumorigenic.

The a6 integrin (laminin receptor) persists during
prostate tumor progression. To examine the role of «6 integrin
in invasion, DU145 cells were sorted to select high (DU-H)
and low (DU-L) o6 integrin expressors. DU-H cells contained
o6l and o6f4 heterodimers compared to DU-L that only contained
a low levels of a6p4. DU-H cells were three times more mobile
on laminin as compared to the low expressors. Adhesion and
migration were inhibited with anti-o6 antibody. Cells were
injected intraperitoneally into SCID mice to test their
invasive potential. DU-H showed greater invasion than DU-L,
with increased expression of o6 integrins at the invasion
areas. These data suggest that o6 integrin expression may be

advantageous for invading cells.
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IV. INTRODUCTION

A. Statement of the Problem

Prostate carcinoma is one of the most commonly
diagnosed cancers and constitutes the second leading cause of
cancer death in men (l1). A 50% increase in the incidence of
this cancer is expected over the next 15 years (2). It thus
constitutes a primary health problem. In addition latent and
aggressive forms of the disease exist. At present there is no
method to distinguish these forms. Knowledge of the
molecular mechanisms involved in prostate tumor growth and
progression will be crucial and instrumental to design new

diagnosis, prognosis and treatment tools.

Tumor progression denotes the invasion of local and
distant tissues by the tumor and it is the most devastating
characteristic of prostate cancer (3). An invading cell
needs to traverse the natural barriers and hindrances that a
normal tissue will impose in its way. This cell is required
to have the correct adhesion molecules to be able to migrate,
attach to basement membranes, arrest and be retained in the
capillaries of the target organ (Figure 1) (3). The
molecular basis of this "adhesion gear" is partly understood

and includes the cell adhesion molecules known as integrins
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FIGURE 1. The classical metastatic cascade model. A. Tumor
cells grow confined by their basement membrane (bm) as a
carcinoma in situ (1). Tumor cells displace normal cells and
adhere to the basement membrane (2). B. Cells enter the tumor
progression phase when they disrupt the basement membrane and
invade the adjacent stroma (3). The tumor grows in the stroma
and migrates through the extracellular matrix (4) until it
contacts and adheres to the a vascular or lymphatic capillary
basement membrane (5). The tumor disrupts the basement
membrane and intravasates (6). C. Tumor cells are drawn to
distant sites by the circulation. At a target organ the cells
arrest by adhering to the endothelial cells and
subendothelial basement membrane(7). The cells then disrupt
again the basement membrane and extravasate in the distant
organ (8), where they form new colonies (9)
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that are receptors for the extracellular matrix (ECM) ligands
(4, 5). The adhesion gear might include the endogenously
produced ECM ligand that, by coating the cell's surface, it
might act as an indirect bridge to other ECM molecules (6-
10). In the present work I explore the molecular basis of
prostate tumor cell adhesion in general, beginning in chapter
VI with the ability of the cells to produce, secrete and be
coated with their own laminin. The integrin profile and
function is examined in chapter VII and then the study is
focused on one particular integrin : the integrin o6 and its

role in prostate carcinoma cell invasion (chapter VIII).
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B. Background information

Prostate Carcinoma
The pathologic diagnosis of prostate carcinoma is

based on nuclear anaplasia, invasion, and architectural
disturbances (11, 12). Nuclear anaplasia with large
nucleolus is probably the most important criterion (11). The
tumor might invade the stroma, perineurial spaces, and
lymphatics. Periacinar capillary invasion is rarely seen.
Stromal invasion must precede lymphatic invasion. (11, 13).

Prostate carcinomas are usually multicentric and once
they appear they can be occult for indefinite times (13).
The scheme by which prostate tumors invade and metastasize is
not completely understood. It has been speculated that these
cancers disseminate in a cascade fashion first by
infiltrating locally, proceeding through the prostatic
capsule into the periprostatic tissues, then spreading to the
regional and juxtaregional lymph nodes and finally by
spreading through the blood stream (Figure 2) (12). Most
frequently lymph node dissemination will be followed by
skeletal metastasis and it is thought that brain metastasis
are secondary metastasis originated from bone. Lymph node and
bone are the most common sites of metastasis in prostate
cancer (12). Whether the high frequency of bone metastasis

is a consequence of some regional tissue factors (as growth
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FIGURE 2. A progression model of prostate cancer. Moderately
differentiated prostate tumors have apparently the ability to
invade and metastasize without major disruption of the
basement membrane (73, 74), suggesting that tumor advances by
constant remodeling of the basement membrane at the invasion
edges. At the EM level there is evidence of defective
formation of the basal lamina (71). Perineurial invasion is
a major route of extracapsular dissemination (124). Lymph
node metastasis is thought to take place in part through the
prostate lymphatics (12). Capsular penetration (mainly
through perineurial spaces) is correlated with lymph node
metastasis, but a direct involvement has not yet been shown
(14).
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factors, ECM , etc.) or due to hemodynamic reasons, is still
unresolved (14). There is a correlation between the
existence of lymph node metastasis and the invasion and
penetration of the prostate capsule (14). The capsular
penetration and extracapsular dissemination of prostate
cancer is largely facilitated by perineurial space invasion
which provides an easier route out of the prostate.
Perineurial (PN) invasion occurs in almost all prostate
carcinomas (13, 15) and is a common cause of surgical
positive margins and hence of incomplete removal of the tumor
(15, 16).

Several of the multistep invasion steps described
above require the tumor cell to have a suitable adhesive

phenotype to be successfully invasive.

Cell Adhesion and Significance in Tumor Progression

The ability of a cell to adhere to other cells and
to the surrounding extracellular matrix in a highly specific
manner is essential to maintain integrity and order in
multicellular organisms (17).

Adherence provides fundamental cues to the cell to
polarize, elaborate specific products, migrate to correct
destinations, or make physiological barriers and cooperative

tractions (4, 17).
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This high specificity in cell adhesion is reflected
in the multiplicity of cell adhesion molecules that a cell
normally has and the variety of extracellular matrix
molecules that the cell interacts with (18-20).

Several adhesion receptor supergene families have
been described: integrins, cadherins, selectins, CD44 related
molecules and transmembrane proteoglycans (18). Integrins
are the major group of cell adhesion receptors that mediate
attachment to the extracellular matrix and are the focus of

this thesis.

Integrin structure and function.-

Integrins are transmembrane heterodimers composed
of an o and a p subunit (4, 5, 21). These subunits are
products of separate genes and are necessary for correct
processing, surface expression and function (4). The integrin
family includes 14 o and 8 B subunits so far. Integrins have a
conserved structure (Figure 3)(4, 5): a) an extracellular
domain of ~1000-residue o and ~750-residue p subunits b) a
transmembrane segment from both subunits c) a short
cytoplasmic tail of ~50 amino acids or less, with the

exception of g4 subunit that has more than 1000 amino acids.

The ligand specificity is mainly defined by the
subunit combination though it may depend also on the cell

type and environmental factors (4). Table 1 describes the
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TABLE I. The integrin family of Adhesion Receptors

Integrin Ligands Binding sites
subunits
fl integrins
alpl Coll (1,IV), LM LM fragment El-4,
Pl
a2Bl Coll (I,V), LM, FN |DGEA in coll I
a3pl LM,Nd/En, Ep, FN, RGD(FN), LM
Coll (I) fragment E3
adpl FN, VCAM-1 EILDV in FN
a5p1 FN RGD
a6l M LM E8 fragment
a7pl IM LM E8 fragment
a8pl ?
avpl FN RGD
B2 integrins
alp2 ICAM-(1~3)
omp2 Fb, ICAM-1,C3bi
axp2 Fb, C3bi GPRP
3 integrins
aiibB3 Fb,FN,VvWF,VN RGD, RQAGDV
avp3 Fb,FN,VvWF,VN, Osp RGD
pf4 integrins
atf 4 M
other
integrins
avp5 VN RGD
avf6 FN RGD
avp8 2

Coll Collagen

LM Laminin

FN Fibronectin

Ep Epiligrin

Nd/En Nidogen/Entactin

C3bi Inactivated form of C3b component of complement
VWF Von Willebrand Factor

VN Vitronectin

ICAM Intercellular adhesion molecule

VCAM Vascular cellular adhesion molecule

22
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different ligands for the different integrin subunit
combinations.

The extracellular domain binds directly to the target
ligand in a divalent cation dependent manner through specific
recognition sequences in ligands that usually identify an
acidic residue as a key component (4, 21). In certain cases
the recognition sequence in the ligand can be identified as a
short linear peptide sequence (RGD, for example) but other
regions might contribute to the binding as well. Both
integrin o and p subunits are necessary to attain maximum
affinity ligand binding, suggesting multiple ligand contact

points (4, 5, 18, 21).

The integrin indirectly links the extracellular matrix to
the cytoskeleton. The B subunit cytoplasmic domain binds to
talin and a-actinin which in turn connect to the actin
cytoskeleton (4, 22). These associations can direct the
integrin to focal contacts. Again, g4 seems to be an exception
which apparently links the integrin to the cytokeratin
network and it is localized at hemidesmosomal structures.

The cytoplasmic tail of the o subunit does not seem to bind
directly to the cytoskeleton but there is evidence that it

can be crucial in regulating these interaction (4, 22, 23).
For example o581, the fibronectin receptor, can be directed

to focal contacts (through the § subunit) but o3p1, which also
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binds fibronectin, cannot. Other studies show that chimeric
integrin o subunits regulate different functions such as
collagen gel contraction or migration . Their presence might
either activate or inactivate the adhesive ability of the

integrin (4, 5, 18, 22, 23).

Integrins might be active constitutively or only in
certain conditions. The activation or inactivation process
can be complex. An interesting paradigm is ollbp3 which is
present in platelets and binds to fibrinogen only when the
platelet is induced with agonists (thrombin, ADP,
collagen)(23). Patients with Glanzman thrombastenia, which
has a mutation in ofIbf3 are unable to bind to fibrinogen and
activate their platelets (4, 23). Deactivation of integrins
is illustrated by the keratinocytes' o581 integrin which is
deactivated but not degraded as the cell differentiates (4,
23). Integrin deactivation has been associated with integrin

phosphorylation in some cases (4, 23).

There is evidence that integrins might convey signals to
the cell's inside. This is best illustrated in platelet
activation where occupancy of allbf3 (with fibrinogen) must
occur in o;der to produce the necessary tyrosine
phosphorylation events that result in platelet activation (4,
23). Here ligand binding is necessary but not enough to

achieve full response. Other cytoplasmic events that are
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triggered by integrins are cytoplasmic alkalinization,

protease induction, coactivation of lymphocytes (4, 23).

Laminin structure and function

Laminin is a major noncollagenous component of the
basal lamina, a complex ECM structure which underlies and
separates epithelia, endothelia, smooth muscle cells and
peripheral nerves from stromal tissue (19, 24-26). The
laminin molecule (Mr=950,000) is a glycoprotein composed of 3
subunits linked by disulfide bonds (A, Mr=400,000; B1,
Mr=205,000 and B2, Mr=200,000) (Figure 4) (26-28). The S and
M variant chains of laminin can substitute in the
heterotrimer for the Bl and A chains, respectively (29, 30).
Other isoforms of laminin have been described (Table 2)(19).
The biological function of laminin includes the promotion of
cell attachment, growth, differentiation and migration (24,
26-28). Laminin interacts with itself and other basement
membrane components to form a complex reticular network, the

basal lamina (26).

Integrin laminin receptors

Laminin binding is mediated through several
integrins , primarily o6l and a6p4 (31-34), but also o7f1, ao3fl,
o2f1, and olpl have been implicated in certain cell types (35-

38).
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FIGURE 4. Structural Model of Classical Laminin. Laminin is
formed by 3 subunits A,Bl and B2. Roman numerals designate
structural domains and Arabic numerals refer to the major
proteolytic fragments (26).
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TABLE II Laminin isoforms and subunit composition (19)

Laminin Chains Chains Localization
Variant (previous
nomenclature)

Laminin 1 alplyl Ae Ble B2e widely
(Classical) distributed
Laminin 2 a2 1yl Am Ble B2e muscle, nerves
(Merosin)

Laminin 3 alp2yl Ae Bls B2e synapse,
(S-Laminin) perineurial
Laminin 4 a2 B2 y1 Am Bls B2e placenta
(S-Merosin)

Laminin 5 a3 B3 y2 Ak Blk B2t hemidesmosomes
(Kalinin)

Laminin 6 a3 Bl yl Ak Ble B2e epithelium
(K-Laminin)

Laminin 7 a3 B2yl Ak Bls B2e epithelium

(KS-Laminin)

27
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The o6 integrin subunit comprises 1050 amino acids
synthesized as a single chain, which is cleaved into a heavy
and a light chain (39, 40). As a result of alternative
splicing, an o6-a and o6-b variants are formed, differing from

each other only in their short cytoplasmic tail (39, 41).

Integrin o6l is expressed in a wide variety of cells,
including epithelial and endothelial cells, where it usually
shows a polarized distribution to the basolateral surface(42-
44). This integrin is linked indirectly to the actin
cytoskeleton. In contrast, integrin o6p4 is localized to
hemidesmosomes in several epithelia (45, 46), being linked

to the cytokeratin network(47, 48).

Integrins in cancer

The metastatic cascade includes several steps that
underscore the importance of cell adhesion and the
extracellular matrix in facilitating the migration and
dissemination of tumor cells (3) (Figure 1). There is
evidence that certain integrins play an important role in
this process (49, 50). Some tumors such as melanoma have
been shown to increase their metastatic potential by
expressing avf3 integrins (vitronectin receptor) on their
surface (51). Down regulation of certain integrins can also
be advantageous as has been shown for CHO cells (52). These

cells decrease their tumorigenic potential upon being
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transfected with o5 integrin (fibronectin receptor) (53).
But most of the human carcinomas show integrin expression

heterogeneity even in the same tumor (49, 50).

Laminin and its receptors in tumor progression

Disruption of the basal lamina is'a crucial event that
occurs in early neoplastic invasion and is characterized by
the loss or abnormal formation of the structure (Figure 1)(7,
54). The altered basal lamina may be due to dissolution by
secretion of proteases by the invasive cells (7) or a
defective construction by either the altered production or
deposition of its main components (55). In addition, the
continued production of some of the basal lamina components
has been observed to confer an advantage to further stages of
tumor progression. For example, melénoma cells treated with
laminin resulted in an increase in the number of metastatic
foci in lung in animals following intravenous inoculation (6)
or in bone after intracardiac injection (56). A laminin
specific peptide, YIGSR, is able to inhibit murine lung
metastasis (57). Laminin secretion and its retention in the
cell's surface has been correlated with the metastatic
potential of a fibrosarcoma cell line (8, 10).

The cell's ability to bind to laminin is, as

mentioned before, dependent on laminin receptors, in most
cases of the integrin type. The role of o6 integrin laminin

receptors in tumor invasion and metastasis has been assessed.
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from different standpoints (49, 50, 58) . Experimentally,
for example, certain melanoma cells have been diminished in
their metastatic potential by inhibiting with anti-u6 integrin
antibodies, probably by decreasing the rate of retention in
the lungs (59). Neoplastic transformation of fibroblasts
(60) or chemically transformed cells (61) may be accompanied
by an up-regulation of o6 integrin. Histopathologically, the
picture is varied. Tumors such as breast and renal
carcinomas are reported to show a decrease of several types
of integrins including a6 and p4 and to show an unpolarized
pattern (62-65) . Other tumors show an increase in o6 but
usually in aknon-polar distribution: pancreatic carcinoma,
head and neck squamous cell carcinomas, seminomas, and

melanomas (66-70) .

Laminin and its integrin receptors in prostate cancer

In prostate carcinoma, the integrity of the basal lamina is
lost in focal regions (at the electron microscope level) and
has been correlated with the degree of differentiation (71,
72). On the other hand, the basement membrane seems to be
well preserved when assessed by indirect immunofluorescence
with anti-laminin antibodies (73-75). Remarkably the
basement membrane might be preserved in metastatic lesionmns,
at least in the most frequent moderately differentiated ones
(73, 74) . This would suggest that the invasion process in

prostate cancer is accompanied more by an increased
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remodeling of the basement membrane rather than by a
disruption and of the basal lamina as suggested in the
classical metastatic model (Figufes.l&Z)(54). This could
also imply that the ability to produce and deposit laminin on
the invading front and the ability to bind and migrate on
laminin could be important to accomplish the invasion.

The role of basal lamina components in prostate
tumorigenesis and invasion has been addressed by using DU145,
LNCaP and PC-3 cells as a model. These cells were obtained
originally from prostate carcinoma metastatic lesions from
brain, lymph node and bone respectively (76-79). DU145 and
PC-3 cells are tumorigenic in nude mice by themselves (76),
(79-82), either subcutaneously or orthotopically. In
contrast LNCaP cells are tumorigenic only orthotopically
(82). This underscores the importance of environmental
factors like growth factors and extracellular matrix in the
regulation of tumorigenesis. Furthermore, basal lamina
components (EHS reconstituted basement membrane: laminin,
collagen IV, heparan sulfate and other minor components (83))
when co-inoculated with PC-3 or DU145 human prostate
carcinoma cell lines can increase several orders of magnitude
the efficiency of tumorigenesis in nude mice (84). More
dramatically, the LNCaP cell line, unable to produce tumors
subcutaneously by itself, is able to form tumors when
coinjected with these components (84, 85). 1In this systen,

tumorigenesis is blocked by laminin specific peptide YIGSR,
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suggesting the participation of laminin in this process (85).
YIGSR peptide could be blocking adhesion to laminin by
competition, preventing downstream effects achieved only by
the whole molecule. In the LNCaP cell line, laminin can
increase adhesive features and migration in vitro (86).

Some of the integrin laminin receptors are
preserved in prostate cancer, but most of the integrins are
down regulated. The p4 integrin subunit is down requlated,
but o6 probably coupled to $1 (a laminin receptor) may persist
or even increase its expression in an altered unpolarized
pattern (75, 87). Integrin «6 may be increased in lymph node
metastatic lesions, suggesting that it could play a role in
this process (87). Thus, the literature suggests that both
laminin and its integrin receptor o6fl might be conserved in

prostate cancer and play a role in its dissemination.
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V. MATERIAL AND METHODS

Cell Culture.

LNCaP (77, 78), DU1l45 (76), PC=3 (79) human prostate
carcinoma cell lines and JAR human choriocarcinoma cell line
(88) were obtained from the American Type Culture Collection
(Rockville, MD). All cells were maintained in DMEM medium

with 10% fetal bovine serum at 37°C in a humidified atmosphere

Antibodies.

GoOH3 anti-o6 integrin antibody was obtained from Accurate
Chemical & Scientific (Westbury,NY). Anti g1 (P4Cl0 ),anti
a5(P1D6) anti p4 (3El) and anti o3(P1B5) integrin antibodies
from Gibco BRL (Gaithersburg,MD). Rabbit anti-mouse laminin
antibody was obtained from Collaborative Research
(Bedford,MA). Monoclonal antibody against S-laminin (C4) was

a generous gift of Dr. J.Sanes (89).

Metabolic labeling and surface biotinylation of laminin.
Based on the method described by Peters et al. (90), cells
were grown in DMEM with 10% FBS to early confluency in 100 mm
tissue culture dishes, placed in methionine deficient media
for 30 minutes, then metabolically labeled for 20 minutes

with L- [3S]methionine (1170 Ci/mmol, New England
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Nuclear,Boston, MA), 150 uCi/ml. After the pulse labeling
period, the medium was removed and the cells were incubated
for different times (chased) in non-radioactive DMEM
containing 10% FBS. Cells were then rinsed with PBS (150 mM
NaCl, 0.7 mM KH,PO;, 4.2 mM K,HPO,) and lysed as described in
the next section. Surface laminin experiments were performed
by labeling the cells as mentioned above and incubating the
cells for 20 minutes with PBS containing 2 mM EDTA and 0.05%
trypsin, then cells were resuspended, centrifuged and washed
4 times with PBS before the lysis buffer was added.
Glucosamine incorporation was accomplished by incubating the
cells with [1-14C]D-glucosamine (50 mCi/mmol, ICN, Irvine, CA)
10 uci/ml, overnight, then the medium was collected and the
cells lysed. Inhibition of glycosylation was done by
preincubating the cells overnight with tunicamycin 5 ug/ml
(DU145 or JAR) or 10 ug/ml (LNCaP), then the cells were
pulse-labeled for 1 hour with [35S]methionine and chased for 2
hours before lysis. Surface biotinylation was achieved by
using a modified method described by Isberg et al.(91). The
cells were grown to early confluency and washed with PBS.
Sulfosuccinimidyl hexanoate conjugated biotin (10 mg/ml) (NHS-
LC-Biotin, Pierce, Rockford IL) (10 ul) was added to 2 ml of
a buffer containing 50 mM Tris-HCl and 150 mM NaCl and was
incubated with the cells for 1 hour. The cells were lysed,
incubated withﬁantibody, immunoprecipitated, and the proteins

separated and transferred to nitrocellulose. The resulting
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peptides were visualized with peroxidase conjugated
streptavidin and chemiluminescence (ECL Western Blotting

Detection System, Amersham, Arlington Heights, IL).

Laminin Immunoprecipitation.

One X 107 cells were lysed in situ as described (90).
The lysis buffer consisted of PBS containing 1% Triton X-100,
0.5% deoxycholate, 0.1% SDS, 20 mM EDTA and the antiproteases
(2 mM PMSF, 10 mM N-ethylmaleimide, 1 ug/ml aprotinin, 1
pg/ml leupeptin). The lysate was briefly sonicated and
centrifuged to remove insoluble material. The analyzed
medium was centrifuged to remove the cells and 0.25 volumes
of lysis buffer 5X was added. Antibody (5 ug/ml) was added
to the cell lysates and media samples and incubated overnight
at 4°C. Protein A Sepharose (Pharmacia, Uppsala, Sweden) was
used as an immunosorbent, washed several times with the lysis
buffer and the immunoprecipitated material was applied to a

polyacrylamide gel for analysis.

Gel electrophoresis and immunoblot analyses.
Immunoprecipitated material was separated by electrophoresis
in 3-10% gradient slab SDS-polyacrylamide gels with a 3%
stacking gel (92), at constant current (20 milliamps) for 3
hours. The gel was impregnated with EN3HANCE (New England
Nuclear), dried, and autoradiographed. Autoradiograms were

quantified by linear scanning densitometry (Model 620 Video
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Densitometer, Bio Rad, Richmond CA). For Western analysis,
immunoprecipitated laminin was fractionated in 5% SDS-PAGE
and transferred to nitrocellulose as described (31). The
transferred material was tested for reactivity with specific
antibodies and visualized by chemiluminescence (ECL,

Amersham, Arlington Heights, IL).

Glycosidase digestions.

Immunoprecipitated and metabolically labeled laminin was
obtained from 4 hour chased cells or 8 hours chase medium.
The resulting laminin was digested overnight as described
(90) with 10 mU of Endo;H (Sigma Chemical Co., St.Louis, MO)

or 25 mU of sialidase (Sigma) respectively.
Indirect immunofluorescence microscopy.

a) Laminin.- Cells were grown to early confluency in tissue
culture dishes, fixed in cold methanol for 5 minutes, rinsed
briefly with PBS, and incubated with a mouse monoclonal
laminin antibody for 30 minutes, then rinsed with PBS and
incubated with a secondary FITC conjugated goat anti-mouse
antibody for 30 minutes. Cells were rinsed again with PBS

and a coverslip was placed on the cells using gelvatol.

b)Integrins.- Cells were grown in coverslips , washed with

PBS , incubated with anti a6 antibody (1:100) for 30 min. at
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49Cc, washed and then incubated with FITC conjugated anti-rat
antibody for 30 min. at 4°C, then fixed with 4%
formaldehyde, mounted with Elvanol. Preparations were

analyzed by confocal fluorescence microscopy.

Fluorescence activated cell sorting (FACS) .

DU145 cells in suspension were incubated with GoH3 anti o6
antibody (1:100) for 30 min. at 4°C, washed several times with
medium, then incubated with FITC conjugated anti-rat antibody
for 30 minutes at 49C, and washed several times. Cells were
selected for their higher or the lower a6 expression by
collecting the cells from the 2% "tails" as determined by
FACS . Sorted cells were expanded in vitro and resorted 7

times following the same procedure.
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Biotinylation and immunoprecipitation of cell surface
integrins

Modified from previous protocols (91, 93), cells were
grown to early confluency in 100 mm tissue culture dishes and
washed with HEPES buffer (20 mM HEPES, 130 mM NaCl, 5 mM KCl
0.8 mM MgClz, 1.0 mM CaCl,; pH 7.45). The cells were then
incubated with 2 ml of HEPES buffer supplemented with
Sulfosuccinimidyl hexanoate conjugated biotin (500 pg/ml)
(NHS-LC-Biotin, Pierce,Rockford IL) to label cell surface
proteins for 30 minutes at 4°C. Cells were washed three
times and lysed in lysis buffer ( PBS containing 1% NP-40 ,
10 mM EDTA and antiproteases: PMSF 2mM, leupeptin and
aprotinin 1 pg/ml). The extract was briefly sonicated and
centrifuged to remove insoluble material, then precleared
with protein G-Sepharose (Pharmacia, Uppsala, Sweden) .
Anti-integrin antibodies were added and incubated overnight
at 4°C. The integrin/antibody complexes were
immunoprecipitated with protein G-Sepharose, washed with
lysis buffer 3 times and eluted by boiling in sample buffer
for 5 minutes. Proteins were separated in 7.5 % SDS-PAGE,
electrotransferred to nitrocellulose, incubated with
peroxidase-conjugated streptavidin and visualized by
chemiluminescence (ECL Western Blotting Detection System,

Amersham, Arlington Heights,IL).
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Adhesion assays.

ELISA Multiwell plates(96) were coated with 10 ug or 5
ug of EHS laminin or fibronectin (Collaborative Research
,Bedford,MA) respectively. Cells (3X104¢) were overlaid on
coated wells and incubated with or without antibody for 1
hour at 37°9C. Unattached cells were removed by washing 3
times with HEPES buffer . Cells were fixed with 4%
formaldehyde and dried. Attached cells were stained with 1%
crystal violet solution , washed, and the retained dye eluted
with Sorensen solution (9 mg of trisodium citrate in 305 ml
H20,_195 ml of 0.1 N HC1 ,and 500 ml of ethanol). Absorbance

at 540 nm was determined with an ELISA reader .

Random cell migration assays.

Non-tissue culture Petri dishes were coated with Laminin
(Collaborative Research ,Bedford,MA) at different
concentrations (0-20 ug/cmz) for 2 hours and then blocked
with 1% denatured albumin for 2 hours. Cells were added and
allowed to attach overnight. The Petri dish was sealed and
transferred to a heated stage microscope adapted for video
microscopy. Random cell migration was determined by
measuring displacement of cell centroids as a function of

time. Seventy to 100 cells were analyzed for each condition.
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Tumor growth in SCID mice.

Male SCID micé 5-6 weeks old were inoculated
intraperitoneally with 5-20 million cells resuspended in PBS.
Necropsy was done 31 days later. The diaphragm was dissected
out, weighed and standardly processed for H and E staining
and indirect immunofluorescence. - Several transverse sections
were examined for breaching of mesothelial basement membrane

and depth of diaphragm invasion.

Transfections.

a6 integrin cDNA was obtained from Dr. A.M. Mercurio
(Deaconess Hospital, Boston, MA). This c¢DNA had been inserted
in a prCMvneo plasmid vector (invVitrogen) which provides a
CMV promoter for o6 integrin and neo gene for G418 selection.
An a6 integrin cDNA construct that had been truncated in the
cytoplasmic tail was also used. DU-L cells or DU-L clones
were transfected with 2 ug of cDNA-vector and 20 ul of
lipofectin reagent (Gibco). Selection was achieved with
growth media supplemented with 400 ug/ml of G418 (geneticin,
GIBCO). Pooled clones were selected for high expression of o6

integrin by FACS as described above.
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VI. LAMININ BIOSYNTHESIS AND SURFACE EXPRESSION BY PROSTATE

CARCINOMA CELLS

A.Introduction and aims

Studies in osteosarcoma and melanoma show that cells
with increased laminin at their surface, either endogenously
produced or exogenously provided , are more tumorigenic and
metastatic (8, 9). Exogenous laminin has been shown to
increase or re-establish tumorigenicity of prostate carcinoma
cells (84, 85).

A prediction from these studies is that non tumorigenic
prostate carcinoma cells should produce less endogenous
laminin than tumorigenic cells, or alternatively that the non
tumorigenic cells should produce a functionally defective
laminin. To address the problem whether the endogenous
production of laminin by prostate carcinoma cells is related
to their tumorigenic and invasive pofential, a comprehensive
study on the biosynthesis of laminin by these cells was done

(94).

Aim 1: Compare the expression and distribution of
laminin in tumorigenic (DU145) and non-tumorigenic (LNCaP)

prostate carcinoma cell lines.
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Aim 2: Compare the kinetics of laminin biosynthesis of
these prostatekcarcinoma cell lines .

Aim 3: Analyze the biochemical nature and the
glycosylation characteristics of the produced laminin

Aim 4: Compare the surface laminin binding capacity of

the prostate carcinoma cell lines.

B. RESULTS
Distribution of Laminin in human prostate tumor cell lines.
The presence and distribution of laminin was
significantly different in DU145 and LNCaP cells as detected
by indirect immunofluorescence microscopy. The DU145 cells
showed intracellular staining and punctuated extracellular
immunoreactivity on the cell surface (Figure 5A). 1In
contrast JAR human choriocarcinoma cells produced and
secreted large deposits of laminin (Figure 5C) and (90). The
LNCaP cells showed a strong intracellular immunostaining but
with scarcely perceptible laminin on the cell surface or
adhered to the dish (Figure 5B). These results suggested
that the LNCaP cells retain laminin intracellularly in
contrast to the DU145 and JAR cell lines that secrete and

deposit laminin extracellularly.
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FIGURE 5. Indirect immunofluorescence analysis of laminin in
DUl145 and LNCaP prostate adenocarcinoma cell lines. The
DU145 (A), LNCaP (B) and JAR (C) cells were seeded onto
uncoated tissue culture plates for 72 hours and stained with
anti-laminin primary antibody and FITC goat anti-rabbit
secondary antibody. While DU145 and JAR showed external
laminin deposits (arrow), LNCaP showed predominantly
cytoplasmic immunoreactivity. The JAR choriocarcinoma cell
line was used for comparison since it produces and secretes
known laminin chains (see text). (Bar=25 um)
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DU145 human prostate tumor cells produce and secrete laminin
and S-laminin.

The synthesis of laminin in human prostate carcinoma
cells was analyzed by metabolically labeling with [35S]-
methionine for 20 minutes ("pulse") and monitoring in the
absence of the label ("chase"). The labeled laminin was
recovered by immunoprecipitation from either the cell or the
medium for different periods of chase time (0 to 8 hours).
The laminin was analyzed using SDS-polyacrylamide gel
electrophoresis using reducing and non-reducing conditions
(Figure 6A and 6B). The DU145 cells produce the A chains
(its precursor, pA, and mature forms, Al and A2) and the Bl
and B2 chains (precursors pBl, pB2, and mature forms, Bl, B2)
(Figure 6A) These chains had similar electrophoretic
mobilities to the well characterized laminin chains of the
JAR cell line (lanes J) (90). The mobility differences
between precursors and mature forms is due to the level of
glycosylation (90). An additional band was detected at 190
kd, consistent with a previously described S-chain found in
the synaptic cleft of the neuro-muscular junction (29). The
identity of this protein was further analyzed by western
blotting using an anti-S monoclonal antibody. The results of
this analysis (Figure 7, lane DU) confirmed that the peptide
at 190 kd was the S chain. The S chain was also found in

another prostate tumor cell line known as PC-3 (Figure 7,
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FIGURE 6. Pulse-chase labeling of DU145 and LNCaP laminin
and Western analysis. The DU145 and LNCaP cells were pulsed
with [35S]}-methionine for 20 minutes and incubated (chased) in
nonradioactive medium for the indicated times from 0 to 8
hours. For comparison, JAR cells were also pulsed and chased
for 2 hours (lanes J). Laminin was immunoprecipitated from
the cell lysates and media, half of each sample was analyzed
under reducing (panel A) or non-reducing (panel B) conditions
separated by SDS-PAGE using a 3-10% gradient gel and
visualized by fluorography. Laminin forms are: pA, pBl, pB2
= precursors of the respective subunits; p(B1/B2), dimer of
Bl and B2 precursors; Al,Bl,B2, mature forms of the
respective subunits; A2, proteolytic form of A chain ; LM,
assembled laminin. Symbols: small arrowheads, mature Bl or
B2 forms; large arrowhead, mature Al; small arrow,
proteolytic form A2. The relative molecular weights are
Al=400kd B1=205kd, B2=200kd, p(Bl/B2)= 400kd.
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lane PC). JAR cells were negative for S-laminin (data not
shown) .

The most abundant species in the DU145 cells was B2
(ratio A:B1:B2:190 kd = (1.8):(1):(2.5):(1) ). This is in
contrast to the documented JAR line which contains a ratio
A:Bl1:B2 = (1): (1):(1), (90). The mature Al chain was
present at time 0 and the appearance of the A2 chain was
clearly seen at 2 hours. The A2 chain is considered a
partial cleavage of Al and is closely associated with
secretion time (90). The Bl and B2 chains of laminin in
DU145 cells also gave rise to mature forms at 2 hours.

Analysis of the labeled laminin appearing in the media
from DU145 cells revealed that the mature forms of A chain
(Al and A2) and both Bl and B2 were secreted (Figure 6A,
media). The Bl and B2 chains were secreted as mature forms
in a similar ratio to the A chain (A:B1:B2 = (1):(1):(1.3)).
The apparent precursor-product kinetics were slightly faster
than reported for the JAR cell line (90). The S subunit was
also secreted as observed at 8 hours of chase.

The observed synthesized and secreted subunits were
analyzed to determine if these subunits were assembled into
complexes using electrophoresis under non-reducing conditions
(Figure 6B). A 950 kd complex and a 400 kd complex,
corresponding to a laminin heterotrimer (LM) and a Bl/B2
precursor dimer (pBl/pB2) respectively (90) was observed

during all chase periods (Figure 6B). Both complexes were

akremen v it s ae B e
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found in the media accompanied by unassembled B chains; in
contrast to the JAR cell line which only secretes the 950 kd

complex (90).

LNCaP cells produce and secrete only immature chains of a S-
laminin variant.

The LNCaP cell line produced no mature forms of the A or
B2 chains, although the precursors were present. Only traces
of the Bl forms were observed in the cell fraction but not in
the media (Figure 6A). An abundant form of laminin was
observed migrating with an apparent Mr of 190 kD which was
shown to be S-subunit by immunoblot analysis (Figure 7 lane
LN). Similar to the DU145 cells, the most abundant form in
LNCaP cells was B2(ratio A:Bl1:B2:190kD =
(1.0):(0):(10.0):(2.5)). The secreted laminin in LNCaP cells
contained only precursor forms of the laminin A and B chains
as well as S chain (Figure 6A, media). The assembled laminin
of LNCaP, as analyzed using non-reducing conditions (Figure
6B), contained laminin complex at 900 kd (LM) and a S/B2
precursor dimer at 350 kD (pBl/pB2). The presence of the
S/B2 dimer at a slightly lower pBl/pB2 position was confirmed
by analyzing the complex by two dimension electrophoresis
using reducing conditions in the second dimension (data not
shown). Only the 900 kD complex was secreted to media

(Figure 6B, media).
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LNCaP cells retain and degrade laminin.

The rate of secretion, degradation and assembly was
evaluated in DU145 and LNCaP human prostate carcinoma cell
lines (Figure 8, panels A-C) by densitometric analysis.
Approximately 19% of the total labeled laminin was secreted
from LNCaP cells at 8 hours as compared to 54% of the total
labeled laminin secreted from the DU145 cells (Figure 8Aa).
These data indicate that the secretion of labeled laminin was
reduced in LNCaP cells. The DU145 cells showed little
change of the relative amount of labeled laminin during the
first 8 hours, indicating little degradation, while LNCaP
showed disappearance of approximately 50% of its laminin at 8
hours, indicating significant degradation had occurred
(Figure 8B).

The assembly of the 950 kD laminin complex in DU145
cells reached its maximum at 1 hour while the complex in the
LNCaP cells reached its maximum at 4 hours (Figure 6B). The
rate of the apparent assembly of the most abundant precursor,
B2, was analyzed by observing the disappearance of the
relative amount of unassembled precursor (pB2) in the non-
reducing gels (Figure 8C). Comparing the cell lines, the
apparent half life of pB2 was 1.5 hours in DU145 cells and 7
hours in LNCaP cells. These data suggest a longer
intracellular retention of pB2 in LNCaP cells as compared to

the DU-145 cells.



53

FIGURE 8. Analysis of laminin secretion, degradation and
assembly by DU145 and LNCaP cells. The gel patterns obtained
in figure 6 were analyzed quantitatively by densitometry to
determine the level of laminin secretion by the DU145 and
LNCaP cells (Panel A). The percentage of total laminin
secreted is estimated by the amount of labeled laminin found
in the media / total amount of labeled laminin within one
hour x 100. The degradation of laminin (Panel B) is
estimated by determining the total amount of the labeled
laminin forms / amount of labeled laminin within one hour x
100. The assembly of laminin (panel C) is estimated by
determining the amount of labeled laminin B2 chain precursor
(pB2)/the total amount of pB2 labeled at one hour x 100.
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The LNCaP cells secrete an abnormally glycosylated
laminin.

The lack of the mature forms of laminin in LNCaP cells
prompted us to explore the nature of the laminin carbohydrate
fraction. Laminin is highly glycosylated (15% of total
weight) with complex n-linked oligosaccharides, consisting of
oligolactosamine.residues and sialic acid residues (95),(96).
The first step in glycosylation is the synthesis of N-acetyl
glucosaminyl pyrophosphoryl dolichol which can be inhibited
by tunicamycin; if the apparent molecular weight of laminin
is decreased with tunicamycin treatment, this indicates that
the first steps of the dolichol pathway had occurred. The
results shown in Figure 9 show a decrease in the apparent
molecular weight of the laminin forms of both DU145 and LNCaP
cells indicating that the first steps of glycosylation are
accomplished in both cell lines.

The immature forms of laminin consist of a higher ratio
of high mannose residues which are added early in the
endoplasmic reticulum and are endo H sensitive. In contrast
mature forms of laminin have complex oligosaccharides added
in the Golgi apparatus, which are endo H resistant and are
located extracellularly (90),(97). Next, the sensitivity of
LNCaP and DU145 radiolabeled laminin to endo-H digestion was

determined. The cells were metabolically pulse-labeled and
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incubated for 4 hours in non-radioactive media, a time at
which JAR cells are known to have 50% of endo-H resistant
forms (90). Laminin obtained from DU1l45 cells showed
resistant forms (not shown) while LNCaP cells showed no
endo-H resistant forms in the A and B2 precursors (Figure 9).
In contrast, the immature laminin obtained from LNCaP media
was endo-H resistant (Figure 9), indicating that laminin
which was secreted was processed at least partially in the
Golgi and that the absence of endo-H resistant forms in the
cells was due to an inability to retain the laminin on the
surface.

The level of late glycosylation in laminin was
determined first by detecting the amount of [l4C]acetyl-
glucosamine incorporation into the laminin produced by the
cells. Figure 10A shows that the incorporation of
[4C]acetyl-glucosamine was observed only in the DU145 and JAR
cells; no labeling of laminin was detected in the LNCaP cells
either in the cell lysate or medium. Secondly, the level of
late glycosylation of laminin was determined by testing the
sensitivity of the electrophoretic mobility of laminin upon
removal of sialic acid residues by sialidase digestion.
Sialidase cleaves the terminal sialic acid groups found in
complex N-linked oligosaccharides but are absent from high
mannose oligosaccharides. The results in Figure 10B

indicated that a mobility shift can be detected in laminin
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Figure 10. The acetyl glucosamine and sialic acid content of
laminin synthesized by human prostate cell lines. The DU145
(DU), LNCaP (LN) and JAR (J) cells were incubated overnight
in media containing [14C] N-acetylglucosamine. Panel A shows
the labeled laminin present within the media (M) or within
the cells (C) recovered by immunoprecipitation using a
polyclonal anti- laminin antibody. The resulting peptides
were separated using SDS-PAGE on 3-10% gradient gels and the
labeled peptides were visualized by fluorography. Panel B
shows the secreted laminin which was labeled as described in
Figure 6, except that it was chased for 8 hours,
immunoprecipitated and digested with 25 mU sialidase (+) or
was untreated (-).
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subunits of JAR cells (as reported previously (90)) and in
the DU145 cell line. The laminin isolated from the LNCaP
cells was not sensitive to sialidase treatment, indicating a

hypo-sialylated laminin.

LNCaP cells show little cell surface and substratum attached
laminin.

A significant portion of the secreted laminin remains
attached to the cell membrane or substratum (90) and has been
correlated in some cells with its metastatic potential
(10),(8). The immunoprecipitated laminin obtained from the
cell lysates included the surface and substratum attached
material. The amount of cell surface laminin was determined
by its susceptibility to degradation by trypsin. The cells
were exposed to trypsin before the lysis and
immunoprecipitation of the laminin. Figure 11A shows that
secreted but extracellularly retained laminin (trypsin
sensitive), forms a significant part of the cell lysate
laminin in the JAR (59%) and in the DU145 (54%) cells. 1In
the DU145 cells, the surface bound laminin (54%) and the
secreted laminin (Figure 8B) accounts for approximately 80%
of labeled laminin after 8 hours of chase and in the JAR
cells for approximately 70% (20% secreted to medium, as
described in (90), and the rest is surface retained). 1In

contrast, the LNCaP cells contained approximately 2% of
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FIGURE 11. The relative amount and composition of the
surface attached laminin in DU145 and LNCaP prostate
carcinoma cell lines. Panel A: DU1l45, LNCaP and JAR cells
were each grown in two 100 mm dishes and pulse-labeled as
described in figure 6 and chased into non-radioactive media
for 8 hours. The cells were trypsinized (dotted bars) or not
(slashed bars) and then lysed, immunoprecipitated with anti-
laminin antibody, eluted in non-reducing sample buffer,
separated in SDS PAGE 3-10% gradient gels, fluorographed and
quantified by optical densitometry. Panel B: DU145(DU),
LNCaP(LN) and JAR(J) cells were grown on 100 mm dishes,
surface labeled with activated biotin for 1 hour, washed
several times, lysed, immunoprecipitated with anti-laminin
antibody and separated in SDS PAGE 5% gradient gels,
electrotransferred to nitrocellulose and visualized with
peroxidase conjugated streptavidin by chemiluminescence.
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surface bound laminin. Taken together with the results of
Figure 8, this estimated that only about 20% of the
metabolically labeled laminin was externalized at 8 hours.
The type of laminin chains bound to the cell surface
was evaluated by labeling the surface protein with biotin and
analyzing the labeled laminin by gel electrophoresis under
reducing conditions. The results shown in Figure 11B
correlated with the trypsin experiments (Figure 113) since
the relative abundance of the surface laminin present in
these cells was JAR > DU145 >> LNCaP and confirmed that all
the secreted chains, including the S chain, were able to bind

onto the cell surface after secretion.
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C. Discussion

I have studied the ability of human prostate carcinoma
cells to produce and secrete laminin, a major component of
the basal lamina, that has been shown to increase the
invasive ability of diverse tumor cells (8, 10).

Both the DU145 and the LNCaP human prostate carcinoma
cell lines were able to produce and secrete laminin in vitro.
The type of laminin secreted by these cell lines was
different from the major subunits of laminin. Although DU145
secretes the A,Bl and B2 chains, it also produces and
assembles S-laminin. The LNCaP cells produced mainly S
chains coupled to A and B2 with little Bl production. S-
laminin has been described as a tissue specific molecule,
occurring as a heterotrimer of A/S/B2 or M/S/B2, specifically
located in synaptic-cleft neuro-muscular junction, glomerular
kidney membrane and the perineurium (29, 89, 98-100).
Recently the presence of S-laminin was described in skin
cancer lesions but absent in the normal skin (101). It is
found here that three human prostate tumor cell lines of
epithelial origin, DU145, LNCaP and PC-3, produce S-laminin,
suggesting that this may be an important phenotypic feature
of prostate cancer cells. Taking into consideration that the
cell lines studied here were derived from metastatic lesions,
S-laminin production could be an important feature in the

metastatic process.
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It is interesting that the invasion of prostate
adenocarcinomas to the prostate capsule, a stage of clinical
relevance, has been shown to take place mostly through the
perineurial space (13, 15), which is rich in S-laminin. The
current working hypothesis is that the production S-laminin
may provide the tumor cells with some advantage to invade
this structure, analogous to the advantage that other
epithelial cancer cells have with cell surface bound laminin
to invade basal lamina (9).

The DU145 cells produce laminin and S-laminin in
moderate quantities, being able to secrete and assemble
laminin. The LNCaP cells produce and secrete mainly S-
laminin, but most of its production is retained and degraded
intracellularly with little extracellular aggregation. The
LNCaP cells retain mostly assembled or unassembled B2 chains
which are endo H sensitive, which could be due to a low
production of the A chain. Previous studies have suggested
that the rate limiting unit in laminin assembly is the
availability of the laminin A chain (90). In this respect,
the lack of oligomerization has been found to be a cause of
retention in many proteins in the rough endoplasmic reticulum
(102, 103) which ends generally in the degradation of the
subunits, and would explain this finding in LNCaP. The
possibility of the incorrect folding of LNCaP's laminin could
also be considered as a delaying factor since laminin

glycosylation was altered in this cell line, and
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glycosylation influences protein folding in other proteins
(103). In this regard, the inhibition of glycosylation by
tunicamycin has been shown to inhibit laminin secretion in
vitro (104).

Laminin is a heavily glycosylated molecule (13-15%)
(95, 96) and this carbohydrate fraction seems to play an
important role in several functions, such as cell spreading,
migration and neurite outgrowth (105-108). The first steps
of laminin glycosylation are accomplished in both DU-145 and
LNCaP cells as suggested by the shift in electrophoretic
mobilities of the laminin subunits upon digestion with endo-H
and by the inhibition of glycosylation with tunicamycin.
However, the LNCaP cells were defective in the late
glycosylation of laminin chains as compared to the DU145
cells, as suggested by pulse chase experiments (Figure 6),
the lack of radioactive n-acetyl glucosamine labeling (Figure
10A), and by the lack of sialidase sensitive forms in the
secreted laminin (Figure 10B). These three features occur in
DU145 cells and JAR cells (90).

The hypoglycosylated laminin produced by the LNCaP
cells could possibly have an adverse effect on the cell
spreading which may account for the ease by which these cells
detach from the tissue culture dish and its pleomorphic
morphology (data not shown). The fact that cell spreading in
LNCaP has been increased with normal laminin (86) and that

LNCaP tumorigenesis has been restored with basal lamina
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components enriched in laminin (84, 85), argue for the
inability of the LNCaP self-produced laminin to sustain these
functions. In addition, the secretion of S-laminin by LNCaP
cells may also be a factor.

Little supramolecular assembly is taking place in the
LNCaP cell cultures, which could be due to the defective
nature of its laminin, the absence of other molecules that
help aggregation or the lack of appropriate receptors. The
receptor or receptors for laminin containing the S chain have
not thus far been defined. It is possible that LNCaP cells
could lack this receptor. The LNCaP cells do contain known
integrins which bind common laminin, i.e. a6pl and «a684 but
are lacking the o3pl integrin (see chapter VII). Little S-
laminin was present on the cell's surface as suggested by its
small surface-labeled laminin fraction (Figure 11B) which may
suggest inadequate receptors. Alternatively, cell surface
aggregation is concentration dependent (109) and modulated by
certain membrane properties like sulfatide content (110) or
proteoglycans (111), factors which should also be considered
in this respect. In contrast, the DU145 cells contain a
considerable amount of surface bound laminin and'S-laminin
which probably contributes to their ability to form tumors in

mice without exogenously added basal lamina components.
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VII. ADEHSIVE CHARACTERISTICS OF HUMAN PROSTATE CARCINOMA

CELL LINES OF DIFFERENT TUMORIGENIC POTENTIAL.

A.Introduction and aims

Integrins mediate cell adhesion to the extracellular
matrix , an activity that is necessary for a cell to migrate
and invade tissues. Non tumorigenic LNCaP human prostate
carcinoma cells spread little on tissue culture and are
easily detached in contrast to tumorigenic prostate carcinoma
cell lines such as PC-3 and DUl45. It is predicted that these
adhesive features should be reflected in the cell integrin
profile and function. In this section I analyzed the adhesive
characteristics of these prostate carcinoma cell lines in

relation to their tumorigenic potential.

Aim 1: Analyze the integrin content of DU145 and LNCaP
cell lines

Aim 2: Determine the adhesive ability of these cell
lines to laminin and other extracellular matrix molecules

Aim 3: Determine the integrin dependence of cell
adhesion to these extracellular matrix proteins with

inhibitory antibodies.
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B. RESULTS
Attachment ability of prostate tumor cell lines.

DU145 and LNCaP cells were examined for their ability
to bind laminin, fibronectin and vitronectin matrices (Figure
12). It was found that DU145 cells were able to bind the
three substrates. o5 and a6 integrin were shown to participate
in the DU145 cell adhesion to fibronectin and laminin
respectively as suggested by specific inhibition of cell
adhesion with specific antibodies (figure 12). In contrast
LNCaP cells showed lesser ability to attach to fibronectin
and laminin with a remarkable inability to bind vitronectin.
LNCaP cell adhesion to fibronectin and laminin was also
mediated by integrins o5 and a6 respectively as shown with the
inhibitory action of their respective anti-integrin

antibodies.

Integrin subunit profile of human prostate carcinoma cell
lines

Integrin subunit profiles were determined by
immunoprecipitation of surface-biotinylated integrin with
specific antibodies (Figure 13). DU145 cell showed the
presence of o5f1, o3pl, a6pl, a6B4 and avpl integrins in
significant amounts. In contrast, non tumorigenic LNCaP cells
showed no o3pl. Other LNCaP a subunits (a6,av,a5) had a

molecular weight slightly below those of DU145 which suggests
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FIGURE 12. Analysis of prostate tumor cell attachment to ECM
components. DU145 (D) and LNCaP (L) cells were tested for
their ability to bind tissue culture plastic (plastic),
fibronectin (FN), laminin (LAM) or vitronectin (VN).
Inhibition of attachment was tested by incubating the cells
with anti o5g1 (P1D6) or anti a6 (GoH3) antibodies prior to
testing attachment.
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FIGURE 13. Immunoprecipitation of surface biotinylated
integrin subunits. DU145 (D) and LNCaP (L) cells were surface
labeled with biotin and immunoprecipitated with anti-integrin

specific antibodies. Proteins were separated by PAGE, blotted
and visualized by chemiluminescence.
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a general problem of late glycosylation in LNCaP (laminin was

also found to be underglycosylated. See chapter VI)

C.Discussion

Human carcinoma cells usually require attachment to a
substratum to be able to grow or move. Total independence is
not necessary as long as the tumor cell can be provided by
the invaded tissues with suitable substrata and factors that
will allow growth. A correct set of adhesion molecules might
be necessary for a cell that needs attachment in order to
grow. Non tumorigenic LNCaP cells have apparently adhesive
deficiencies compared to other tumorigenic prostate carcinoma
cells. They attach to a lesser extent to fibronectin and
laminin and not at all to vitronectin. LNCaP cells also seem
to have an integrin set that lacks a3l and is probably
underglycosylated as judged by the lower molecular weight of
its o subunits and the extensive glycosylation study done for
laminin (chapter VI), which is also underglycosylated.
Glycosylation has been found to be important in certain
integrins (112, 113). These results suggest that LNCaP cell
adhesion receptors are not completely functional and could
explain why LNCaP cells bind poorly in vitro and can be grown
in mice only if they are provided with an excess of basal
lamina components. In contrast tumorigenic cell line DU145
shows high adhesive ability to all tested substrates and

normal integrin profiles. Taking into consideration that
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LNCaP cells were obtained from a metastatic lesion in a lymph
node, and assuming that they resemble to some extent the
original lesion, one could speculate that lymph nodes might
provide an environment that allows adhesively deficient cells
to grow. If this is the case it will be important to identify
these factors. The final picture would be analogous to a
Darwinian model of evolution where a perfect fit is not
required; only a minimum of requirements for the successful
phenotype is needed. A successful malignant cell may need to
be barely so, but coupled with the normal environment which

will complement its growth.
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VIII. INFLUENCE OF INTEGRIN o6 ON THE MIGRATORY AND INVASIVE

PHENOTYPE OF PROSTATE CARCINOMA CELLS

A. Introduction and aims

a6 integrin is preserved during prostate carcinoma
progression and increased in lymph node metastasis suggesting
a role in these processes (75, 87). In this section, the
prediction that a cell with a lower expression of this
integrin should show decreased ability to invade laminin rich
structures is tested . Low a6 expression would also be
expected to have a negative effect on features that are
necessary for invasion such as adhesion and migration on

laminin.

Aim 1: Produce prostate carcinoma cell variants
expressing high and low quantities of surface o6 integrin by
FACS sorting

Aim 2: Characterize biochemically the high and low a6
integrin cell sublines . Determine the distribution of this
integrin by immunofluorescence analysis

Aim 3: Detect differences in adhesion to laminin and
other extracellular matrix molecules between the cell
sublines.

Aim 4: Determine the specificity by which the sublines

bind to laminin by inhibitory adhesion assays.
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Aim 5: Detect differences in the migration ability of
high and low a6 integrin expressors on laminin. Define the
dependence of this migration on o6 integrin receptors.

Aim 6: Compare the ability of the o6 integrin variants to
invade SCID mice diaphragms in vivo.

Aim 7: Determine the distribution of a6 integrin of
tumors grown in vivo by immunofluorescent analysis.

Aim 8: Transfect o6 integrin cDNA into FACS-selected low
o6 integrin expressors and asses the effect on cell adhesion,

migration and invasion.

B. RESULTS
Selection of stable subpopulations of DU145 cells expressing
high and low amounts of o6 integrin.

Cell subpopulations of DU145 human prostate carcinoma
cells containing high and low amounts of a6 integrin were
selected by repeated sorting in a FACS system. After 7
sortings, the high a6 integrin expressors (DU-H) showed an
approximate four fold increase in surface expression of o6 as
compared to the low a6 integrin expressors (DU-L)(Figure
l4.a). Two months later, the cell population maintained the
selected phenotype indicating that a stable difference in
integrin expression was obtained (Figure 14.b). The
distribution of o6 integrin in DU-H cells was both focal and
intercellular while in DU-L cells was mostly negative (Figure

15).
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FIGURE 14. Selection of HIGH (DU-H) and LOW (DU -La6)
expressors of a6 integrin and FACS analysis. Cells were
selected for their higher or the lower o6 expression by
collecting the cells from the 2% "tails" as determined by
FACS (Fluorescence Activated Cell Sorting). Sorted cells
were expanded in vitro and resorted 7 times following the
same procedure a) Fluorescent cell distribution after 7
rounds of sorting. b) 2 months after the last sort.
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FIGURE 15. Distribution of o6 integrin by indirect
immunofluorescence microscopy. Cells were grown in
coverslips, washed with PBS , incubated with anti o6 antibody
for 30 min. at 4°©C, washed and then incubated with FITC
conjugated anti-rat antibody for 30 min. at 4°C, then fixed
with 4% formaldehyde, mounted with Elvanol. Preparations were
analyzed by confocal fluorescence microscopy. A. DU-H B.DU-
L.
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The DU-H cells express both o681 and a6f4 integrins and the DU-
L cells only express otfi4.

The integrin compolsition of the high and low a6 integrin
expressors was determined by immunoprecipitation of surface
biotinylated integrins and analysis by gel electrophoresis.
The JAR choriocarcinoma cell line was used as a positive
control (Figure 16, lane 1). The DU-H cells showed higher
amounts of a6 than the DU-L cells consistent with FACS
analysis. (Figure 16 lanes 2,3). The composition of the
heterodimer was different between the cell lines. The high
expressors contained both g1 and p4 integrin chains coupled to
o6; in contrast, the DU-L cells contained only the g4 chain
coupled to a6 chain. A five fold increase in the amount of
immunoprecipitated a6 integrin from the DU-L cells still
contained no g1 .(data not shown). Immunoprecipitation of the

B4 integrin was consistent with the a6 immunoprecipitations.

Both cell sublines express similar amounts of o3, o5 and fi.
Other integrins were immunoprecipitated to determine if the
selection was specific for the o6 integrin. Figure 16
indicates that the o3, o5 and p1 integrin content was similar
in both cell sublines, confirming that the selection for

overexpression was restricted to the o6 integrin.
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FIGURE 16. Biotinylation and immunoprecipitation of cell
surface integrins of DU-H and DU-L . Integrins were
immunoprecipitated from surface biotinylated cells as
described in methods.. Proteins were separated in 7.5 % SDS-
PAGE, electrotransferred to nitrocellulose, incubated with
peroxidase-conjugated streptavidin and visualized by
chemiluminescence.

A) o6 integrin : GoH3 antibody lane 1- JAR cells (used as a
positive control); lane 2- DU-H; lane 3- DU-L. _

B) p4 integrin : 3El antibody lane 4 JAR cells (used as a
positive control); lane 5 DU-H; lane 6 DU-L.

C) oS integrin P1D6 antibody lane 7 DU-H; lane 8 DU-L.
D) 1 integrin P4C1l0 antibody lane 9 DU-H; lane 10 DU-L.
E) o3 integrin PI1B5 antibody lane 11 DU-H; lane 12 DU-L.
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Both cell sublines attach to laminin and fibromnectin to a
similar extent but by different mechanisms.

The consequences of o6 expression in the selected
sublines was assessed by three different functional assays.
These included determining changes in cell adhesion to
laminin or other ECM molecules, changes in cell migration and
invasion of the cells through a mouse diaphragm in vivo.

The extent of cellular adhesion to laminin was similar
for both cell populations (Figure 17). However, the adhesion
of the DU-H cells depended completely on the a6 integrin since
the anti o6 antibody inhibited adhesion to laminin. On the
other hand, the DU-L cells were only partially inhibited with
the anti o6 antibody. I investigated which other integrins
participated in the DU-L cell adhesion to laminin and found
that a Bl integrin , probably o3 was collaborating in laminin
adhesion. A partial inhibition of attachment of DU-L cells
to laminin occurred by incubation of the cells with either g1
or o3 antibodies. The anti «6 antibody combined with either
anti-pl or anti-o3 inhibited adhesion to laminin completely,
confirming the sufficiency of the interaction. The DU-H
cells were inhibited by an anti g1 antibody but not by an anti
o3 antibody. The adhesion to fibronectin was similar in both

cell sublines.
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FIGURE 17. Attachment of DU-H and DU-L to Laminin and
Fibronectin. Cells were tested for their adhesive ability on
laminin and fibronectin in the presence or absence of
specific antibodies as described in methods section. Results
are expressed as a percentage of adhered cells after 1 hour
incubation. H:DU-H ; L:DU-L; Anti o6: anti o6 antibody
(GoH3); Anti Bl : anti Bl antibody (P4Cl10); Anti o3 : anti o3
antibody (P1B5); FN: fibronectin.
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The high o6 integrin expressors migrate faster than o6 low
expressors on laminin.

The importance of o6 integrin in cell movement on laminin
was assessed by comparing the random migration speeds of the
high and low o6 integrin sublines. Videomicroscopic analysis
of cells moving on different amounts of coated laminin
(Figure 18) showed that the low a6 expressors moved 2.5 fold
slower than the high expfessors. The involvement of a6 was
confirmed by inhibiting cell movement with anti a6 antibody
(Figure 19). The DU-H where largely inhibited, most of the
cells rounding up soon after the antibody addition. The
remaining movement seen here was probably due to cell rolling
more than ameboid movement, as observed in time-lapse video
recording. The o6 antibody alone or the o3 antibody alone did
not have any effect on the low expressors, which preserved

both their speed and spreading.

Increased invasive ability of DU-H tumors into the mouse
diaphragm.

The a6 sublines were assessed in their invasive ability
in SCID mice by determining their capacity to breach the
diaphragm basement membrane and invade its stroma. This
model is practical as it allows evaluation of the frequency
of basement membrane breaching and of the depth of invasion
by the tumor (114) (Figure 20 a and b). Initial experiments

indicated that the low a6 expressors showed an increased
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FIGURE 18. Migration of DU-H and DU-L on Laminin.
Videomicroscopic analysis of cell migration was performed on

cells grown in laminin coated dishes (0-20 pg/cm?). Random
cell migration was determined by measuring displacement of
centroids as a function of time. Seventy to 100 cells were
analyzed for each condition. Random migration of DU-H and
DU-L on IM was monitored at different concentrations of
Laminin.
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proliferation rate in comparison to the high u6 expressors
after injection into the mice (data not shown). Accordingly,
different amounts of cells were injected into the mice to
achieve a similar tumor burden and coverage of the diaphragm.
At a similar tumor burden, the high expressors resulted in an
increased invasion (Table III, Figure 20 a). The increased
invasion was characterized by multiple basement membrane
breaching points and an invasion depth in 80% of the cases.
In additiqn, the cells were observed between the muscle
fibers suggesting a migration path along the surface of the
muscle. The low expressors showed superficial invasion in
one case (20%) and were negative in the other mice(Table III,
Figure 20b).

Microscopic analysis of the frozen sections of the mouse
diaphragm by immunofluorescence indicated that the tumor
arising from the DU-H cells was positive for a6 (Figure 20 c-
f). Of particular interest was the increased expression of
the integrin on the surface of the cells at the invasion
sites as compared to the expression level within the tumor
mass. Analysis of the digital images by quanitation of the
pixel density indicated a three fold elevation in expression
(data not shown). The DU-L cells showed lower expression of
a6 and no evidence of a preferential pattern of expression

along the boundaries of the diaphragm was noted.
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FIGURE 20. Invasion of SCID mouse diaphragm by DU-H and DU-
L cells. Cells were injected intraperitoneally in SCID mice
and grown for 31 days. Diaphragms portions were fixed or
frozen, sectioned and stained with HE . A. A non invading
tumor (DU-L) B. A highly invasive tumor (DU-H).

(C-F)Indirect immunofluorescent analysis of DU-H and DU-L
tumors. Frozen section of tumor invaded diaphragms from
inoculated SCID mice with DU-H (C,E) and DU-L (D,F) were
immunostained with anti o6 (C,D) or human anti-keratin (E,F)
antibodies. Asterisks denote the normal diaphragm boundaries.
T tumor, D diaphragm. Arrows indicate the invasive edges of
the tumor. Note in these invasion edges the tumor surrounding
muscle fibers and showing expression of «6 integrin.
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TABLE III. Invasive ability of DU-H and DU-L.

DU-H and DU-L cells were injected into SCID mice and grown
for 31 days. Diaphragms with tumor were dissected out,
weighed and analyzed histologically for invasion.

tumor type [tumor weight| diaphragm
invasion
DU-L 700 0
560 0
390 0
330 +/-
350 +
mean/total 466 1/5
DU-H 320 i+
550 +/-
250 +++
330 +++
530 +
mean/total 396 4/5

*diaphragm was dissected and weighed (mg). Mean weight of a normal
diaphragm was 80 mg. +++ denotes penetration and migration through the
diaphragm.
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Transfection of o6 integrin cDNA.

DU-L cells were transfected with i) o6a cDNA, ii) a cDNA
characterized by a cytoplasmic deletion or iii) the vector
only (prCMvneo). Pooled clones obtained by neomycin selection
were selected by FACS. Results from this transfections
showed similar low expression of a6 integrin at the mRNA level
in all transfected cells including the vector only
transfectants, suggesting failure of expression. It was not
possible to detect the expected protein product (by molecular
weight criterion) at the surface of the cells. Further
retransfection of 3 different clones of DU-L was done to
avoid artifactual selection of high a6 integrin expressors
from the DU-L subline. Neomycin resistant colonies obtained
from this clones were selected by FACS for high a6 integrin
expressors, but no stable high expressors could be found.
These results altogether suggested that o6 integrin
transfection was unsuccsesful in these cells and the

objective was not pursued further.
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C. Discussion

The influence that a6 integrin has in the invasion
process of prostate tumor cells has been investigated in this
work. A human prostatic carcinoma cell line, DU145, was
chosen as a model. Cell populations were selected from the
original cell line which contained high and low surface
expression of the a6 integrin. The high o6 integrin
expressors (DU-H) showed a four fold difference in relation
to the low a6 expressors (DU-L). The selected phenotype
continues to be stable two months after the selectionmn.

A biochemical analysis of the integrin composition
showed that DU-H cells expressed both o681 and a6f4 integrins
in contrast to DU-L which only expressed low levels of a6p4.
Yet both cell sublines produced similar amounts of o3, o5 and
Bl integrins, showing that the integrin difference was
restricted to o6, mainly a6pl.

The adhesive ability to laminin was similar in both cell
sublines, suggesting that either lower amounts of o6 integrins
can accomplish attachment, or that other laminin receptors
may compensate in attachment for the low a6 expression. The
latter seems likely as suggested by antibody inhibition
assays. DU-L cells were only partially inhibited with anti-o6
integrin antibody suggesting the participation of other
adhesion molecules. Further investigation showed that o3
integrin was also involved in the adhesion of DU-IL to laminin

as it was possible to partially inhibit adhesion with anti o3
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antibody. Taking into consideration that the combination of
anti-o6 and anti-o3 antibodies (or anti-a6 and anti-g1) could
inhibit most of the adhesion in the low expressors, one may
conclude that adhesion to laminin is mediated majorly through
a6p4 and o3pl integrins in DU-L cells. Integrin cooperation in
laminin binding has been found in other cell lines as well
(115-117). It is not clear why o3 does not have a laminin
binding role in the high expressors, but may reflect a
saturation of cellular binding to laminin.

In contrast to adhesion, migration on laminin was
affected by a6 integrin expression in these sublines. DU-H
cells showed an increased random migration speed on laminin
in relation to DU-L cells. Since the cell sublines differ
primarily in the presence of a6fl, these data suggest that
a6fl increases cell migration on laminin. Experiments are
currently in progress to test this idea more directly. The
inhibition of migration with o6 antibodies in the high
expressors indicates a strong dependence on the o6 integrins.
Although there is only half the inhibition of the apparent
migration speed after antibody treatment, the high expressors
assumed a round morphology. The remaining measured
displacement may be attributed to an integrin independent
cell rolling more than the extension of pseudo or filopodia
as documented by time lapse video microscopy. The low
expressors, though showing a slow migration speed, were not

altered by anti-a6 antibodies neither in its migration nor in
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its spreading, suggesting that o684 may not participate in DU-
L cells migration and that other cell adhesion molecules
should be taking part in these actions. 1In this case, anti-o3
did.not change their migration speed.

Previous studies have suggested the participation of a6l
in cell migration which are consistent with the results of
this work. For éﬁample, invasion of reconstituted basement
membranes in vitro by fibrosarcoma or osteosarcoma cells
could be inhibited by anti-a6 antibody (61, 118). In human
foreskin keratinocytes it has been suggested that o6pf4 might
restrict migration rather than promote it (116).0n the other
hand, in an in vitro wound-healing explant model(119),
migration of corneal epithelial cells was not inhibited by
anti-p4 antibodies (only hemidesmosome formation) but anti o6
antibody was completely inhibitory for migration. Some
studies suggest that o6p4 participates in migration (120).

Several factors may account for the apparent
contradiction. For example, there may be a requirement for a
threshold level of o6p4 to accomplish migration. The poor
participation of a6p4 seen in DU-L cell migration might be a
reflection of a small number of these receptors and could
indicate that these cells need more a6f4 receptors to
accomplish migration rather than to adhere to laminin.
Alternatively, the molecular features of a6p4 itself or its
interaction with the cytoskeleton may be a factor. Others

have reported splice variants of both a6 and g4 which may be a
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factor. The interactions of these variant receptors with the
cytoskeleton and its influence on cytoskeleton dependent
migration are currently unknown.

The fact that o6l is linked to the actin cytoskeleton
make it more likely to participate in migration than o6p4
which is linked to the intermediate filament network. The
o6p4 and the associated structural proteins localize into
stable anchoring structures known as the hemidesmosomes (45,
46). The loss of hemidesmosomes and the a6f4 integrin in
prostate carcinomas has been observed by us previously (75,
121). The loss of the stable anchor could facilitate
movement of the cell, and according to the migration data,
the persistence of the alternative receptor, a6pl, could
provide a definite advantage in facilitating movement on a
laminin substrate.

These data suggest that «6 may have an important
influence on the invasion of cells through the basement
membranes and stromal tissues. DU-H expressors show a
considerable difference in their invasive ability of the
diaphragm basement membrane and stroma in comparison to DU-L
cells that show a low invasive ability. This is consistent
with other studies done with osteosarcoma cells that showed a
correlation of the in vitro invasion of reconstituted
basement membranes with o6 expression (61). In the same line
of studies, mouse tail vein injections of melanoma cells have

been inhibited in their metastatic potential with anti o6
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antibodies (59), or show a correlation between o6 expression
and metastatic ability (122) . The results found here add to
these'previous results that o6pl integrins may influence
invasion in vivo of basement membranes and laminin rich
stroma.

The mechanism by which a6 would facilitate invasion could
be adhesion related (as migration and contact with basement
membranes), and/or signal transduction related, as an
increase in other elements useful to traverse basement
membranes. Some integrins have been shown to increase the
signaling for protease production (22), but this has not been
shown for the a6 integrins. The data presented here suggest
that the migratory and adhesive abilities of the DU-H cells
might explain in part their greater invasive ability in
comparison to DU-L, but other mechanisms are likely to
coexist. It is interesting that the DU-L cells had a marked
increase in their proliferation rate in vivo, which could be
relafed to some regulatory signaling by the o6 integrins. This
has been observed with other integrins. An inverse
correlation between proliferation and integrin expression has
been observed for o5t integrin where the low expressors
showed a higher proliferation and tumorigenicity than the
high expressors; transfection of o5 may result in decreased
tunorigenicity (53, 123) On the other hand the presence of
certain integrins as avp3 may show positive effects on cell

proliferation (51). Either case it underscores the
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participation of integrins in the proliferation process and
the results presented here suggest the participation of a6 in
this process.

It was interesting that a6 integrin is increased chiefly
at the sites of invasion. This suggests that expression of a6
integrins may provide an advantage mainly at the front of
invasion where it might interact and be regulated by the
invaded extracellular matrix . Diaphragm skeletal muscle is
rich in laminin related molecules which could facilitate
migration of a6l containing cells. This would be relevant in
prostatic carcinoma as prostate tissue is laminin rich.
Laminin in prostate is present in smooth muscle cells and
perineurial nerve sheaths which could provide laminin paths
for the tumor cells. Indeed perineurial invasion has been
shown to be critical in the extracapsular dissemination of
prostate carcinoma (124).

Our results indicating that a6fl might favorably
influence prostate tumor cell migration on laminin and
invasion through stroma, together with previous
histopathological studies that confirm the persistence of
this integrin in prostate tumor progression (59, 75), suggest

an important role of a6 integrins in this disease.
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IX. CONCLUSIONS

The mechanisms of invasion and metastasis in prostate
carcinoma must be thoroughly explored in order to increase
our chances to control the disease. In this dissertation, the
influence of cell adhesion on the invasion process has been
examined. Results suggest that a tumor cell producing both
the o6 integrin receptor and its laminin ligand might provide
a better chance to grow and invade. LNCaP nontumorigenic
cells show several characteristics that could be related to
their non-tumorigenic potential. LNCaP cells show low
adhesivity, lack of surface laminin binding, anomalous
integrins, which is in contrast to DU145 tumorigenic cells
that adhere to several substrates and produce, secrete and
bind laminin to their surface and show a normal integrin
profile. It was found that a6 integrin might be an important
feature for a prostate tumor cell to migrate and invade
tissues that are rich in laminin as suggested by the
differential invasive ability of cells with different a6
integrin content.

Laminin as a substrate for migration is likely to
be important in prostate cancer. The prostate is an organ
rich in laminin, and one of the most frequently used routes
of extracapsular dissemination, the perineurial invasion

route, constitutes itself a path of laminin. A tumor cell
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capable of attaching and migrating on laminin could
potentially take advantage of this laminin path.

More research is needed to assess the generality of
this work's findings. Several derived questions might be
interesting to follow up. Still unanswered is the
participation of g4 in this process. We know that p4 is shut
down in prostate carcinoma primary tumor but we do not know
yet if cells migrating out of the prostate might reactivate
a6p4 expression. All prostate carcinoma cell lines have the
ability to produce a6f4 and o681l which would argue more for a
phenotypic change rather than genotypic. In this work the
importance of a6 integrin in the invasion process is defined.
A limitation of this work is that the contributions of «6g4 or
a6fl actions cannot be discerned and it would be interesting
to address this problem in the future, as it could have
clinical relevance. Studying the presence of p4 in lymph node
and bone metastasis could shed some light on the plasticity
of o6B4 expression.

Whether a6 integrin provides an advantage for
extracapsular dissemination by perineurial invasion or not,
will also be an interesting question to address in the
future. Yet a suitable model still has to be developed for
this purpose.

The participation of o6 in the invasion process is
consistent with an increase in the migratory ability on

laminin, but it does not rule out that other mechanisms could
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be participating. Studying the downstream phenomena that
occur upon receptor occupation will be critical in answering
this question.

The need for implementation of new models that
represent better the progression of human prostate carcinoma
has been emphasized each time researchers are asked for an
improvement of perspective. I do not want to be the
exception. The study of the metastatic cascade might depend
heavily on the dissection of each one of the steps that
integrate the cascade, and a specific model for each step
might be required. Clearly, much more work needs to be done

to understand the complexity of the metastatic cascade.
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