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Capillaries expressing the laminin �2 chain in base-
ment membranes may be considered early develop-
ing vessels in normal and neoplastic human tissues.
Therefore, we investigated whether up-regulation of
this extracellular matrix protein favors transendothe-
lial migration of neoplastic cells and then metastasis.
In lung small and large cell neuroendocrine carcino-
mas, which exhibit a stronger metastatic tendency
among carcinomas, laminin �2 chain-positive vessels
were more numerous than in carcinoid tumors and
supraglottis, breast, and lung non-small cell carcino-
mas, suggesting a direct relationship between these
vessels and metastasis. In vitro studies showed that
epidermal growth factor (EGF) induced a more efficient
migration of the AE-2 lung neuroendocrine carcinoma
cell line through the purified laminin �2 chain rather
than through the laminin �1 chain and fibronectin.
AE-2 cells constitutively expressed all EGF receptors and
the �6�1 integrin, which is one of the laminin �2 chain
receptors. EGF up-regulated �6�1 expression in several
tumors. In this regard, we show that EGF increased the
chemo-kinetic migration of AE-2 cells through EAHY
endothelial monolayers, which was inhibited by the
anti-�6 integrin chain monoclonal antibody. These data
indicate that laminin �2 chain and �6�1 may be mutu-
ally involved in EGF-dependent migration of AE-2 cells

and that laminin �2 chain-positive vessels may favor
metastasis of EGF-dependent tumors. (Am J Pathol 2006,
168:991–1003; DOI: 10.2353/ajpath.2006.041310)

Metastasis is the leading cause of death in cancer pa-
tients and involves a complex multistep process includ-
ing detachment of tumor cells from the primary cancer,
invasion of surrounding tissue, entry into the circulatory
system, reinvasion, and proliferation at a distant second-
ary site. A wide variety of factors contributing to the
spread of tumor cells includes cytokines, hormones,
growth factors, cell adhesion molecules, and extracellu-
lar matrix proteins (ECMPs) such as laminins. Laminins
are a family of �-�-� heterotrimeric ECMPs, commonly
present in basement membranes of the epithelium and
endothelium. These molecules promote a number of
functions in normal and neoplastic tissues including cell
adhesion and migration via integrins, cell proliferation,
differentiation, and cell shape.1 More than 12 isoforms
are presently known and can be distinguished by their
arrangements of �, �, and � subunits, physical proper-
ties, and tissue and cell distribution; they are differentially
recognized by several integrins.1–6 Some epithelial lami-
nin isoforms provide specific contributions to promote
local tumor invasion, as reported for laminin-10 in lung
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carcinomas,3 laminin �2 chain in esophageal carcino-
mas,5 and laminin-5 in other human solid tumors.6 Lami-
nin �2 chain represents the �2 chain of laminin-21; in
normal human tissues the distribution of the laminin �2
chain is restricted to the sarcolemma, nerve sheaths,
placenta, and basement membranes of small vessels of
the central nervous system. Moreover, in reactive non-
neoplastic conditions, a proportion of capillaries of gran-
ulation tissue consists of endothelial cells and basement
membranes positive for the laminin �2 chain.1 In neoplas-
tic conditions this ECMP is expressed in hemangiomas.
�1�1, �2�1, �3�1, �6�1, �6�4, and �7�1 represent the
integrin receptors for this ECMP.4,7–12 Furthermore, we
have previously demonstrated in glioblastoma multiforme
that solid glomeruloid endothelial cell proliferations con-
sist of endothelial cells and basement membranes that,
respectively, produce and contain the laminin �2 chain.13

The restriction of the laminin �2 chain expression to en-
dothelial sprout-like structures, such as solid endothelial
cell proliferations, and to early developing capillary-like
structures, such as those of granulation tissue,1,14 sug-
gested that the up-regulation of this ECMP might be
related to early phases of development of new vessels
and, therefore, it might be considered as a marker of
early angiogenesis.13,14 We have also supported this
hypothesis by providing evidence that, on early endothe-
lial single cell cultures, gene and protein expression of
the laminin �2 chain was stronger and present in a
greater number of cells than for the laminin �1 chain.14

Furthermore, we have reported that in supraglottis carci-
nomas, laminin �2 chain-positive vessels were distrib-
uted either in the stroma or in neoplastic parenchyma, in
close contact with neoplastic cells producing vascular
endothelial growth factor (VEGF); moreover, in breast
and non-small cell lung carcinomas these vessels were
predominantly distributed in the stroma where mononu-
clear cells produce VEGF, fibroblast growth factor-2
(FGF2), and transforming growth factor-�1. These data
suggested again that laminin �2 chain-positive vessels may
represent early developing vascular structures in human

solid tumors.14 It has been reported that angiopoietin 2 and
VEGF increase permeability of the endothelium of previ-
ously existing and newly formed vessels during angiogen-
esis15; moreover, remodeling of ECMPs in basement mem-
branes of vessels is observed during angiogenesis, and
penetration of newly-formed vessels occurs during tumor
invasion and metastasis. In this regard, the metastatic ten-
dency of several human solid tumors has been directly
related to the number of cells producing VEGF rather than to
the number of vessels present in the neoplastic tissue.16,17

Therefore, we investigated whether and how laminin �2
chain expression during angiogenesis may favor transen-
dothelial migration of neoplastic cells and, possibly, metas-
tasis. To address in vitro studies on the prognostic signifi-
cance of laminin �2 chain-positive vessels we have
evaluated ex vivo, at tissue level, the presence of these
vessels in lung small cell carcinomas (SCCs) and lung large
cell neuroendocrine carcinomas (LCNCs), which represent
a human solid tumor with a rate of metastasis that is higher
than other carcinomas.18–20 Moreover, we have performed
test migration assays on a lung neuroendocrine carcinoma
cell line, named AE-2, and on a breast carcinoma cell line
from the American Type Culture Collection, Rockville, MD,
named MDA-MB231, through a purified laminin �2 chain
and other ECMPs present in vascular basement mem-
branes to establish their role in transendothelial migration of
neoplastic cells and, therefore, in metastasis.

Materials and Methods

Tissues and Procedures

Tissues

Four atypical carcinoid tumors (Table 1), five SCCs,
and four LCNCs (Table 2) were collected at surgery
during frozen section procedures. Small samples from
these tumors were immediately embedded in OCT com-
pound, snap-frozen in liquid nitrogen to avoid RNA deg-

Table 1. Laminin �2 Chain-Positive Vessels in Atypical Carcinoid of the Lung

Case VD FVIIIRA �2 �5 �6 �1 �4 Fibronectin Tenascin
Laminin
�1 chain

Laminin
�2 chain

1 SV 15 100 0 100 100 0 100 100 100 100 23
PV 85 70 0 100 100 0 100 100 100 100 50

Neoplastic
cells

0 5 0 2 100 0 0 0 0 0

2 SV 10 100 0 100 100 0 70 100 100 100 10
PV 90 80 0 100 30 0 100 100 100 100 30

Neoplastic
cells

0 2 0 5 100 0 0 0 0 0

3 SV 10 100 0 100 100 0 100 100 100 100 10
PV 90 70 0 100 100 0 90 100 100 100 100

Neoplastic
cells

0 4 0 4 100 0 0 0 0

4 SV 100 0 100 100 100 0 100 100 100 25
PV 100 80 0 100 85 0 85 100 100 100 25

Neoplastic
cells

0 5 0 6 100 0 0 0 0 0

The results are expressed as percentage of positive vessels of 200 vessels counted.
VD, vascular distribution; SV, stromal vessels; PV, parenchymal vessels.
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radation, and stored at �80°C. Tumors were classified
and graded according to the 1999 World Health Organi-
zation nomenclature.21

Immunohistochemistry

Five-�m-thick cryostat sections were cut from neoplas-
tic tissue. The sections were fixed in acetone, preincu-
bated with normal serum to prevent nonspecific binding,
and incubated with optimal dilutions of the follow-
ing monoclonal antibodies specific for FVIIIRA, CD31
(Dako A/S, Glostrup, Denmark), fibronectin (clone120.5,
IgG1mouse), tenascin (cloneT2, IgG1mouse), �2
(CD49b), �5 (CD49e), �6 (CD49f) (from Immunotech,
Marseilles, France), laminin �2 chain (merosin M chain)
(clone5H2, IgG1 mouse), and laminin clone 4E10 IgG1 �
mouse (MAB1921), which detects a conformational
epitope of B1 heterodimer (�1 chain) (Chemicon Interna-
tional Inc., Temecula, CA). The immunoreaction products
were developed using the avidin-biotin-peroxidase com-
plex method. Negative control sections were obtained
after incubation with nonimmune isotype Ig of the same
class of each antibody and by omission of the primary

antibody. Slides were counterstained with hematoxylin
and mounted for microscopic examination. The expres-
sion of the antigens was evaluated independently by two
investigators.

Evaluation of Vascularity and ECMP Expression

The number and distribution of tumor vessels were
evaluated on contiguous sections and immunostained
using immunohistochemistry with monoclonal antibodies
specific for endothelial markers such as von Willebrand
factor, FVIIIRA, CD31, and endothelial integrin chains
such as �4 (CD49d), �5 (CD49e), �6 (CD49f), and �4
(from Immunotech). Moreover, distribution of tumor ves-
sels was cross-checked using monoclonal antibodies
specific for fibronectin (clone120.5, IgG1mouse), tenas-
cin (cloneT2, IgG1mouse) (from Immunotech), laminin �2
chain (merosin M chain, clone5H2, IgG1 mouse), and
laminin (�1chain, clone 4E10 IgG1 � mouse) MAB1921
(from Chemicon International Inc.), which are known to
be ECMPs present in endothelial basement membranes.
Therefore, vascularity in neoplastic tissues was ex-
pressed as the relative number of vessels distributed

Table 2. Laminin �2 Chain-Positive Vessels in Large Cell Neuroendocrine Carcinomas (LCNCs) and in Small Cell Carcinomas
(SCCs) of the Lung

Case VD FVIIIRA �2 �5 �6 �1 �4 Fibronectin Tenascin
Laminin
�1 chain

Laminin
�2 chain

1 LCNC SV 20 100 0 20 100 0 100 100 100 100 25
PV 80 85 0 10 100 0 100 100 100 100 40

Neoplastic
cells

0 5 0 15 100 0 0 0 0 0

2 LCNC SV 20 100 0 20 100 0 100 100 100 100 20
PV 80 85 0 10 100 0 100 100 100 100 35

Neoplastic
cells

0 5 0 15 100 0 0 0 0 0

3 LCNC SV 20 100 0 20 100 0 100 100 100 100 100
PV 80 85 0 10 100 0 100 100 100 100 100

Neoplastic
cells

0 5 0 25 100 0 0 0 0 0

4 LCNC SV 25 100 0 100 100 0 100 100 100 100 10
PV 75 75 0 100 100 0 100 100 100 100 30

Neoplastic
cells

0 7 0 20 100 0 0 0 0 0

5 SCC SV 10 100 0 100 100 0 100 100 100 100 30
PV 90 75 0 100 100 0 100 100 100 100 80

Neoplastic
cells

0 6 0 15 100 0 0 0 0 0

6 SSC SV 10 100 0 100 100 0 100 100 100 100 10
PV 90 100 0 100 100 0 100 100 100 100 50

Neoplastic
cells

0 4 0 25 100 0 0 0 0 0

7 SSC SV 35 100 0 100 100 0 100 100 100 100 0
PV 65 30 0 30 100 0 100 100 100 100 30

Neoplastic
cells

0 5 0 60 100 0 0 0 0 0

8 SSC SV 20 100 0 100 100 0 25 100 100 100 60
PV 80 80 0 70 100 0 0 100 100 100 100

Neoplastic
cells

0 6 0 25 100 0 0 0 0 0

9 SSC SV 30 100 0 100 100 0 100 100 100 100 70
PV 70 20 0 30 100 0 20 100 100 100 100

Neoplastic
cells

0 5 0 20 100 0 0 0 0 0

The results are expressed as percentage of positive vessels of 200 vessels counted.
VD, vascular distribution; SV, stromal vessels; PV, parenchymal vessels.
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in the stroma and parenchyma of a total of 200 ves-
sels counted in randomly chosen fields at �400
magnification.

Cell Lines and Procedures

EAHY Endothelial Cell Line

EAHY endothelial cells22 (1 � 106/ml) were maintained
in 250-ml plastic tissue culture flasks in Dulbecco’s mod-
ified Eagle’s medium (DMEM) supplemented with 10%
fetal calf serum (FCS), sodium bicarbonate solution, L-
glutamine, HAT, and penicillin-streptomycin and were
incubated in 5% CO2 and 95% air at 37°C.

AE-2 Cell Line

AE-2 is the name given to a neuroendocrine lung car-
cinoma cell line that was kindly provided by Dr. Pier
Giorgio Natali (Istituto Regina Elena, Rome, Italy). This
cell line consists of epithelial cells measuring 20 to 35 �m
in size at their greatest dimension and present a high
nucleus:cytoplasm ratio. The AE-2 cell line was main-
tained in 250-ml plastic tissue culture flasks in RPMI
supplemented with 10% FCS, and incubated in 5% CO2

and 95% air at 37°C. The AE-2 cells are characterized by
a weak adhesion to plastic; therefore they float in the
medium either as single cells or as clusters resembling
rosette-like structures (Figure 3). The cells may be sus-
pended in the medium using a light trypsin treatment.

MDA-MB231 and MDA-MB435

MDA-MB231 and MDA-MB435 cell lines were obtained
from American Type Culture Collection, Rockville, MD.
Cells were maintained in DMEM containing 10% FCS.
Cells were lysed using RIPA buffer (1% Triton X-100,
0.5% deoxycholic acid, 0.05% sodium dodecyl sulfate,
200 mmol/L NaCl, 25 mmol/L Tris, pH 7.4, 1 mmol/L
phenylmethyl sulfonyl fluoride, 1 mmol/L NaOV4).

Antigen Expression on AE-2 and MDA-MB231 Cell
Lines

AE-2 and MDA-MB231 cell lines were maintained in
RPMI supplemented with 10% FCS, washed twice in
phosphate-buffered saline (PBS), and then suspended at
1 � 106 cells/ml in RPMI medium alone. AE-2 and MDA-
MB231 cell suspensions were immediately used to pre-
pare cytosmears using a Shandon Cytospin 3. The cy-
tosmears were dried overnight at room temperature and
then fixed in acetone, preincubated with normal serum to
prevent nonspecific binding, and incubated with optimal
dilutions of monoclonal antibodies specific for cytokeratin
(clone MNF116), NCAM (neuronal cell adhesion mole-
cule), chromogranin A, CD31 (from Dako A/S), fibro-
nectin (clone120.5, IgG1 mouse), tenascin (cloneT2,
IgG1mouse), �2 (CD49b), �3 (CD49c), �4 (CD49d), �5
(CD49e), �6 (CD49f) (from Immunotech), and laminin �2
chain (merosin M chain, clone 5H2, IgG1), laminin

(�1chain, clone 4E10, IgG1 � mouse, catalogue number
MAB1921; Chemicon International Inc.). The immunore-
action products were developed using the avidin-biotin-
peroxidase complex method. Negative controls were ob-
tained after incubation with nonimmune Ig of the same
isotype class of each specific antibody and by omission
of the primary antibody. The slides were counterstained
with hematoxylin and mounted for microscopic examina-
tion. The expression of antigens was evaluated indepen-
dently by two investigators (Figure 3).

Western Blotting Analysis of Epidermal Growth Factor
(EGF) Receptors on AE-2 and MDA-MB231 Cell Lines

For Western blotting analysis, 100 �g of protein lysate
derived from MDA-MB435 (control), AE-2, and MDA-
MB231 cell lines were separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis as previously
described.23 After electrophoresis, the proteins were
transferred to a nitrocellulose membrane at 40 V for 1
hour. Membranes were treated with specific polyclonal
antibodies (1:100) specific for EGFR, ErbB2, ErbB3, and
ErbB4, purchased from Santa Cruz Biotechnology, Santa
Cruz, CA. After washing, membranes were incubated
with horseradish peroxidase conjugated with goat anti-
rabbit serum (Santa Cruz Biotechnology). Bound anti-
body was visualized by a Supersignal West Pico chemi-
luminescence kit (Pierce, Rockford, IL) (Figure 4).

Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR) Analysis of Gene Expression Specific for
EGF Receptors on AE-2 Cell Line

AE-2 cell suspensions (1 � 106/ml) were maintained in
250-ml plastic tissue culture flasks in RPMI supple-
mented with 50 ng/ml EGF or with 10% FCS (control), and
incubated in 5% CO2 and 95% air at 37°C. Ten-ml sam-
ples of EGF-treated and of non-EGF-treated AE-2 cells
were harvested after 30 and 90 minutes in culture, were
centrifuged and the AE-2 cell pellets were homogenized
by using 1 ml of the RNA Fast RNA isolation system
(Molecular System Co., San Diego, CA). The amount of
the RNA yield was measured by optical density reading,
and only RNA samples showing an A260/A280 ratio from
1.8 to 2.0 were used to obtain cDNA. cDNA samples
were generated by reverse transcription of 10 �g of total
RNA in a solution containing 10 mmol/L Tris-HCl (pH 8.3
at room temperature), 1.5 mmol/L MgCe2, 100 �g/ml of
bovine serum albumin, fraction V, a mixture of four
dNTPs, at a concentration of 2.5 mmol/L each, oligo (dT)
primers (5 �g/ml), 20 U of placental RNase inhibitor, 100
U of Moloney murine leukemia virus reverse transcriptase
and H2O up to a 20-�l final total volume. The number of
40 cycles of PCR was assessed to synthesize the optimal
yield product using 3 �l of the cDNA solutions, obtained
from the RT products, and optimal concentration of for-
ward and reverse oligonucleotide primers as reported by
NCBI on-line service primer information: RH12420-EGFR
(140 bp): 5�: TCG,GTG,TAA,ACG,TTG,CAA,AA and 3�:
GAC,CAC,GGA,GGA,TAG,TAT,GAG,C; GDB:181407-
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Erb-B2 (148 bp): 5�: TCC,GTT,TCC,TGC,AGC, AGT,CTC,
CGC,A and 3�: AGA,GAG,CCA,GCC,CTC,TGA,CGT,
CCA,T; STS-M34309-Erb-B3 (218 bp): 5�: AAT,TCT,TAT,
GGT,ATG,TAG,CCA,GC and 3�:TTG,ACA,GTC,TGA,T-
GG,GAA,AC; RH68995-Erb-B4 (214 bp): 5�: ACC,TG-
G,CAG,ATA,CTC,AGA,AAT,G and 3�: CAT,AGT,CCC,
TGG,ATA,CCG,TTG; M10277-human �-actin (225 bp):
5�: AGC,ACA,GAG,CCT,CGC,CTT,TG and 3�: CGC,CCA,
CAT,AGG,AAT,CCT,TC.

PCR assays for �-actin were performed as a control to
assess the cDNA yield obtained from each RNA sample
enrolled in the present study. The 50-�l PCR solution
contained optimal MgCl2 (from 1 to 2.5 mmol/L) and
dNTP concentrations, previously tested dilutions of both
up- and downstream oligonucleotide primers and 0.3 U
of TaqDNA polymerase (no. 801.0046; Perkin-Elmer-
Cetus). The size of the PCR products was evaluated
by electrophoresis on a 2.5% agarose gel (Figure 5).

Kinetics of Laminin �2 Chain, Laminin �1 Chain, and
FVIIIRA Expression in the Adherent EAHY Endothelial
Cell Line

As previously reported,14 aliquots of cells (1 � 106/ml)
were harvested in three different assays and then trans-
ferred onto tissue chamber slides with nonsupplemented
DMEM, supplemented DMEM, supplemented DMEM and
10 ng/ml of VEGF, supplemented DMEM and 10 ng/ml of
FGF2, supplemented DMEM and 10 ng/ml of VEGF and
FGF2. Tissue chamber slides were harvested after 1, 3,
18, 24, 48, and 96 hours in culture for immunocytochem-
ical analysis. The proportion of adherent cells immuno-
stained for the laminin �2 chain, laminin �1 chain, and
FVIIIRA was determined by counting 200 cells at �400
magnification in randomly chosen fields. According to the
results of this kinetic study, after 18 hours in culture
adhering EAHY cells were at the same time confluent,
laminin �2 chain-positive and laminin �1 chain-negative.
Therefore, this time of culture was chosen to obtain
EAHY-coated filters in Transwell chambers to perform
test migration assays on the AE-2 line (Figure 6).

Immunofluorescence and Fluorescence-Activated
Cell Sorting (FACS) Analysis of Laminin �2 Chain
Expression in the Nonadherent EAHY Endothelial
Cell Line

Confluent EAHY cells were trypsinized, washed, sus-
pended with supplemented DMEM with 10 ng/ml of VEGF
at the concentration of 1.5 � 106 cells per ml and trans-
ferred into polycarbonate tubes. Therefore, these endo-
thelial cells were treated for different time periods (3, 12,
18, and 24 hours) with 10 ng/ml of VEGF, harvested, and
then aliquots were incubated with an appropriate dilution
of anti-laminin �2 chain monoclonal antibody (merosin M
chain), clone 5H2-IgG1, laminin (�1chain; clone 4E10
IgG1 � mouse, catalogue number MAB1921; Chemicon
International Inc.). After washing, cells were stained with
fluorescein isothiocyanate-conjugated goat anti-mouse
IgG and fluorescence was analyzed by a FACScalibur

cytofluorimeter (BD Biosciences, San Jose, CA) following
the observation of 10,000 events using CellQuest
software.

Migration Test Assays of AE-2 and MDA-MB231 Cell
Lines through Purified ECMPs

Four independent assays were performed as de-
scribed.24 In brief, blind well chemotaxis chambers (Boy-
den chamber) with 13-mm diameter polyvinylpyrrolidone-
free polycarbonate filters, 8-�m pore size, were used.
The filters were coated with human laminin-purified pro-
tein (catalog no. AG56P, Chemicon International Inc.),
which consists of a mixture of �1 chains from human
laminins, principally laminin-10. This preparation is immu-
nologically and biologically identical to intact human
laminins. Moreover, these polyvinylpyrrolidone-free filters
were coated with purified laminin �2 chain (catalogue no.
CC085, Chemicon International Inc.), and purified human
fibronectin (catalogue no. F1904, Chemicon International
Inc.). AE-2 and MDA-MB231 cell line cells were lightly
trypsinized, washed, resuspended in serum-free DMEM
at the proper concentration of 0.5 � 106/ml and used as
follows: 200-�l volumes of each cell suspension, un-
treated and pretreated with 50 ng/ml EGF from Sigma-
Aldrich Co. (St. Louis, MO), and were loaded in the upper
compartment of the Boyden chambers. In addition, 50
ng/ml of EGF were used as a chemoattractant in those
assays in which EGF pretreated AE-2 and MDA-MB231
were used, and placed in the lower compartment of the
Boyden chambers. After 3 hours of incubation at 37°C in
5% CO2, the cells were removed from the upper side of
the filters; the filters were then fixed and stained with
Diff-Quick. The results of four independent experiments
are reported as the mean � SD of the numbers of mi-
grated AE-2 and MDA-MB231 cells counted in 10 high-
power fields (�400) on the lower side of the polycarbon-
ate filters (Figure 7).

Transwell Test Migration Assay of AE-2 and MDA-
MB231 Cell Lines through EAHY-Coated Filters

Four independent experiments were performed as
already described on AE-2 and MDA-MB231 cell
lines.24 Seventy percent confluent EAHY cells were
trypsinized, washed, resuspended with supplemented
DMEM at the concentration of 1.5 � 106 cells per ml,
transferred onto the upper side of polyvinylpyrrolidone-
free polycarbonate filters (8-�m pore size), of 14 wells
of Transwell chambers (Costar catalogue no. 3403;
Corning Inc., Corning, NY) and finally incubated in 5%
CO2 and 95% air at 37°C. Two sets of polycarbonate
membranes were, respectively, prepared for the AE-2
and MDA-MB231 cell lines. Polycarbonate membranes
of four Transwell chambers remained uncoated and
loaded with DMEM medium alone. The EAHY endothe-
lial cells loaded on polycarbonate filters were checked
after 18 hours of incubation using an inverted micro-
scope and their laminin �2 chain and laminin �1 chain
expression was assessed on two polycarbonate filters
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of two Transwell chambers using specific monoclonal
antibodies with the avidin-biotin-peroxidase complex
method (ABC). Transwell test migration assays were
performed only when these cells reached more than
90% of confluence and were at the same time laminin
�2 chain-positive and laminin �1 chain-negative after
18 hours in culture (Figure 6). The DMEM medium was
removed and upper and lower chambers of the Trans-
wells were washed twice with PBS. Each experiment of
test migration assays was performed by evaluating
each of the following experimental conditions in dupli-
cate sets: 1) the lower chambers of two Transwells with
uncoated filters were filled with 2 ml of RPMI supple-
mented with 10% FCS; 2) the lower chambers of two
Transwells with uncoated filters were filled with 2 ml of
RPMI supplemented with 10% FCS and 50 ng/ml of
EGF; 3) the lower chambers of two Transwells with
EAHY-coated filters were filled with 2 ml of RPMI sup-
plemented with 10% FCS; 4) the lower chambers of two
Transwells with EAHY-coated filters were filled with 2
ml of RPMI supplemented with 10% FCS and 50 ng/ml
of EGF; 5) the lower chambers of two Transwells with
EAHY-coated filters were filled with 2 ml of RPMI sup-
plemented with 10% FCS and 5 �g of anti-�6 integrin/
CD49f clone BQ16 isotype IgG1 mouse (Dako); 6) the
lower chambers of two Transwells with EAHY-coated
filters were filled with 2 ml of RPMI supplemented with
10% FCS and 50 ng/ml EGF and 5 �g of anti-�6 inte-
grin/CD49f clone BQ16 isotype IgG1 mouse (Dako); 7)
the lower chambers of two Transwells with EAHY-
coated filters were filled with 2 ml of RPMI supple-
mented with 10% FCS and 5 �g of anti-�2 integrin/
CD49b clone BQ16 isotype IgG1 mouse (Dako); 8) the
lower chambers of two Transwells with EAHY-coated
filters were filled with 2 ml of RPMI supplemented with
10% FCS and 50 ng/ml EGF and 5 �g of anti-�2 inte-
grin/CD49b clone BQ16 isotype IgG1 mouse (Dako);
9) the lower chambers of two Transwells with EAHY-
coated filters were filled with 2 ml of RPMI supple-
mented with 10% FCS and 5 �g of anti-�5 integrin/
CD49e clone BQ16 isotype IgG1 mouse (Dako); and
10) the lower chambers of two Transwells with EAHY-
coated filters were filled with 2 ml of RPMI supple-
mented with 10% FCS and 50 ng/ml EGF and 5 �g of
anti-�5 integrin/CD49e clone BQ16 isotype IgG1
mouse (Dako). Finally, the upper chambers of two sets
of Transwells were loaded with 200 �l of 0.5 � 106/ml
of AE-2 and MDA-MB231 suspensions (Figure 8). Con-
trols consisted of consecutive tests performed as pre-
viously described in points 5, 6, 7, 8, 9, and 10, omit-
ting the anti-�6, anti-�2, and anti-�5 integrin mAbs that
were replaced with nonimmune isotype IgG1 mouse
(Dako). The test migration assays were harvested after
3 hours of incubation at 37°C in 5% CO2 and 95% air.
Each experimental condition was scored as the total
amount of cells migrated in two Transwell chambers.
The results are reported as the mean � SD of the
numbers of migrated AE-2 and MDA-MB231 cells on
the lower chamber of Transwells in four independent
experiments; each experiment includes duplicate sets
(Figure 8).

Statistical Analysis

The results are expressed as the mean � SD. The sta-
tistical evaluation of the data were performed using the
Student’s test for paired samples, with values of P � 0.05
representing the minimum level of statistical significance.

Results

Atypical Carcinoids

The four cases of lung atypical carcinoid tumor under
investigation consisted of peripheral tumors with rather
well-defined desmoplastic borders pushing the sur-
rounding tissue. The majority of the vessels (85%) was
distributed within the parenchyma being represented by
capillary-like structures in close contact with neoplastic
cells, whereas only a few vessels (15%) were present in
the peritumoral stroma. Immunohistochemistry demon-
strated that all of the stromal vessels were positive for
FVIIIRA; on the contrary, only 70 to 80% of parenchymal
vessels were immunoreactive for this antigen. Cross-
checking on contiguous sections demonstrated that all of
the stromal and parenchymal vessels had endothelial
cells immunostained by �5, �6, and �4 integrins; further-
more, their basement membranes were always immuno-
reactive for fibronectin, tenascin, and laminin �1 chain.
As far as laminin �2 chain was concerned, 23%, 10%,
10%, and 25% of stromal vessels were positive for this
ECMP; moreover, 50%, 30%, 100%, and 25% of paren-
chymal vessels were positive for this ECMP (Figure 1,
A–C). It is worth noting that in these tumors laminin �2
chain-positive vessels expressed this ECMP in endothe-
lial cells and in their adjacent basement membranes.
Furthermore, in all cases, all of the neoplastic cells were
immunoreactive for the �1 chain of integrins, whereas
only a small proportion of neoplastic cells was immuno-
reactive for the �2 and �6 chains of integrins. Finally,
neoplastic cells were negative for the �5 chain of inte-
grins, endothelial markers, and all ECMPs including the
laminin �2 chain (Table 1).

Neuroendocrine Carcinomas

The five cases of SCCs consisted of tumors with poorly
defined borders, infiltrating mediastinal lymph nodes and
soft tissues, whereas, the four cases of LCNCs consisted
of parenchymal tumors with rather well-defined borders
and foci of desmoplastic reaction. In all these neuroen-
docrine carcinomas a large proportion of vessels ranging
from 75 to 90% was distributed within the neoplastic
parenchyma and was represented by capillary-like struc-
tures in close contact with neoplastic cells. In these tu-
mors, all stromal vessels were positive for FVIIIRA,
whereas only a proportion of parenchymal vessels, rang-
ing from 20 to 85%, was immunoreactive for this antigen.
Crosschecking on contiguous sections demonstrated
that all stromal and parenchymal vessels had endothelial
cells positive for �5, �6, and �4 chains of integrins, as
well as basement membranes immunoreactive for fi-
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bronectin, tenascin, and laminin �1 chain. Moreover, as
far as the laminin �2 chain was concerned, in eight of
nine cases 25%, 20%, 10%, 30% 10%, 60%, 70%, and
100% of stromal vessels were positive for this laminin
isoform, whereas in the remaining case stromal vessels
were negative for the laminin �2 chain. In three of nine
cases of neuroendocrine carcinomas, all of the paren-
chymal vessels were laminin �2 chain-positive; in the
remaining six cases this laminin isoform was expressed
in 40%, 35%, 30%, 80%, 50%, and 30% of the vessels
(Figure 1, D–F). It is worth noting that in all these carci-
nomas laminin �2 chain-positive vessels expressed this
ECMP in endothelial cells and in their adjacent basement
membranes (Figure 1F, inset). Moreover, all of the neo-
plastic cells expressed the �1 chain of integrins; only a
proportion of them, ranging from 15 to 60%, and predom-
inantly distributed around capillary-like structures, was
immunoreactive for the �6 chain of integrins (Figure 2).
Few scattered neoplastic cells immunoreactive for the �2
chain of integrins were observed. Finally, in all tumors

neoplastic cells were negative for the �5 chain of inte-
grins, endothelial markers, and all ECMPs including the
laminin �2 chain (Table 2).

Cytology, Antigen, and Gene Expression of
AE-2 and MDA-MB231 Cell Lines

The AE-2 cell line consists of epithelial cells 20 �m to 35
�m in size at their greatest dimension, showing a high
nucleus:cytoplasm ratio. All these cells were immunore-
active for cytokeratin, clone MNF116, NCAM, and �2 and
�1 chains of integrins. Moreover, 65% and 85% of these
cells were positive for chromogranin A and the �6 chain
of integrins. NCAM and chromogranin A expression is
consistent with the neuroendocrine differentiation of this
lung tumor-derived cell line (Figure 3). Western blot anal-
ysis demonstrated that AE-2 cells express Erb-B2 and
Erb-B3 and decreased levels of EGFR and Erb-B4 (Fig-

Figure 1. Cryostat serial sections of an atypical carcinoid and of a small cell
lung carcinoma immunostained with anti-FVIIIRA (A and D), anti-laminin �1
chain (B and E), and anti-laminin �2 chain (C and F) mAbs, using the ABC
method, and counterstained with hematoxylin. In the atypical carcinoid, only
a proportion of vessels positive for FVIIIRA and laminin �1 chain also
express the laminin �2 chain, whereas in the small cell lung carcinoma, all
FVIIIRA and laminin �1 chain-positive vessels are positive for the laminin �2
chain. This ECMP was expressed both in endothelial cells and basement
membranes. Original magnifications: �250 (A–C); �100 (D–F); �400 (F,
inset).

Figure 2. Cryostat sections of an atypical carcinoid (A) and of a small cell
lung carcinoma (B) immunostained with anti-�6 integrin chain mAb, using
the ABC method, and counterstained with hematoxylin. In the atypical
carcinoid only capillary-like structures (arrowheads) are immunostained,
whereas in small cell lung carcinoma numerous neoplastic cells are positive
(arrows) and are distributed around the �6 chain-positive capillary-like
structures (arrowheads). Original magnifications, �400.
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ure 4). Western blot analysis was further supported by
gene expression for all EGFRs (Figure 5). The MDA-
MB231 cell line from American Type Culture Collection
consists of epithelial cells 30 �m to 55 �m in size at their
greatest dimension, showing a nucleus:cytoplasm ratio
lower than that of AE-2 cells. All these cells were immu-
noreactive for cytokeratin, clone MNF116, �2, �5, �6
(Figure 3), and �1 chains of integrins. Western blot anal-
ysis demonstrated that MDA-MB231 cells express EGFR,
Erb-B3, and Erb-B4 and decreased levels of Erb-B2 (Fig-
ures 4 and 5).

Kinetics of the Laminin �2 Chain Expression in
EAHY Cell Cultures

Adherent EAHY Cells

In cultures incubated with DMEM alone, adherent
EAHY cells were observed only after 24 hours, whereas in
those incubated with DMEM and 10% FCS, and 10% FCS
supplemented with VEGF, FGF2, and VEGF � FGF2, ad-
herent cells were observed as early as after 1 hour. The
proportion of adherent cells immunostained was deter-
mined by counting 200 cells at �400 in randomly chosen
fields and was independent of the medium used. Positive
immunostaining for FVIIIRA and the laminin �2 chain was
demonstrated in adherent EAHY cells as early as after 1
hour in culture. FVIIIRA displayed a finely granular,
paranuclear immunostaining pattern whereas the stain-

Figure 4. Expression of ErbB receptors in the AE-2 cell line. Western
blotting analysis demonstrates low levels of expression of EGFR, ErbB2, and
ErbB4 and a discrete amount of ErbB3. MDA-MB231 cells display a good
expression of EGFR, Erb-B3, and Erb-B4, and only a detectable expression of
Erb-B2. MDA-MB435 cells were used as a positive control.

Figure 5. RT-PCR analysis of the AE-2 cell line cultured in non-EGF condi-
tioned medium (lanes 2, 5, 8, 11, and 14) and in EGF-conditioned medium
for 30 minutes (lanes 3, 6, 9, 12, and 15) and 90 minutes (lanes 4, 7, 10,
13, and 16). Lane 1: Marker, bp 100. Gene expression for �-actin was
detected in AE-2 cells in all conditions under investigation (lanes 14–16).
Lane 17: Negative controls. Both EGF-untreated and EGF-treated AE-2 cells
show gene expression for Erb-B1 (lanes 2–4), Erb-B2 (lanes 5–7), Erb-B3
(lanes 8–10), and Erb-B4 (lanes 11–13).

Figure 3. Cytosmears of AE-2 cells immunostained with mAbs specific for
chromogranin A (A), NCAM (B), �6 integrin chain (C), and laminin �2 chain
(D), using the ABC method, and counterstained with hematoxylin. AE-2 cells
display a granular, cytoplasmic staining for chromogranin A (A); moreover,
they display cell membrane immunoreactivity for NCAM (B) and �6 integrin
chain (C). AE-2 cells are laminin �2 chain-negative (D). Adherent MDA-
MB231 cells immunostained with mAbs specific for �2 integrin chain (E), �5
integrin chain (F), �6 integrin chain (G), and laminin �2 chain (H), using the
ABC method, and counterstained with hematoxylin. MDA-MB231 cells dis-
play cell membrane immunoreactivity for all these integrins and are laminin
�2 chain-negative. Original magnifications, �250.
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ing for the laminin �2 chain was cytoplasmic, diffuse, and
coarsely granular until 48 hours in culture. Furthermore,
at the earliest intervals, the cytoplasmic immunoreactivity
for the laminin �2 chain (Figure 6B) was stronger than
that for the laminin �1 chain (Figure 6A), and after 48 and
96 hours in culture (Figure 6, C and D) displayed a cell
membrane dot-spot pattern. According to the results of
this kinetic study adhering EAHY cells were at the same
time confluent, laminin �2 chain-positive, and laminin �1
chain-negative after 18 hours in culture; therefore, this
time of culture was chosen to obtain EAHY-coated filters
in Transwell chambers to perform test migration assays
on the AE-2 line (Figure 6).

Nonadherent EAHY Cells

To further assess the synthesis of the laminin �2 chain
in the EAHY endothelial cell line within 24 hours in culture,
the expression of this laminin isoform was evaluated in
nonadherent EAHY cells either untreated or treated with
10 ng/ml of VEGF at different time intervals. Using immu-
nofluorescence and FACS analysis, we were able to de-
tect the laminin �2 chain expression level on the surface

of VEGF-treated EAHY cells after 18 hours in culture
(Figure 7E). Moreover, this laminin isoform was still
present, but with a tendency to decline after 24 hours in
culture (Figure 7F). No detectable level of laminin �2
chain expression was observed on the surface of endo-
thelial cells after 3 hours of stimulation (Figure 7C); how-
ever, this isoform was synthesized inside the cells, as
demonstrated by permeated cells. Therefore, despite the
nonadherent condition of culture, these observations in-
dicate that EAHY endothelial cells are able to synthesize
and express the laminin �2 chain on their cell surface;
this property can be directly involved in the process of
chemokinetic migration of AE-2 and MDA-MB231 cells
through EAHY-coated filters.

Test Migration Assays of AE-2 and MDA-
MB231 Cell Lines on Purified ECMPs

As shown in Figure 8A, AE-2 cells displayed a low
migration activity through uncoated membranes. The

Figure 6. Time course of positive immunostaining for laminin �1 chain (A,
C, E) and laminin �2 chain (B, D, F) in EAHY single cell cultures after 5 (A,
B), 24 (C, D), and 48 (E, F) hours. At the indicated time periods living
cultures were fixed, immunostained, counterstained with hematoxylin, and
photographed. Staining for laminin �2 chain was cytoplasmic, diffuse, and
stronger than that for laminin �1 chain at the earliest time intervals, acquiring
a dot-spot appearance after 48 hours in culture.

Figure 7. Expression of laminin �2 chain by flow cytometry in EAHY
endothelial cells. Cells stained with anti-laminin �2 chain mAb followed by
fluorescein isothiocyanate-conjugated goat anti-mouse IgG were analyzed
on 10,000 events acquired. Each histogram represents the overlay between
positive expression (green histograms) of laminin �2 chain and negative
control (blue histograms). No detectable level of laminin �2 chain was
observed on the surface of endothelial cells after 3 hours of stimulation (B),
which is however synthesized by the cells, but still inside, as demonstrated
by permeabilized cells (C). E: Expression of laminin �2 chain on the surface
of EAHY cells after a VEGF treatment of 18 hours; hence, this laminin isoform
is still present but with a tendency to decline after 24 hours of treatment.
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unstimulated AE-2 cell line migrated more efficiently
through the laminin �1 chain and fibronectin than
through the laminin �2 chain. Nevertheless, EGF-
treated AE-2 cells displayed a more efficient migration
through the laminin �2 chain-coated membranes than
through the laminin �1 chain- and fibronectin-coated
ones (P � 0.05). As shown in Figure 8B, EGF-untreated
MDA-MB231 cells displayed a low migration activity
through control uncoated membranes. This breast car-
cinoma cell line migrated more efficiently through the
laminin �1 chain- and fibronectin-coated membranes
than through the laminin �2 chain-coated ones. How-
ever, EGF treatment increased the rate of MDA-MB231
cell migration through all these purified ECMPs (P �
0.05), although the chemokinetic improvement through
the laminin �1 chain was higher than that through the
laminin �2 chain and fibronectin (P � 0.05).

Transwell Test Migration Assay of AE-2 and
MDA-MB231 Cell Lines on EAHY-Coated Filters

As shown in Figure 9A, unstimulated AE-2 cells displayed
a basal migration activity through EAHY-uncoated mem-

Figure 8. Three-hour migration test assay of AE-2 neuroendocrine carci-
noma cell line (A) and MDA-MB231 cell line (B) through nucleopore mem-
branes coated with purified laminin �2 chain, laminin �1 chain, and fibronec-
tin. Results are expressed as mean � SD of four independent experiments
evaluating each of the following experimental conditions: uncoated: migra-
tion tests were performed on unstimulated cell lines through uncoated
polycarbonate filters (control); �EGF/laminin �2 chain: migration tests were
performed on unstimulated cell lines through polycarbonate filters coated
with laminin �2 chain; �EGF/laminin �2 chain: migration tests were per-
formed on EGF-stimulated cell lines through polycarbonate filters coated
with laminin �2 chain; �EGF/laminin �1 chain: migration tests were per-
formed on unstimulated cell lines through polycarbonate filters coated with
laminin �1 chain; �EGF/laminin �1 chain: migration tests were performed
on EGF-stimulated cell lines through polycarbonate filters coated with lami-
nin �1 chain; �EGF/fibronectin: migration tests were performed on unstimu-
lated cell lines through polycarbonate filters coated with fibronectin; �EGF/
fibronectin: migration tests were performed on EGF-stimulated cell lines
through polycarbonate filters coated with fibronectin.

Figure 9. Three-hour migration test assays of AE-2 neuroendocrine cell
carcinoma line (A) and MDA-M B231 cell line (B) through confluent laminin
�2 chain-positive EAHY endothelial cells. Results are expressed as mean �
SD of four independent experiments and each experiment includes duplicate
sets. The tests were performed evaluating each of the following experimental
conditions: uncoated: Transwells with EAHY-uncoated filters and filled with
the cell suspension maintained in RPMI supplemented with 10% FCS alone;
uncoated � EGF: Transwells with EAHY-uncoated filters and filled with the
cell suspension maintained in RPMI supplemented with 10% FCS and 50
ng/ml of EGF; coated: Transwells with EAHY-coated filters and filled with the
cell suspension maintained in RPMI supplemented with 10% FCS alone;
coated � EGF: Transwells with EAHY-coated filters and filled with the cell
suspension maintained in RPMI supplemented with 10% FCS and 50 ng/ml of
EGF; coated � anti-�6 integrin: Transwells with EAHY-coated filters and
filled with the cell suspension maintained in RPMI supplemented with 10%
FCS and 5 �g of the mAb specific for the �6 chain of integrins; coated � EGF
� anti-�6 integrin: Transwells with EAHY-coated filters and filled with the
cell suspension maintained in RPMI supplemented with 10% FCS, 50 ng/ml
EGF, and 5 �g of the mAb specific for the �6 chain of integrins; coated �
anti-�2 integrin: Transwells with EAHY-coated filters and filled with the cell
suspension maintained in RPMI supplemented with 10% FCS and 5 �g of the
mAb specific for the �2 chain of integrins; coated � EGF � anti-�2 integrin:
Transwells with EAHY-coated filters and filled with the cell suspension
maintained in RPMI supplemented with 10% FCS, 50 ng/ml EGF, and 5 �g of
the mAb specific for the �2 chain of integrins; *coated � anti-�5 integrin:
Transwells with EAHY-coated filters and filled with the cell suspension
maintained in RPMI supplemented with 10% FCS and 5 �g of the mAb
specific for the �5 chain of integrins; *coated � EGF � anti-�5 integrin:
Transwells with EAHY-coated filters and filled with the cell suspension
maintained in RPMI supplemented with 10% FCS, 50 ng/ml EGF, and 5 �g of
the mAb specific for the �5 chain of integrins; coated � anti-IgG1: Transwells
with EAHY-coated filters and filled with the cell suspension maintained in
RPMI supplemented with 10% FCS and 5 �g of nonimmune isotype IgG1
mouse; coated � EGF � anti-IgG1: Transwells with EAHY-coated filters and
filled with the cell suspension maintained in RPMI supplemented with 10%
FCS, 50 ng/ml of EGF, and 5 �g of nonimmune isotype IgG1 mouse. *Not
determined in AE-2 cells because they do not express the �5 chain of
integrins.
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branes that was slightly increased by EGF, but similar to
that observed through EAHY-coated membranes in the
absence of EGF stimulation. On the contrary, EGF stim-
ulation induced an evident increase of AE-2 cell migration
through EAHY-coated membranes, which was signifi-
cantly higher than that induced through uncoated mem-
branes (P � 0.05). This indicates that EAHY endothelial
cells played a crucial role in the EGF-mediated migration
of AE-2 cells. It is worth noting that the EGF-dependent
migration of AE-2 cells through EAHY-coated mem-
branes was significantly inhibited (P � 0.05) by anti-�6
integrin mAb, although the anti-�2 integrin mAb also
induced a less efficient inhibition. Nevertheless, neither
the anti-�6 integrin nor the anti-�2 integrin mAb signifi-
cantly modified AE-2 cell migration through EAHY-coated
membranes in the absence of EGF stimulation (P � 0.05).
Altogether these observations indicate a pivotal role of
�6�1 and �2�1 in the cooperative action of endothelial
cells in AE-2 cell migration induced by EGF. In this re-
gard, the replacement of anti-�6 and �2�1 integrin mAbs
with a nonspecific IgG1a isotype mAb did not signifi-
cantly inhibit the migration either of unstimulated or EGF-
stimulated AE-2 cells through EAHY-coated membranes
(P � 0.05).

As shown in Figure 9B, unstimulated MDA-MB231 cells
displayed a basal migration activity through EAHY-un-
coated membranes that was significantly increased either
by EGF stimulation or by EAHY coating (P � 0.05). More-
over, the migration of cells through the EAHY-coated mem-
brane was further increased by EGF stimulation (P � 0.05)
suggesting a cooperative role between EAHY endothelial
cells and EGF in this process. It is worth noting that the
anti-�6 integrin mAb significantly inhibited the migration of
EGF-untreated MDA-MB231 cells through EAHY-coated
membranes (P � 0.05); on the contrary, in presence of EGF
stimulation, this antibody produced a lower inhibitory effect
on MDA-MB231 cell migration through EAHY. Altogether
these observations indicate that EGF and the �6 chain of
integrins are able to improve the migration of MDA-MB231
cells according to independent mechanisms that may sum
up their positive effects. This is demonstrated by the posi-
tive effect of EGF alone on cell migration through uncoated
membranes, and by the evidence that the inhibitory effect of
the anti-�6 chain mAb on the migration of MDA-MB231 cells
through coated membranes, was primarily reversed by EGF
stimulation. Finally, the replacement of the anti-�6 chain
mAb either with anti-�2 chain or anti-�5 chain mAbs or with
the nonspecific IgG1a isotype mAb, did not significantly
inhibit the migration either of untreated or EGF-treated
MDA-MB231 cells through EAHY-coated membranes (P �
0.05).

Discussion

It is well known that up-regulation of different epithelial
laminin isoforms provides specific contributions to tumor
growth and progression.3–6 In this regard, it has been
previously reported that in tumors, as well as in normal
tissues, basement membranes of blood vessels express
�4, �5, �1, and �1 chains indicating the presence of

laminin-8 and laminin-10, which are known to be endo-
thelial-specific laminin isoforms.1 Accordingly, in the
present study we have shown that in all SCCs and LCNCs
under investigation all stromal and parenchymal vessels
were immunoreactive for the laminin �1 chain that is a
subunit shared by laminin-1, laminin-8, and laminin-10.
Moreover, despite the relatively low number of SCCs and
LCNCs under investigation due to diagnosis usually
made on small bronchial biopsies frequently not suitable
for further frozen sampling, in all of the neuroendocrine
carcinomas we have demonstrated the presence of a
high percentage of laminin �2 chain-positive vessels. It is
worth noting that the number of laminin �2 chain-positive
vessels present in SCCs and LCNCs was significantly
higher than the number previously reported in stroma and
parenchyma of supraglottis (P � 0.01), breast (P � 0.05),
and non-small cell lung carcinomas (P � 0.05),14 all
displaying a lower rate of metastasis than lung neuroen-
docrine carcinomas. Altogether, these ex vivo observa-
tions suggest a possible direct relationship between lami-
nin �2 chain-positive vessels and the metastatic
tendency of these human solid tumors. This is further
supported by the evidence that atypical carcinoid tu-
mors, despite their numerous vessels predominantly dis-
tributed in close contact with neoplastic cells, are char-
acterized by a rate of metastasis and a percentage of
laminin �2 chain-positive vessels that are lower than
those of SCCs and LCNCs, but higher than those of
supraglottis, breast, and non-small cell lung carcino-
mas.14 Therefore, these ex vivo observations prompted
us to perform in vitro migration test assays to assess
whether the expression of the laminin �2 chain may favor
neoplastic vessel invasion more efficiently than other
laminin isoforms present in endothelial basement mem-
branes, such as laminin-1, laminin-8, and laminin-10,
sharing laminin �1 chain, but different � chains such as
�1, �4, and �5 chains.1,17,25 In four consecutive experi-
ments we observed that EGF increased chemokinetic
migration of the AE-2 cell line more efficiently through
laminin �2 chain than through laminin �1 chain and fi-
bronectin (P � 0.05). Moreover, EGF significantly in-
creased also chemokinetic migration of the MDA-MB231
control cell line through laminin �2 chain and laminin �1
chain (P � 0.05). These ECMPs represent the ligands of
�1�1, �2�1, �3�1, �6�1, and �7�1, which are up-regu-
lated or constitutively expressed in several human solid
tumors. Therefore, these observations suggest that dur-
ing angiogenesis in human solid tumors the expression of
the laminin �2 chain may increase the availability of the
specific ligands for integrins in basement membranes of
newly formed vessels. In turn, laminin �2 chain-positive
vessels may favor the adhesion of neoplastic cells and
their trans-endothelial migration more efficiently than rest-
ing vessels, expressing only other laminin isoforms and
ECMPs constitutively present in their basement mem-
branes. EGF is produced by neoplastic cells, acting as
an autocrine stimulus, and by stromal and endothelial
cells as well, acting as a paracrine stimulus.25–27 EGF
plays a crucial role in tumor growth and progression28–36

and up-regulates the expression of �6�1 and �2�1 inte-
grins in neoplastic cells of several human carcino-
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mas.37,38 AE-2 and MDA-MB231 cell lines represent in
vitro models of lung neuroendocrine and breast carcino-
mas. These cell lines are able to express all four EGF
receptors and integrins such as �6�1 and �2�1 that are
receptors for the laminin 2 isoform.1 As previously de-
scribed in this laboratory in supraglottis, breast, and non-
small cell lung carcinomas,14 we have hereby reported
that in lung neuroendocrine carcinomas, laminin �2
chain-positive vessels express this laminin subunit in
both basement membranes and adjacent endothelial
cells. Therefore, we performed migration tests on AE-2
and MDA-MB231 cell lines through monolayers of laminin
�2 chain-positive EAHY endothelial cells, to simulate
laminin �2 chain-positive vessels in vivo. These experi-
ments have shown that EGF-treated AE-2 cells migrated
significantly better through EAHY-coated membranes
than through uncoated ones (P � 0.05), indicating a
pivotal role of these endothelial cells in the EGF-depen-
dent migration of AE-2 cells. Moreover, EGF-dependent
migration of AE-2 cells through EAHY-coated mem-
branes was significantly inhibited by anti-�6 (P � 0.05)
and, at least in part, by anti-�2 integrin chain mAbs.
These observations indicate a positive role of �6�1 and
�2�1 integrins in the cooperative action of EGF and
endothelial cell monolayers favoring migration of AE-2
cells; this may be related to the ability of these integrins to
bind their ligand laminin �2 chain expressed on endothe-
lial cell monolayers. Altogether, our in vitro observations
strongly suggest a further cooperative role of EGF with
the laminin �2 chain on the chemokinetic migration of the
AE-2 neuroendocrine carcinoma cell line, and a critical
role of �6�1 and �2�1 integrins in this process as well. In
all SCCs and LCNCs under investigation a significant
proportion of neoplastic cells was �6�1-positive and fre-
quently distributed around vessels; on the contrary, in
atypical carcinoid tumors, characterized by a lower met-
astatic tendency, only few neoplastic cells were positive
for this integrin. It has been previously described in vitro
that laminin-10 enhances basal and EGF-stimulated mo-
tility of colon carcinoma cells via �3�1 and �6�4 inte-
grins.24,38 Likewise, our in vitro model of lung neuroendo-
crine carcinomas suggests that in some EGF-dependent
human solid tumors,28–32 the concomitant up-regulation
of �6�1 and �2�1 integrins and the expression of the
laminin �2 chain in newly formed vessels, may improve
the adhesion of neoplastic cells to vessels, therefore
contributing to those mechanisms promoting neoplastic
vessel invasion and metastasis. The migration of the
MDA-MB231 cell line through uncoated membranes was
increased either by EGF or by the EAHY endothelial
coating. Moreover, the anti-�6 integrin chain did signifi-
cantly inhibit the migration of the MDA-MB231 cell line
through endothelial-coated membranes only in absence
of EGF stimuli. These observations indicate that EGF and
laminin �2 chain-positive endothelial cells may indepen-
dently promote the chemokinetic activity of this cell line.
This hypothesis is supported by the evidence that the
anti-�6 integrin chain mAb did not significantly inhibit the
migration of EGF-treated MDA-MB231 cells through en-
dothelial-coated membranes. However, these observa-
tions also suggest that, independently of an EGF-depen-

dent up-regulation of �6�1, EGF stimulation and laminin
�2 chain-positive vessels may sum up their effects, thus
increasing the metastatic potential of breast carcinomas.
This phenomenon could be related to the described
pathogenic role of HER-2/NEU-EGF receptor up-regula-
tion and to the constitutive high expression of �6�1 in
these tumors. We therefore propose that, according to
the neoplastic model hereby discussed, the cooperative
role of EGF and laminin �2 chain-positive vessels may
account for the metastatic tendency of human solid tu-
mors, either dependently or independently of integrin
up-regulation. Further studies at tissue level and on other
neoplastic models must be performed to establish to
what extent laminin �2 chain-positive vessels may be
considered as a new prognostic indicator. EGF induces a
VEGF release from neoplastic cells; therefore, both
factors mutually support tumor angiogenesis, growth,
and progression.39,40 Accordingly, new therapeutic ap-
proaches are on trial to assess the therapeutic effects
of recombinant mAbs specific for EGFRs,41–45 VEG-
FRs,46–48 and VEGF49–51 in the treatment of human solid
tumors such as lung, ovarian, renal, and colorectal can-
cer. The possible cooperative role of EGF and laminin �2
chain in the metastatic process may contribute to the
rationale of new therapies of the metastatic disease in
carcinomas.
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