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Objective: To relate the invasive properties of dif-
ferent squamous cell cancer cell lines to the function
and expression of the integrins. Study Design: A series
of in vitro and in vivo experiments were designed to
assess and compare integrin expression and function
in two different head and neck squamous cell carci-
noma cell lines. Methods: Invasive properties of two
squamous cell carcinoma cell lines (UM-SCC-1 and
JHU-022-SCC) were assessed using an in vitro artifi-
cial matrix assay as well as an in vivo system with
orthotopically implanted tumor cells in mice. Whole
cell and surface expression levels of integrin subunits
(alpha2, alpha3, alpha5, alpha6, beta1, and beta4)
were determined for each cell line using Western blot
analysis and flow cytometry. We compared the ability
of JHU-022-SCC and UM-SCC-1 cells to bind the extra-
cellular matrix elements collagen IV, fibronectin,
laminin 5, and laminin10 using an in vitro adhesion
assay. Contributions of the different integrins to the
adhesive properties were determined by selective an-
tibody blocking of different subunits. Results: The
UM-SCC-1 cell line is 50% more invasive in vitro and
displays a greater propensity for perineural and lym-
phatic invasion in vivo. The UM-SCC-1 cells exhibited
greater adherence to fibronectin than JHU-022-SCC
cells. Alpha6 and beta4 expression is approximately
twofold greater in the JHU-022-SCC cells. Alpha2, al-
pha3, and beta1 expression appears to be upregulated
in UM-SCC-1 cells. Conclusion: The UM-SCC-1 carci-
noma cells are more invasive than JHU-022-SCC cells
and may be related to differential expression of the
integrins alpha6beta4, alpha3beta1, and alpha2beta1.
Key Words: Integrin, head and neck cancer, laminin,
collagen IV, fibronectin.
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC)

accounts for the largest single group of cancers of the
upper aerodigestive tract. Spread of these tumors can
occur through direct extension to adjacent structures,
lymphatic invasion with involvement of regional lymph
node basins, and perineural invasion. Perhaps not as
well recognized as other modalities, perineural spread
is also important because its presence portends a worse
prognosis.1

Despite histological similarities, head and neck squa-
mous cell carcinomas exhibit different biological behav-
iors. Whereas some tumors are more aggressive with rel-
atively early lymphatic and perineural involvement, these
remain late findings in less aggressive tumors. Integrins
may play a role in the differential behavioral patterns of
head and neck squamous cell carcinomas.

Integrins are protein heterodimers composed of non-
covalently associated transmembrane alpha and beta sub-
units. They can be found intracytoplasmically or along the
cell surface. To date, approximately 16 alpha and 8 beta
subunits have been identified.2 These subunits combine to
form receptors that are able to bind components of the
extracellular matrix.

Integrins have important roles in multiple biological
processes including cellular aggregation, growth, differen-
tiation, migration, and apoptosis.3 More recently, they
have been shown to play significant roles in malignant
tumor migration, extension, and metastasis.3–6 We sought
to investigate whether the differential functional expres-
sion of integrins could account for the different behavioral
characteristics of HNSCC.

MATERIALS AND METHODS

Cell Culture and Materials
The human squamous cell cancer cell line UM-SCC-1 (from

the University of Michigan) was cultured on 10-cm culture plates
using Dulbecco’s modified Eagle’s medium (DMEM) containing
10% fetal bovine serum (FBS). A second squamous cell cancer cell
line, JHU-022-SCC (kindly provided by Wayne Koch, Johns Hop-
kins University), was cultured using Roswell Park Memorial
Institute (RPMI) medium supplemented with 10% FBS and 1%
glutamate. Cell cultures were harvested at 70% to 80% conflu-
ence using a short, 2.0-mL trypsin treatment (0.25% trypsin with
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1.0 mmol/L ethylenediamine tetra-acetic acid [EDTA]). The addi-
tion of 5.0 mL DMEM neutralized the trypsin. Centrifugation for
2 minutes at 500g (4°C) allowed separation of the cells.

Antibodies against integrin subunits used for the adhesion
assay included mouse monoclonal antibodies to alpha2 (P1E6,
Chemicon), alpha3 (P1B5, Chemicon), alpha5 (P1D6, Chemicon),
alpha6 (GoH3, Pharmingen), beta1 (6S6, Chemicon), and beta4
(ASC-3, Chemicon). Antibodies against integrin subunits used for
Western blot analysis (included alpha2 (sc-6586, Santa Cruz),
alpha3 (sc-6592, Santa Cruz), alpha5 (Transduction Laborato-
ries), alpha6 (A33, kindly provided by Arnoud Sonnenberg of the
Netherlands Cancer Institute), alphaV (VNR 139, Chemicon),
beta1 (HB1.1, Chemicon), and beta4 (439-9B, Pharmingen). An-
tibodies against integrin subunits used for fluorescence-activated
cell sorter (FACS) analysis included alpha2 (AK-7, Pharmingen),
alpha3 (C3 II.1, Pharmingen), alpha5 (IIA1, Pharmingen), alpha6
(GoH3, Pharmingen), alphaV (VNR139, Chemicon), alphaVbeta6
(E7P6, Chemicon), beta1 (6S6, Chemicon), beta3 (B3A, Chemi-
con), and beta4 (ASC-3, Chemicon).

Migration Assay
We measured tumor cell migration along purified extracel-

lular matrix (ECM) components collagen IV and laminin 5 (pro-
vided by Kaoru Miyazaki, PhD, Yokohama City University), us-
ing a modified Boyden chamber (Neuroprobe, Bethesda, MD). An
8-�m filter was precoated with the study ligand at a concentra-
tion of 0.5 �g/mL for 1 hour. The lower well of the Boyden
chamber was filled with serum-free medium containing 0.1%
bovine serum albumin (BSA). Fifty microliters of cell suspension
was added to the upper chamber and then incubated for the
indicated time at 37°C. The tumor cell suspensions were also
incubated with antibodies directed against different integrin sub-
units. Cells on the top of the filter were removed by wiping, and
the filter was fixed in 1% formaldehyde in phosphate-buffered
saline (PBS). Migrated cells were then stained with 1% crystal
violet, and nine randomly chosen fields from triplicate wells were
counted at original magnification �400.

Orthotopic Mouse Model
One hundred microliters of PBS containing 5 million tumor

cells were injected into the cervical subcutaneous tissues of the
4-week-old athymic nude female mice (Harlan Sprague-Dawley).
Eight mice were injected with UM-SCC-1 cells, and seven mice
were injected with the JHU-O22-SCC cells. The mice were killed
at 30 days.

All specimens were harvested in an identical fashion. Five
coronal sections of the lower jaw and cervical region of each of the
mice were harvested in an anterior to posterior direction. An
experienced, board-certified pathologist specializing in head and
neck tumors systematically evaluated representative slides pre-
pared from each of the specimens in a blinded fashion. The
presence or absence of perineural invasion was determined. Dur-
ing histological evaluation, a tally was kept from each specimen
for evidence of lymphatic and vascular invasion.

Adhesion Assay and Blocking Assay
The ECM components studied were collagen IV, fibronectin,

vitronectin, and laminin 1 (all from Becton Dickinson); laminin 5
(conditioned medium); and laminin 10 and laminin 11 (Gibco).
Subunits of interest included alpha2, alpha3, alpha5, alpha6,
alphaV, beta1, and beta4. Seventy-five microliters of each ligand
at a concentration of 10 �g/mL was used to coat wells of
Immulon-4 (Dynatech Laboratories) enzyme-linked immunosor-
bent assay (ELISA) 96-well plates and incubated for 1 hour at
37°C. One percent BSA was the negative control. Excess ligand
was aspirated, and each well was washed with PBS. Two hundred

microliters DMEM with 0.1% BSA was added to each test well
and incubated for 1.5 hours at 37°C. Excess DMEM was aspi-
rated, and 2 � 105 cells were incubated in each test well for 35
minutes at 37°C.

For the antibody inhibition assay, an equal volume of the
blocking antibody was added to the cell solution to achieve a final
antibody concentration of 10 �g/mL and incubated on ice for 1
hour before adding the cell suspension to each microwell.

Five washes with 200 �L PBS were followed by fixation with
100 �L 1% formaldehyde for 15 minutes. The formaldehyde was
aspirated, and the adherent cells were stained for 20 minutes
with 60 �L per well of 2% crystal violet in PBS. The plates were
washed with distilled H2O until all BSA wells were clear. The
wells remained inverted overnight. The cells were lysed with 100
�L 2% SDS per well for 30 minutes, and the optical density (OD)
of each well was 562 nm. We applied Student t test to compare the
ability of JHU-022-SCC and UM-SCC-1 cells to adhere to the
substrate before and after incubation with blocking antibodies.

Western Blot Analysis
Seventy percent confluent cell cultures on 10-cm plates were

washed with calcium-free PBS. Two hundred microliters of lysis
buffer (0.5% Triton, 50 mmol/L Tris [pH 7.5], and 1.0 mmol/L
MgCl2 with fresh 1.0 mmol/L phenylmethylsulfonyl fluoride
[PMSF] and 1.0 mM/L N-ethylmaleimide [NEM]) were added to
each plate and swirled gently for 30 minutes. A cell lifter was
used to scrape the plate, and the whole cell lysate was placed in
a Microfuge tube and centrifuged for 5 minutes at 14,000g. The
supernatant was aspirated, and aliquots of 30 �g of protein were
obtained by standardizing the samples using the Pierce assay.

Thirty micrograms of whole cell lysate from each cell were
prepared by adding sample buffer and heating at 95°C for 3
minutes. The samples were cooled to room temperature, loaded
onto 7% resolving sodium dodecyl sulfate polyacrylamide gels
(SDS-PAG), and run at 130 V for approximately 60 minutes.
Semidry mini protein transfer to membrane filters (Immobilon-P
membranes) was performed at 13 V for 31 minutes with a max-
imum current limit set at 5.5 mA/cm2.

Enhanced chemiluminescence (ECL) detected proteins
along the Immobilon-P membranes. The membranes were first
blocked overnight using a 5% blocking solution (5% powdered
milk in Dulbecco’s-PBS with 0.1% Tween). Three 10-minute
washes (0.1% Tween in Dulbecco’s-PBS) were followed by incu-
bation for 1 hour with the primary antibody diluted with the
blocking solution. A second set of three washes was followed by an
hour-long incubation with the appropriate horseradish peroxi-
dase (HRP) conjugated secondary antibody. A third set of washes
was followed by incubation with the detection solution (Amer-
sham) for 1 minute. The membranes were then exposed to x-ray
film for signal detection.

Fluorescence-Activated Cell Sorter Analysis
Flow cytometric analysis was performed on cells from each

of the two cell lines. Cultured cells of 70% to 90% confluence were
harvested by brief trypsinization (0.25% trypsin and 1 mM/L
EDTA) for approximately 2 minutes. One million cells were re-
suspended in 200 �L phosphate-buffered saline–fetal calf serum
(PBS-FCS).

Primary antibody was added to each cell solution to a final
antibody concentration of 2.5 �g/mL. The cells were incubated on
ice for 1 hour followed by three 200-�L PBS-FCS washes. The
secondary antibody was added, and the solution was incubated on
ice for 30 minutes. Four 200-�L washes with PBS-FCS were
performed. Propidium iodide was added to a final concentration of
1 �g/mL. The cells were then resuspended in 500 �L PBS-FCS
and loaded into the FACS machine.
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RESULTS

Migration Assay
In Figure 1A and B, migration of the tumor cell lines

JHU-022-SCC and UM-SCC-1 on type IV collagen (10
�g/mL) is compared. There was no difference in migration
along collagen IV. The JHU-022-SCC cell line demon-
strated approximately 50% diminished migratory capacity
on laminin 5 compared with UM-SCC-1 cells.

Adhesion Assay
The optical density obtained for collagen IV binding

was used as a reference point and set at 100%. Adhesion of
the cell lines to different ECM components was compared
with collagen IV and expressed as a percentage. These
results are illustrated graphically in Figure 2. No differ-
ences in collagen IV adhesion were seen for JHU-022-SCC
versus the UM-SCC-1 cell lines. A difference in adhesion
to fibronectin was evident between the cell lines (by Stu-
dent t test, P �.004). Neither cell line demonstrated sig-
nificant adhesion to BSA, vitronectin, or laminin 1 (Fig. 2).
However, adhesion to laminin 5 as well as laminin 10 and
laminin 11 ECM components was comparable to or super-
seded that of collagen IV.

Incubating the cell lines with blocking antibodies to the
beta1 subunit decreased adhesion of both cell lines to colla-
gen IV (by Student t test, P �.007 for UM-SCC-1 and P
�.004 for JHU-022-SCC) (Fig. 3A) as well as fibronectin (by
Student t test, P �.004 for UM-SCC-1 and P � .007 for
JHU-022-SCC) (Fig. 3B). Exposure of UM-SCC-1 cells to
alpha2 and alpha5 blocking antibodies decreased adhesion
to collagen IV (P �.011) (Fig. 3A) and fibronectin (P �.05)
(Fig. 3B), respectively. The JHU-022-SCC cells exhibited
decreased binding to collagen IV (Fig. 3A) as well as fibronec-
tin (Fig. 3B) after incubation with blocking antibodies to the
alpha2 (P �.007) and alpha5 (P �.019) chains, respectively.
In addition, blocking antibodies to the alpha3, alpha6, beta1,

and beta4 integrin subunits did not decrease cellular adhe-
sion to laminin 10 and laminin 11 (Fig. 4).

Western Blot and Enhanced Chemiluminescence
Analysis

Semiquantitative analysis of whole cell expression of
the different integrin subunits using Western blot analy-
sis with ECL immunodetection revealed increased whole
cell expression of alpha2, alphaV, and beta1 for the UM-
SCC-1 cells. Representative Western blots comparing al-
pha6 and alphaV expression in the UM-SCC-1 versus
JHU-022-SCC cell lines are shown in Figure 5. Because of
the number of integrins compared, we present the findings
in summary form in Table I. Similar expression levels
between the cell lines were detected for the alpha3 sub-
unit (Table I).

Fluorescence-Activated Cell Sorter Analysis
Quantitative analysis of cell surface integrin expres-

sion reveals levels of alpha6 and beta4 subunits for the
JHU-022-SCC cell line approximately twice that of UM-
SCC-1 cells. This is illustrated in Table II. Conversely, cell
surface expression of alpha2, alpha3, alpha5, and alphaV-
beta6 was doubled in the UM-SCC-1 cells. Significant
differences in expression were not seen for the alphaV,
beta1, or beta 3 subunits (Table II).

In Vivo Assay and Orthotopic Mouse Tumor
Transplant

All mice transplanted with tumor cells developed tu-
mors. Growth rates exhibited wide variation and, overall,
were similar between the two groups of tumors. Signifi-
cant differences in tumor size were not seen with mice
transplanted with the UM-SCC-1 tumor cells versus the
JHU-022-SCC cells (111 � 31 cm2 vs. 107 � 53 cm2,
respectively (Table III).

Fig. 1. Comparison of the migratory capabilities of the cell lines UM-SCC-1 and JHU-022-SCC on (A) 10 �g/mL collagen IV versus (B) 10
�g/mL laminin 5. JHU-022-SCC migration along the laminin 5 substrate is diminished compared with UM-SCC-1.
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Vascular invasion was present on histological evalu-
ation of tumors from the both the UM-SCC-1 and the
JHU-022-SCC injected mice (Table III). Regional meta-
static lymphadenopathy, although more evident on exam-
ination of tumor specimens from mice injected with the
UM-SCC-1 cells, was also present in tumors specimens
from the JHU-022-SCC injected mice (Table III). Perineu-
ral invasion with tumor growth within the nerve sheath
(Table III) was clearly seen in a UM-SCC-1 derived tumor.
We found no evidence of perineural spread in tumors from
the JHU-022-SCC cell lines at 30 days.

DISCUSSION
Squamous cell carcinoma of the head and neck is a

heterogeneous condition with a variety of clinical presen-
tations. Although microscopic similarities are apparent
between tumor types, their behavior can exhibit wide vari-
ability. Some tumors are characterized by slow enlarge-
ment with late lymphatic involvement, and others exhibit
more aggressive behavior with early lymphatic spread,
rapid growth, and varying propensities for extension to
adjacent structures such as nerves and blood vessels. An-
atomical factors such as the density of lymphatics in the
site of origin partially explain these differences. It is likely
that factors inherent to tumors contribute as well.

Specific patterns of integrin expression may play a
role in these differences. Integrins are heterodimeric mol-
ecules expressed on a cell’s surface. They are required for
many of cellular processes. These molecules have demon-
strated importance in cell growth and differentiation,7

tissue repair,8 intracellular signaling,7 and tumorogen-
esis.3 Differences in integrin function have already been
noted in malignant versus nonmalignant tissue types.
Downregulation of collagen IV and laminin binding has
been demonstrated in carcinomas when compared with
their normal epithelial cell counterparts.9

Comparing tumors with different behaviors allows
correlation of tumor invasiveness with integrin expression
and function. The cell lines were chosen based on previous
studies that demonstrated contrasting invasive properties
of UM-SCC-1 derived tumors versus those from JHU-022-
SCC cells. Previous work by Simon et al.10 in 1998 re-
ported muscular, vascular, and perineural invasion by
UM-SCC-1 derived tumors but not JHU-022-SCC tumors
30 days after both were injected into the cervical subcu-
taneous tissues of mice. Further evidence that the UM-
SCC-1 and JHU-022-SCC tumor lines differed in proper-
ties came from earlier unpublished observations of

Fig. 2. Adhesion of the UM-SCC-1 cells to microwells coated with
10 �g/mL of the extracellular matrix substrates collagen, fibronec-
tin, vitronectin, laminin 1, laminin 5, and laminin 10 and laminin 11
with bovine serum albumin as a control. Adhesion to the different
substrates is compared with collagen and expressed as a percent-
age of binding to collagen. JHU-022-SCC exhibited diminished
adhesion to fibronectin compared with UM-SCC-1 cells (Student t
test, P �.004).

Fig. 3. (A) A reduction in binding to collagen by UM-SCC-1 cell in
the presence of alpha2 (Student t test, P �.011) and beta1 (P �.007)
inhibitory antibodies. JHU-022-SCC exhibited decreased adhesion
to collagen in the presence of alpha2 (P �.007) and beta1 (P �.004)
inhibition. (B) Decreased adhesion of UM-SCC-1 cells to fibronectin
in the presence of alpha5 (P �.05) and beta1 (P �.004) chain
inhibition. A decrease in adhesion to fibronectin is exhibited by the
JHU-022-SCC after exposure to alpha5 (P �.019) and beta1 (P
�.007) inhibition antibodies. Bovine serum albumin was used as a
control.
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increased ability of the UM-SCC-1 cell to invade an arti-
ficial matrix system.10

We compared tumor cell migration and adhesion us-
ing in vitro systems, as well as tumor invasion using the
previously established in vivo model. Differences in be-
havior of the tumors could be compared with the expres-
sion of integrins as determined by Western blot or FACS
analysis. Of particular interest to us were the receptors
allowing tumor cell interaction with laminin-5. Multiple
tumor types including HNSCC mucosal tumors produce
laminin 5.11�13 Overexpression of laminin 5 has been
associated with more invasive tumor fronts,13 and an in-
creasingly irregularly staining pattern for laminin 5 has
been observed as tumors progressed from dysplasia to
frank carcinoma.14 Ono et al.15 have described an associ-
ation between the presence of laminin 5 and increased
tumor invasiveness. In addition, more aggressive tumors
that have exhibited perineural invasion have demon-
strated increased laminin 5 staining.16 Tumor cell inter-
action with laminin 5 is likely to play a major role in
tumor aggressiveness and progression.

The JHU-022-SCC cells exhibited diminished motil-
ity along laminin 5 compared with the UM-SCC-1 cells
(Fig. 1B). It is unlikely that the differential was due to a
motility defect because migration of JHU-022-SCC along
collagen IV was unaffected (Fig. 1A). More likely, interac-
tions with laminin 5, mediated through unique receptor
mechanisms, accounted for these findings. Classically de-
scribed receptors for laminin 5 include alpha2beta1,
alpha3beta1, and alpha6beta4. The alpha3 and alpha2
receptors subunits have demonstrated roles in cellular
motility.17

The alpha3beta1 receptor is probably required for cell
spreading on laminin 5 and may contribute to weaker
interactions with other ECM components.17,18 Cellular
motility may be regulated through linkages with CD151
and phosphatidylinositol 4-kinase.19 The alpha2beta1 re-
ceptor has recently been described as a receptor for lami-
nin 5 and may also play a role in cell motility on this.20

Alpha3 and alpha2 subunits were both underex-
pressed by the JHU-022-SCC cell line compared with UM-
SCC-1 cells. The reduced subunit levels probably indicate
decreased alpha3beta1 and alpha2beta1 integrin levels
limiting interaction with laminin 5. This difference in cell
surface expression was confirmed by FACS analysis and
may help to explain the differential motility patterns
observed.

As an alternative, the alpha6beta4 receptor could
have contributed to the lack of migration of the JHU-022-
SCC cells along laminin 5. The alpha6beta4 receptor is
required during intercellular interactions, as well as to
promote cellular stability.21 The alpha6beta4 integrin is
thought to be primarily responsible for cell anchoring to
laminin 5 through the formation of hemidesmosomes.22,23

We found lower levels of the alpha6 and beta4 subunits in
the more aggressive UM-SCC-1 cell line by both Western
blot and FACS analysis. These findings may suggest a
lack of the dermal-epidermal adhesive structure provided
by hemidesmosome formation in this cell line. The lack of
the alpha6beta4 receptor has already been associated
with increased tumor progression23,24 and poorer tumor
differentiation.6 In our studies, the lack of this receptor
may have contributed to a more migratory and aggressive
phenotype.

Studies of in vitro adhesion demonstrated similar
binding for both cell lines on collagen IV, laminin 5, and

Fig. 4. Adhesion of UM SCC1 and JHU 022 cells lines to the laminin
10 and laminin 11 substrate remained unchanged despite the pres-
ence of blocking antibodies to the integrin subunits alpha3, alpha6,
beta1, and beta4 (P �.05).

Fig. 5. Western blot comparisons of
JHU-022-SCC versus UM-SCC-1 (A) al-
pha6 and (B) alphaV expression. Shown
is a representative Western blot analysis
detecting whole cell expression of al-
pha6 and alphav in JHU-022-SCC and
UM-SCC-1 cell lines.
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laminin 10 and laminin 11. Differences in adhesion to
fibronectin were evident, with the UM-SCC-1 cells exhib-
iting greater attachment. The integrin alphaVbeta6 plays
an important role in fibronectin attachment.25 Flow cy-
tometry analysis of alphaVbeta6 demonstrated an approx-
imate doubling of this particular integrin’s levels in the
UM-SCC-1 cell line compared with JHU-022-SCC. An in-
creased alphaVbeta6 could explain the greater affinity of
the UM-SCC-1 cells for fibronectin.

Decreased adhesion of both cell lines to collagen IV
and fibronectin in the presence of blocking antibodies to
the alpha3 and alpha5 integrin subunits, respectively,
suggests that these subunits are also important for both
collagen IV and fibronectin adhesion. Blocking antibodies
selective for the beta1 subunit demonstrated that this
receptor subunit also plays a major role in collagen IV and
fibronectin adhesion.

Interestingly, laminin 10 and laminin 11 adhesion by
both cell lines remained unaffected by inhibiting function
of the classic laminin binding subunits alpha3, alpha6,
beta1 or beta4. These findings suggest as yet unrecognized
mechanisms for binding to this substrate.

An interesting finding was the UM-SCC 1 cell line
expression of the alpha2, alpha3, and alpha5 subunits,
which was twice that of the JHU-022-SCC cell line by
FACS analysis. This quantitative difference probably rep-

resents a cell surface phenomenon only for the alpha3
subunit because Western blot analysis suggested equal
total cell levels of this integrin component. Nevertheless,
the elevated surface levels of the alpha2 and alpha3 re-
ceptors (by FACS) correspond to the increased motility of
the UM-SCC-1 cell line on laminin 5, probably through the
use of the alpha3beta1 or alpha2beta1 receptor, or both.

Summary
The UM-SCC-1 and JHU-022-SCC head and neck

squamous cell carcinoma cell lines have different invasive,
migratory, and adhesive capabilities that may be ex-
plained in part by their patterns of cell surface receptors.
Integrin expression and function may predict tumor be-
havior. In these studies, greater expression of the alpha6
and beta4 subunits and, presumably, the alpha6beta4
receptor was associated with a less invasive squamous cell
carcinoma phenotype. Tumor migration along laminin 5
was seen with the receptors alpha3beta1 and
alpha2beta1. An elevated level of the alphaVbeta6 recep-
tor was associated with greater affinity for fibronectin.
Further studies are needed to assess a wider variety of
squamous carcinomas, their behavior, and their receptors.

CONCLUSION
A tumor’s ability to spread along different matrix

components may depend on a shift in the balance between
stabilizing and motility forces. Although many cell types
interact with collagen and other ECM components, simi-
lar associations between increased invasiveness of tumor
fronts and along neural structures have only been demon-
strated for the laminin 5substrate. It is likely that the
laminin 5 motility receptors play a major role in the cell’s
ability to invade along this substrate in vitro and possibly
in vivo. As an alternative, hemidesmosome formation be-
tween cells would tend to promote a nonmigratory pheno-
type. The alpha6beta4 receptor may act to limit invasion
and migration even in the presence of laminin 5 and the
appropriate migration receptors.

Differential integrin expression and interactive capa-
bilities of tumors with the ECM may in part explain the
different invasive properties. Future clinical application of
this information may include targeting these interactions
in an attempt to limit tumor spread or promote tumor
anchorage and stability.

TABLE I.
Summary of Whole Cell Expression Levels of Different Integrin

Subunits as Determined by Western Analysis.*

Integrin
Subunit

Cell Type

SCC-1 022

Alpha2 ��� ��

Alpha3 �� ��

Alpha6 �� ����

AlphaV �� ���

Beta1 ���� ���

Beta4 �� ���

*Relative expression of each integrin subunit is shown by � or � as
determined by Western blot analysis. This is a semiquantitative measure of
only whole cell integrin expression.

†Semiquantitative measurement of the whole cell integrin expression.
Visual assessment of signal intensity after enhanced chemo-luminescence
detection and autoradiography.

TABLE II.
Quantitative Analysis of Cell Surface Expression of Different Integrin Subunits as Determined by FACS.*

Cell Line

Integrin Subunit†

�2 �3 �5 �6 �V B1 B3 B4 �VB6 Control

SCC-1 352 327 17.2 273.8 58.3 378.6 5.1 254.8 35.2 (3.9)

022 133 220 11.1 604.3 83.5 283.9 6.5 421.7 19.1 (2.6)

Factor‡ �0.5� �0.5� �0.5� �2� ND ND ND �2� �0.5� (ND)

*Flow cytometry, determined cell surface expression levels of integrin subunits �2, �3, �6, �V, B1, B3, B4, �VB6 in the JHU 022 SCC and UM SCC1 cell
lines. Numerically represented (arbitrary units) in each row is the peak area under the curve obtained by FACS analysis. The control group contained cells that had
not been exposed to anti-integrin antibodies.

†Numbers represent the flow cytometry peak area under the curves (arbitrary units).
‡Approximate multiple of JHU-022-SCC subunit expression relative to UM-SCC-1.
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