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ABSTRACT
Human tumor cell progression and metastasis are partially dependent
on the ability of a tumor cell to adhere to the proteins of the extracellular
matrix (ECM) and survive at the distant location. Six novel D-amino
acid-containing peptides were analyzed for their ability to adhere to
human prostate tumor cells, support tumor cell adhesion, and inhibit
tumor cell adhesion to ECM proteins or human dermal fibroblasts. Of
these, two peptides called RZ-3 (kmviywkag) and HYD-1 (kikmviswkg)
bound to tumor cell surfaces and compared favorably with the previously
reported AG-73 (RKRLQVQLSIRT) L-amino acid peptide, as determined
by fluorescence-activated cell sorting analysis. A scrambled peptide derivative of HYD-1, called HYDS-1 (wiksmkivkg), was not active. The
RZ-3, HYD-1, and AG-73 peptides supported maximal cancer cell adhesion at 5 g, 10 g, and 50 g/well, respectively. The ECM proteins
fibronectin, laminin 1, and collagen IV supported maximal cell adhesion
at 1 g, >10 g, and 50 g/well, respectively. Prostate tumor cell adhesion to immobilized RZ-3 and HYD-1 peptides was inhibited by ␣2– 6- and
␤1-integrin-blocking antibodies. Conversely, tumor cell adhesion to a
␤1-integrin-specific antibody was blocked by both RZ-3 and HYD-1.
Epithelial cell adhesion to dermal fibroblasts was inhibited by HYD-1 and
unaffected by the scrambled peptide, HYDS-1. Cell adhesion to immobilized peptides was unaffected by EDTA. The soluble RZ-3 and HYD-1
peptides inhibited tumor cell adhesion to each of the immobilized four
ECM proteins (1.0 g/well) in a time- and concentration-dependent manner. The IC50 of the RZ-3 peptide for blocking adhesion to fibronectin,
laminin 1, laminin 5, and collagen IV was 2.4 g, 1.8 g, 4.6 g, and 2.8
g/well, respectively. The IC50 of the HYD-1 peptide for blocking adhesion to fibronectin, laminin 1, laminin 5, and collagen IV was 6.9 g, 5.7
g, >10 g, and 6.2 g/well, respectively. Taken together, these results
indicate that RZ-3 and HYD-1 are biologically active D-amino acidcontaining peptides that can themselves support tumor cell adhesion and
can inhibit tumor cell adhesion to immobilized ECM proteins or dermal
fibroblasts.

INTRODUCTION
Tumor cell adhesion to the ECM4 within tissues greatly influences
the ability of a malignant cell to invade and metastasize to outlying
tissues (reviewed in Ref. 1). Furthermore, the survival of the metastasized tumor cell depends in part upon the activity of the ECM
receptors (2–7). Cell adhesion and the accompanying intermediate
filaments in tumor cells are also an important factor in resistance to
the killing effects of several chemotherapeutic drugs. Fibronectinmediated adhesion of myeloma cells confers a survival advantage in
a phenomenon known as CAM-DR (8 –12). The pivotal role of

adhesion modulation in both the tumor cell metastasis and their
survival prompted us to characterize tumor cell adhesion peptides for
their ability to alter cell adhesion to the ECM.
The proteins of the ECM consist of type I and IV collagens,
laminins, heparin sulfate proteoglycan, fibronectin, and other noncollagenous glycoproteins (13). Cell adhesion to the laminins, fibronectin, and collagens is mediated in part by a group of heterodimeric
transmembrane proteins called integrins, which are composed of a
noncovalently associated ␣ and ␤ subunit that define the integrinligand specificity (14). The integrins ␣6␤1, ␣3␤1, and ␣6␤4 are laminin receptors (15, 16). These integrins in particular are associated with
epithelial tumor progression in prostate, breast, colon, pancreatic
carcinomas, head and neck tumors, and melanoma (17–21). Prostate
micrometastases continue to express the ␣6 integrin, whereas other
cell adhesion molecule expression is suppressed (22).
Previous attempts to block adhesion of cells to the ECM (i.e.,
laminin 1, laminin 5, or collagen) have been accomplished using
integrin-specific, function-blocking monoclonal antibodies or peptide
mimics of the natural ECM protein (23–25); e.g., human melanoma
cells coinjected into nude mice with an anti-␣6 antibody have a
lowered ability to metastasize (26). Similarly, the ␣1␤1 and ␣2␤1
integrins are collagen receptors, and antibodies to these integrins
reduced invasion of basement membranes (27). Biologically active
adhesion peptides derived from specific regions of the ECM protein
laminin 1 have had reported effects on a variety of biological processes including invasion, metastasis, migration, and matrix metalloproteinase expression (28 – 40).
Our previous work (41) identified several L-amino acid-containing
peptide candidates as antiadhesive agents by selecting peptides based
upon the ability of the prostate tumor cells to bind to the immobilized
peptide. Further screening with a D-amino acid library yielded several
new peptide candidates. Adhesion and biological properties of these
peptides are analyzed in this study, and a hybrid peptide is proposed
and further tested. The identification of D-amino acid peptides for the
interruption of cell adhesion to ECM proteins or dermal fibroblasts
should be useful in the increased killing of distant metastases, as well
as providing insight into regulation of integrin-ligand interactions.

MATERIALS AND METHODS

Cell Line and Culture Conditions. The DU145 human prostate carcinoma
cell line (American Type Culture Collection, Rockville, MD) originated from
a prostate carcinoma brain metastasis. The DU-H cells were selected previously (42) using FACS for high ␣6 integrin expression. DU-H cells were
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Synthetic Peptides, Fibronectin, Laminin 1, Laminin 5, and Collagen
IV. The RZ series of peptides was found using the “one-bead one-compound”
combinatorial library method and a D-isomer octyl-mer peptide library, as
described previously by us (41). The amino acid sequences of the peptides are:
RZ-3, kmviywkag; RZ-4, kggrhykfg; RZ-6, arkfkglig; and RZ-12, yiknrkhhg.
The HYD-1 peptide (kikmviswkg) was generated by overlapping the positive
adhesion peptides and postulating a hybrid sequence. The HYDS-1 scrambled
peptide (wiksmkivkg) was generated by random ordering of the HYD-1
peptide sequence. The six peptides were synthesized with a biotin at the NH2
terminus and purified by Molecular Resources Core Facility, Colorado State
University, Department of Biochemistry, Ft. Collins, Colorado. The human
fibronectin and mouse collagen IV was obtained from Life Technologies, Inc.
The laminin 1 was obtained from Becton Dickinson Corp., Franklin Lakes, NJ and
is derived from the Engelbreth-Holm-Swarm mouse tumor. The laminin 5 was
obtained from the matrix of HaCaT cells (Dr. Norbert Fusenig, German Cancer
Research Center, University of Heidelberg, Heidelberg, Germany; (Ref. 44).
Antibodies. All of the antibodies used were integrin function-blocking
reagents known to react with human integrin. The mouse monoclonal antibodies used for the blocking studies were as follows: P4C10, anti-␤1 integrin;
P1E6, anti-␣2 integrin; P1B5, anti-␣3 integrin; and P1D6, anti-␣5 integrin (all
of these from Life Technologies, Inc.). NKI-GoH3, an anti-␣6 integrin subunit
rat antibody, was purchased from Serotec Inc. (Raleigh, NC). Mouse preimmune IgG was purchased from ICN Biomedicals Inc. (Aurora, OH). The ␤1
antibody used in the adhesion assay was TS2/16, obtained from the American
Type Culture Collection.
FACS Analysis and Confocal Microscopy. The seven peptides were
synthesized with a biotin at the NH2 terminus. The peptides were then allowed
to bind to neuralite avidin conjugated with Bodipy (Molecular Probes, Eugene,
OR), and the tetrameric peptide-avidin complexes were incubated with the
cells. The nonspecific binding was determined using the neuralite avidinBodipy alone incubated with the cells. Suspended DU-H cells (1 ⫻ 106) in 1
ml of IDMEM without serum were incubated with 10 g of peptide and 10 g
of Bodipy conjugated to neuralite avidin at 4°C in the dark for 30 min. The
cells were washed several times with IDMEM without serum and then analyzed for fluorescence on a FACStarPlus (Becton Dickinson) or examined
using a laser scanning confocal microscope (LSM 10; Zeiss). Digital images
were collected on each Z-series using identical contrast and brightness settings.
Cell Adhesion Assay and Peptide Inhibition of Adhesion. Ten g of
ligand or 20 g of neuralite avidin (Molecular Probes, Inc.) was dissolved in
1 ml of distilled water, and 100 l of solution was added to each well of a
tissue culture 96-multiwell plate (Falcon, Franklin Lakes, NJ). The solution of
either ECM protein or neuralite avidin was allowed to dry overnight. Use of
neuralite avidin ensures maximum binding of the biotinylated peptide to the
surface, avoiding the variability of peptide coating. In the ␤1 antibody adhesion assay, the TS2/16 antibody (2 g/ml) was coated for 18 h in the HEPES
buffer at 4C. The wells for all of the substrates were then blocked with 100 l
of 1% BSA for 1 h. The wells were washed with HEPES buffer, and varying
amounts of peptide were added in each well. After 1 h of peptide incubation,
wells were washed with IDMEM without serum, and suspended DU-H cells
(5 ⫻ 104) in serum-free IDMEM were added in each well. The cells were
allowed to adhere for 60 min at 37°C. The wells were washed three times with
HEPES buffer and fixed with 2.5% formaldehyde in PBS. The cells were then
stained with 0.5% crystal violet in 20% (v/v) methanol/water and viewed under
a microscope. The amount of bound cells was estimated by solubilizing the dye
using 0.1 M sodium citrate and reading the absorbance at 570 nm. Triplicate
determinations were done at each data point.
Epithelial and Stromal Cell Adhesion Assay. HFF cells were used at
3 ⫻ 105 cells/well in 6-well plates in serum-free medium and allowed to attach
at 37°C. After 24 h, the medium was removed, the well was washed once with
PBS, and 3 ⫻ 105 SCC-25 cells were placed on top of the HFF monolayer. The
SCC-25 cells were added using 1 ml of serum-free medium containing either
40 g/ml HYD-1, 40 g/ml HYDS-1, or no treatment. The number of SCC-25
unable to attach were recovered by a PBS wash and counted every h for 3 h
using a hemocytometer. The determinations were done in triplicate.

bind to DU-H cells by FACS analysis. In Fig. 1 (top panel), the MPF
for each peptide is shown and indicates that Bodipy neuralite avidin
alone resulted in a barely detectable amount of nonspecific binding.
The RZ-4, RZ-6, and RZ-12 peptides demonstrated slight activity
above the background of Bodipy neuralite avidin alone. The RZ-3,
HYD-1, and AG-73 peptides exhibited significantly higher amounts
of cell binding as compared with Bodipy neuralite avidin alone. Use
of the RZ-3 peptide resulted in a MPF of 350; HYD-1 resulted in a
MPF of 1200. The previously reported AG-73 peptide (32) resulted in

RESULTS

Fig. 1. FACS analysis of biotinylated peptides bound to DU-H prostate carcinoma
cells. The cells were incubated with Bodipy-peptide complexes for 30 min, and the
amount of peptide bound was estimated using FACS analysis. The MPF for each peptide
from the resulting histograms are shown in the top panel. The representative histograms
for the AG-73, HYD-1, HYDS-1, and the RZ-3 peptides are shown in the remaining
panels.

RZ-3, HYD-1, and AG-73 Bind to Prostate Tumor Cell Surfaces. The RZ-3, RZ-4, RZ-6, RZ-12, and HYD-1 peptides and the
previously reported AG-73 peptide (32) were tested for their ability to
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a MPF of 500. The scrambled peptide, HYDS-1, had a MPF similar
to the nonspecific binding detected by the Bodipy neuralite avidin
alone, indicating that the scrambled peptide did not bind to the cells.
The fluorescence histogram for each binding peptide is shown in the
remaining panels of Fig. 1. All of the three peptides result in a normal
distribution pattern of cell binding, indicating that there are cells
within the populations that are low and high binders of the peptides.
The AG-73 peptide had the broadest distribution pattern, followed by
RZ-3 and HYD-1, respectively. Of the three peptides, the HYD-1
peptide displays the most uniform distribution. The distribution of
both RZ-3 and HYD-1 peptides was also examined in live DU-H
prostate tumor cells by confocal microscopy. The data in Fig. 2
indicate that the peptides remained on the surface of the cells during
the 30-min incubation period. The confocal image also indicates that
all of the cells were decorated with the peptide.
DU-H Prostate Tumor Cells Adhere to Immobilized Peptide
and ECM Proteins. Using the three peptides that displayed the most
cell-binding activity, RZ-3, HYD-1, and AG-73, the biological activities of the peptides were tested further. The ability of DU-H cells to
adhere to the peptides immobilized on a plastic surface was compared
with the ability of the cells to adhere to several immobilized natural
ECM ligands, such as fibronectin, laminin 1, and collagen I (Fig. 3).

Fig. 3. Comparison of human prostate tumor cell adhesion to immobilized peptides and
ECM proteins. The DU-H cells were allowed to attach to HYD-1 (E), AG-73 (ƒ), RZ-3
(), or HYDS-1 (䡺) peptide-coated 96-well microtiter plates (top panel) or fibronectin
(f), laminin 1 (F), or collagen IV (Œ) protein-coated 96-well microtiter plates (bottom
panel). After a 60-min incubation at 37°C, the number of attached cells was determined
by absorbance at 570 nm. Data are expressed as a mean of triplicate results; error
bars, SD.

Fig. 2. Confocal microscopy of RZ-3 peptide binding to the surface of human prostate
tumor cells. The DU-H cells were incubated with Bodipy-RZ-3 (top panel), BodipyHYD-1 (middle panel) peptide, or Bodipy alone (bottom panel) for 30 min, and the
peptide (green) was observed using confocal microscopy on the live cells. The nuclei are
stained with propidium iodide (red); Bar, 25 m.

All of the three peptides supported cell adhesion within the 60-min
incubation period (Fig. 3). The HYD-1 peptide promoted the most
adhesion, with concentrations as low as 2 g/well supporting cell
attachment. Maximal cell adhesion to HYD-1 occurred at 10 g/well.
The scrambled peptide HYDS-1 did not support cell adhesion at any
concentration tested (i.e., 10 –100 g/well). The RZ-3 peptide required 10 –50 g/well for tumor cell adhesion. A comparison of the
peptides indicates that 50% cell binding occurred using 1.5 g, 20 g,
or 30 g/well for HYD-1, AG-73, and RZ-3, respectively. Mixtures of
the peptides were not synergistic for promoting adhesion (data not
shown). All of the three ECM proteins are sufficient ligands for DU-H
adhesion and can support adhesion in a similar manner at concentrations as low as 0.1 g/well. A comparison of the ECM proteins
indicates that 50% cell binding occurred using 0.1 g, 0.6 g, and 1.5
g of fibronectin, laminin 1, and collagen IV, respectively. Taken
together, a comparison of the ability of the peptides and the ECM
proteins to support adhesion indicates that the HYD-1 peptide compares favorably with the natural ligands.
Tumor Cell Adhesion to Immobilized Peptides Is Integrindependent. Next, we tested if cell adhesion to the peptides or the
natural ligands was dependent upon cations or whether the interaction
could be blocked by integrin function-blocking antibodies.
Cell attachment to laminin 1 and fibronectin was inhibited by 3 mM
EDTA as expected (Fig. 4), indicating that these interactions are
conducted through an interaction that requires cations (45). In contrast, cell attachment to RZ-3 and HYD-1 was not affected by 3 mM
EDTA, suggesting that the adhesive properties occur through an
integrin interaction that does not require cations. This is consistent
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The DU-H cell attachment to immobilized laminin 1 and fibronectin was decreased in a concentration-dependent manner when HYD-1
or RZ-3 was added to the wells (Fig. 6). The RZ-3 peptide was the
most effective peptide for inhibiting attachment to all of the ECM
proteins, including laminin 5, as judged by comparing the concentration of peptide required to inhibit 50% of the cell adhesion (IC50) to
the respective ECM protein (Table 1). The previously reported AG-73
peptide (32) inhibited cell adhesion to fibronectin, requiring approximately 9 g/well, and did not inhibit cell adhesion to laminin 1 or
collagen IV. The HYD-1 peptide inhibited cell adhesion to laminin 1,
fibronectin, and collagen IV in a similar manner. The HYD-1 peptide
inhibition of cell adhesion showed a threshold response in that greater
than 2 g/well of peptide was required before an inhibition of cell
adhesion was detected. The scrambled HYDS-1 peptide was not able
to inhibit adhesion to any ECM protein. A comparison of the IC50
values of the peptides reveals that the most potent inhibitor for
attachment to all of the three ECM proteins is RZ-3.
Inhibition of SCC-25 and HFF Coculture Interaction by HYD-1
Peptide. The biological relevance of the adhesion-blocking ability of
the HYD-1 peptide was tested using an epithelial-fibroblast coculture
model system. Epithelial stromal interactions are increasingly recognized as determinants of tumor progression. The adhesion of SCC-25
cells to a HFF monolayer is a time-dependent process that was
maximal within 1 h of incubation at 37°C (Fig. 7). The HYD-1
peptide inhibited approximately half of the SCC-25 cells from attaching to the HFF monolayer. The inhibition of SCC-25 adhesion was
maintained over the 3-h period of the assay. The scrambled form of
the peptide, HYDS-1, was ineffective in altering adhesion.
Fig. 4. Effect of antibodies and reagents on DU-H cell adhesion to peptides and ECM
proteins. The DU-H cells were allowed to attach to fibronectin- (1 g/well), laminin 1- (1
g/well), collagen IV- (1 g/well), HYD-1- (10 g/well), or RZ-3- (50 g/well) coated
plates in the presence of 10 g/ml IgG, 3 mM EDTA; anti-␣2; anti-␣5; anti-␣3 and 6;
anti-␣2 and 5 integrin antibodies; or anti-␤1 integrin antibody, as indicated. After 60 min
of incubation at 37°C, the number of attached cells was determined by absorbance at 570
nm. Data are expressed as a mean of triplicate results; error bars, SD. The percentage of
control is the absorbance value of cells with the function-blocking antibody divided by the
absorbance value of cells without the function-blocking antibody ⫻ 100.

with a peptide interaction occurring independent of the calciumbinding motif. The calcium-binding motifs of the ␣ integrin subunit
lie on a surface of the integrin far from the ligand contact sites (45).
Cell attachment to laminin 1 and fibronectin was not affected by the
addition of 10 g/ml heparin, suggesting that the cell adhesion to the
immobilized matrix proteins was not because of the positive charge
interactions with the cell surface. Similarly, attachment to RZ-3 and
HYD-1 was unaffected by adding heparin (data not shown). Cell
attachment to fibronectin was inhibited by the anti-␣5 and the anti-␤1
antibody, consistent with its known function as a ligand for the ␣5␤1
integrin. Cell attachment to laminin 1 was inhibited by anti-␣3,6 and
anti-␤1 integrin antibodies, consistent with the fact that adhesion to
laminin 1 is mediated by both the ␣3,6 and ␤1 integrins. Cell attachment to laminin 5 was partially inhibited by the ␣3,6 antibodies and
unaffected by the ␤1-blocking antibody. A combination of the ␣2, 3,
5, and 6 integrin-blocking antibodies partially inhibited adhesion to
immobilized HYD-1 or RZ-3 peptides. Although cell adhesion to
HYD-1 was not inhibited by ␤1-blocking antibodies, HYD-1 peptide
can inhibit cell adhesion to the ␤1 integrin-specific activating antibody TS2/16 (Fig. 5). Taken together, the data suggest that cell
adhesion to the immobilized RZ-3 and HYD-1 are integrin dependent.
Inhibition of DU-H Cell Attachment to ECM Proteins. The next
test of the biological properties of the peptides was to determine
whether the soluble peptides could inhibit DU-H adhesion to the
immobilized ECM proteins.

DISCUSSION
Using a previously described method (41) to isolate candidate
peptides for biological activity with the ␣6 integrin, we report the
existence of two bioactive D-amino acid-containing peptides called
RZ-3 and HYD-1. These peptides attach to the surfaces of live tumor
cells, can themselves support cell attachment, can inhibit attachment
to ECM proteins such as fibronectin, laminin 1, laminin 5, and
collagen IV, and can inhibit epithelial stromal adhesion interactions.
The inhibition of tumor cell adhesion to a number of ECM proteins
was observed with both peptides. In addition, the integrin-blocking
antibodies only partially inhibited the adhesion of the cells to the
peptides. Taken together, these data suggest that the peptides can
affect adhesion processes that are both integrin dependent and independent. This fact may have significance for both understanding

Fig. 5. Inhibition of DU145 cell adhesion to immobilized ␤1 integrin antibody by
peptides. The cells were allowed to attach to the immobilized ␤1 integrin antibody called
TS2/16 (2 g/well) in the presence of increasing concentrations of soluble peptide
(HYD-1, RZ-3, HYDS-1, or AG-73) using serum-free medium. After 1 h at 37°C, the
number of attached cells was determined by absorbance at 570 nm. Data are expressed as
a mean of triplicate results; error bars, SD.
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cross-talking pathways of cell adhesion to the ECM and interrupting
adhesion-dependent biological events. The broad nature of the inhibition could prove useful in disabling the varied adhesion events that
are activated within human tumor cell populations. It should be noted
that these peptides do not show homology to any known proteins in
the SwissProt database using a Basic Local Alignment Search Tool
for Protein (data not shown).
The potential use of the peptides could include the prevention of
tumor cell adhesion in vivo. Preliminary experiments using a mouse

Table 1 Concentration of peptide for IC50 of cell adhesion to ECM proteins (g/well)

RZ-3
HYD-1
HYDS-1
AG-73

Fibronectin

Laminin 1

Laminin 5

Collagen IV

2.4
6.9
No inhibition
9.0

1.8
5.7
No inhibition
No inhibition

4.6
⬎10
No inhibition
No inhibition

2.8
6.2
No inhibition
⬎10

Fig. 7. Inhibition of SCC-25 cell adhesion to HFF monolayers by peptides. Approximately 3 ⫻ 105 SCC-25 cells were plated onto HFF monolayers in the absence (F) or
presence of the HYD-1 (f) and HYDS-1 (Œ) peptides. After the indicated times of
incubation, the number of SCC-25 cells unable to attach was determined using a hemocytometer. The number of HFF cells unable to attach was also determined in the presence
of the HYD-1 peptide (䉬). A minimum of three determinations were done at each time
point. The percentage of adhesion is the number of SCC-25 cells adhering to the HFF
monolayer divided by the number of SCC-25 cells added to the wells ⫻ 100.

Fig. 6. Inhibition of DU-H cell adhesion to ECM proteins by peptides. The cells were
allowed to attach to laminin 1- (, 1 g/well), fibronectin- (E, 1 g/well), laminin 5- (F,
1 g/well), or collagen IV- (ƒ, 1 g/well) coated 96-well microtiter plates in the presence
of various amounts the RZ-3, HYD-1, or HYDS-1 peptides using serum-free media. After
a 60-min incubation at 37°C, the number of attached cells was determined by absorbance
at 570 nm. Data are expressed as a mean of triplicate results. The percentage of control
is the absorbance value of cells with the peptide divided by the absorbance value of the
cells without the peptide ⫻ 100.

human tumor xenograft model system (46) suggest that the peptides
themselves are not toxic to animals (data not shown). The alteration of
tumor cell adhesion could be of benefit for preventing metastasis as
well as increasing the killing of tumor cells that are refractory to
treatment. The peptides may be particularly useful in human tumors
with a wild-type p53 function because clustering of integrin in tumor
cells containing wild-type p53 can trigger apoptosis (7). Our preliminary experiments indicate that the altering of attachment can sensitize
the tumor cells to the killing effects of ionizing radiation (data not
shown). We are currently testing both the efficacy of the peptides to
inhibit tumor cell adhesion in vivo and the potential for synergistic
lethality with DNA-damaging agents in vivo.
It has been demonstrated that fibronectin-mediated adhesion confers a survival advantage for myeloma cells acutely exposed to cytotoxic drugs in a phenomenon known as CAM-DR (11, 12). Myeloma
cells within the bone marrow are adherent to fibronectin and are
thought to serve as a reservoir of tumor cells that are difficult to
eradicate. The antiadhesive peptides HYD-1 and RZ-3 may be lead
candidates to overcome CAM-DR.
The role of the ECM as a cell survival factor has been demonstrated
in both normal cell types and fibroblasts. The ECM is critical for
normal survival signals, and the loss of the ECM will result in normal
cell death in a process termed anoikis (47–50). However, during
transformation, normal cells down-regulate many of their adhesive
interactions and display anchorage-independent cell growth. Although
the majority of the adhesion events are suppressed during transformation, selected adhesion events are preserved; e.g., in prostate cancer
progression, the majority of the integrin ECM receptors and the
E-cadherin class of adhesion molecules are suppressed (51), whereas
the laminin receptors and N-cadherin remain expressed (18, 52). The
preserved adhesion events may be important targets for inactivating
the known survival advantage of invasive or metastatic tumor cells.
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