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Abstract Phenotypic changes resembling an epithelial-to-mesenchymal transition often occur as epithelial cells
become tumorigenic. Two proteins that have been implicated in this process are vimentin and N-cadherin. In this study,
we sought to establish a link between expression of vimentin and N-cadherin as oral squamous epithelial cells undergo
a morphologic change resembling an epithelial-to-mesenchymal transition. We found that N-cadherin and vimentin
did not influence the expression of one another. J. Cell. Biochem. 78:141–150, 2000. © 2000 Wiley-Liss, Inc.
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Intermediate filaments are complex cy-
toskeletal arrays that are prevalent in the pe-
rinuclear region where they form a cage that
surrounds and appears to position the nucleus.
Continuous with this perinuclear array, inter-
mediate filaments extend radially through the
cytoplasm, eventually forming close associa-
tions with the cell surface. Frequently these
membrane associations are concentrated in re-
gions containing desmosomes, hemidesmo-
somes, and other types of cell-adhesion struc-
tures [Reviewed in Schwarz et al., 1990; Fuchs
and Weber, 1994; Heins and Aebi, 1994;
Klymkowsky, 1995].

Intermediate filaments are composed of
highly elongated fibrous proteins that have an
amino-terminal head domain, a carboxyl-
terminal tail domain, and a central rod struc-
ture. Intermediate filament proteins are highly
diverse, ranging in molecular weight from
40,000 to 200,000 Da. Intermediate filament
proteins are expressed in a tissue- and cell-
type–specific manner with epithelial cells ex-
pressing keratins, mesenchymal cells express-

ing vimentin, and neuronal cells expressing
proteins of the neurofilament family.

The organization of the cytoskeletal net-
work suggests that intermediate filaments
are involved in numerous cellular functions,
including maintenance of cell shape. This is
supported by several studies. For example,
point mutations in keratin genes result in
blistering skin diseases, which are accompa-
nied by phenotypic alterations in individual
keratinocytes [reviewed in Fuchs, 1995]. The
classic epithelial-to-mesenchymal transition
that is essential to normal mammalian devel-
opment is hallmarked by a change from cyto-
keratin expression to vimentin expression
and is accompanied by loss of tight cell-cell
adhesion and acquisition of a fibroblastic
morphology [Hay and Zuk, 1995]. Recently it
was shown that exogenous expression of vi-
mentin in human breast cancer cells resulted
in conversion from an epithelial to mesenchy-
mal phenotype, reminiscent of the intercon-
versions that occur during development [Hen-
drix et al., 1997].

Numerous studies have demonstrated that
increased expression of vimentin in carcinomas
correlates with parameters of malignant poten-
tial such as tumor grade and survival incidence
[reviewed in Hendrix et al., 1996]. Carcinomas
reported to consistently express vimentin in-
clude those of the kidney, endometrium, thy-
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roid, lung, ovary, salivary gland, breast, and
prostate [Iyer and Leong, 1992]. Unlike the
polarized epithelial cells of glandular-derived
tumors, squamous carcinoma cells have been
thought to express only keratin. However, clin-
ical studies have shown that vimentin is ex-
pressed in these tumors in vivo, and that vi-
mentin expression correlates with poor
prognosis [Raymond and Leong, 1989; Doma-
gala et al., 1990; Iyer and Leong, 1992]. A re-
cent study by Tomson et al. [1996] has shown
that expression of vimentin by squamous car-
cinoma cells coincides with loss of both
anchorage-dependent growth and the cell-cell
adhesion molecule E-cadherin.

In a previous study, we showed that expres-
sion of N-cadherin by oral squamous epithelial
cells resulted in down-regulation of E-cadherin
and an apparent epithelial-to-mesenchymal
transition [Islam et al., 1996]. Because
N-cadherin is a cadherin family member fre-
quently expressed by mesenchymal cells, we
hypothesized that in squamous epithelial cells
expression of vimentin would correlate with
expression of N-cadherin.

Human squamous cell carcinoma cell line
SCC1 cells had an epithelial morphology, did not
express vimentin and had low expression of
N-cadherin. On the other hand, SCC11B cells
had a scattered, fibroblastic morphology and ex-
pressed both vimentin and N-cadherin. We pre-
viously showed that transfection of N-cadherin
into SCC1 cells resulted in transition from cells
with an epithelial morphology to cells with a
more scattered, fibroblastic morphology [Islam et
al., 1996]. Therefore we aimed to determine if
vimentin or N-cadherin regulated the expression
of the other protein. First we isolated clones of
SCC11B cells that were negative for vimentin.
Transfection of vimentin into these cells did not
result in increased expression of N-cadherin.
Likewise, transfection of N-cadherin into SCC1
cells did not result in increased expression of
vimentin. Thus, although both vimentin and
N-cadherin are associated with an epithelial-to-
mesenchymal transition, their expression is not
codependent in oral squamous epithelial cells.

MATERIALS AND METHODS

Cell Culture

The human squamous cell carcinoma cell
lines SCC1 and SCC11B (kind gifts of Dr.
Thomas Carey, University of Michigan, Ann

Arbor, MI) were cultured in minimal essential
medium supplemented with 10% fetal calf se-
rum (Hyclone Laboratories, Logan, UT) as de-
scribed previously [Islam et al., 1996].

Antibodies and Reagents

Rabbit polyclonal antibodies to human
E-cadherin [Wheelock et al., 1987] and mouse
monoclonal antibodies to N-cadherin [13A9;
Johnson et al., 1993] have been described.
Mouse monoclonal anti-vimentin antibodies
(V9 and LN-6) were purchased from Sigma
Chemical Company, St. Louis, MO. Antibody
V9 recognizes human vimentin but not mouse
vimentin; antibody LN-6 recognizes both hu-
man and mouse vimentin. Antibody LN-6 to
vimentin is an IgM, making it possible to do
immunofluorescence colocalization for vimen-
tin using LN-6 and N-cadherin using 13A9,
which is an IgG.

Generation of Vimentin-Positive and Vimentin-
Negative Clones of 11B cells.

Vimentin-positive and vimentin-negative
cells were isolated through dilution cloning by
plating 1 cell/well in 96-well plates. Clones
were screened for vimentin-expressing and
nonexpressing cells using immunofluorescence
microscopy and western blot analysis. Several
clones of each type were chosen for further
studies.

Molecular Constructs and Transfections

The mouse vimentin cDNA in the pSP64
plasmid was a kind gift from Dr. Katrina
Trevor, St. Luke’s Medical Center, Milwaukee,
WI [Hendrix et al., 1997]. A 1.8-kb BamHI
fragment was excised and moved into the ex-
pression vector pLKhygro. pLKhygro was con-
structed from pLKneo using the hygromycin
resistance gene from pG1-h (a kind gift from
Dr. David Berg, Eli Lilly, Indianapolis, IN)
[Berg et al., 1993] to replace the neomycin re-
sistance gene in pLKneo (a kind gift from Dr.
Nicholas Fasel, University of Lausanne, Lau-
sanne, Switzerland) [Hirt et al, 1992]. Cell cul-
tures were transfected using a calcium phos-
phate kit (Stratagene, La Jolla, CA) according
to the manufacturer’s instructions and selected
in hygromycin (Gibco Life Technologies). Colo-
nies of hygromycin-resistant cells were iso-
lated, induced with dexamethasone as de-
scribed [Islam et al., 1996], and screened for
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expression of the transfected gene by immuno-
fluorescence analysis with anti-vimentin anti-
body LN-6. Positive clones were stained with
anti-vimentin clone V9 to verify the cells were
expressing the mouse transgene and not en-
dogenous human vimentin. Clones of
N-cadherin–transfected SCC1 cells have been
described [Islam et al., 1996].

Microscopy

Cells were grown on glass cover-slips, fixed
for 30 min with Histochoice tissue fixative
(Amresco, Solon, OH) or methanol at 0° for 1
min. Histochoice was used when possible to
best preserve cellular morphology. The epitope
recognized by antibody LN-6 is not preserved
in cells fixed with Histochoice, thus cells to be
stained with this antibody were fixed in meth-
anol. Cover-slips were blocked with 10% goat
serum in phosphate buffered saline for 1 h and
exposed to primary antibodies for 1 h, followed
by species-specific secondary antibodies conju-
gated to fluorescein (Jackson ImmunoResearch
Laboratories, West Grove, PA). For colocaliza-
tion of N-cadherin and vimentin, cells were
stained with both primary antibodies followed
by fluorescein-conjugated anti-mouse IgG and
rhodamine-conjugated anti-mouse IgM. Fluo-
rescence was detected using a Zeiss Axiophot
microscope (Carl Zeiss Inc., Thornwood, NY)
equipped with epifluorescence. All pictures
were taken using a 403 objective and Kodak
T-Max 3200 film.

Detergent Extraction of Cells

Monolayers of cells were washed with
phosphate-buffered saline at room tempera-
ture and extracted on ice with 2 ml/75 cm2 flask
10 mM Tris-acetate, pH 8.0, 0.5% Nonidet P-40
(BDH Chemicals Ltd., Poole, United Kingdom),
1 mM EDTA, and 2 mM phenylmethylsulfonyl
fluoride. Insoluble material was removed by
centrifugation at 15,000g for 15 min at 4°C.

Electrophoresis and Immunoblotting

Polyacrylamide slab gel electrophoresis in
the presence of sodium dodecylsulfate (SDS-
PAGE) was done as previously described
[Johnson et al., 1993]. SDS-PAGE resolved pro-
teins were transferred to nitrocellulose and im-
munoblotted as described [Knudsen and Whee-
lock, 1992]. Protein quantitation was done
using the Bio-Rad assay (Bio-Rad Laborato-

ries, Richmond, CA) according to the manufac-
turer’s protocol. Equal amounts of protein were
loaded into each lane for SDS-PAGE.

RESULTS

Expression of Vimentin by Squamous
Carcinoma Cells

We began our study with SCC11B cells,
which were derived from an oral squamous cell
carcinoma of the larynx [Baker, 1985]. We pre-
viously showed that this cell line expresses
high levels of N-cadherin and low levels of
E-cadherin [Islam et al., 1996]. Morphologi-
cally, SCC11B cells appeared more like fibro-
blasts than epithelial cells and displayed ten-
uous cell-cell contacts (Fig. 1A). When
examined by immunofluorescence light micros-

Fig. 1. Localization of N-cadherin and vimentin in SCC11B
oral squamous carcinoma cells. Cells were grown on glass
cover-slips and processed for double-label immunofluores-
cence with the monoclonal IgM antibody LN-6 to vimentin
(Panel C) and the monoclonal IgG antibody 13A9 to
N-cadherin (Panel B). The secondary antibodies were
rhodamine-conjugated anti-mouse IgM and FITC-conjugated
anti-mouse IgG. Panel A is a phase micrograph of the cells.
Some vimentin-positive cells express high levels of N-cadherin
(*) whereas other vimentin-positive cells express low levels of
N-cadherin (arrowheads). Bar equals 10 mm.
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copy, the population was heterogeneous with
respect to N-cadherin expression. Some cells
expressed high levels of N-cadherin and others
expressed low levels (Fig. 1B) [Islam et al.,
1996]. Figure 1C shows that these cells also
were heterogeneous with regard to vimentin
expression. Although vimentin and N-cadherin
are both expressed in tissues of mesenchymal
origin, we found that cells with high levels of
N-cadherin were not necessarily those with
high levels of vimentin. Asterisks in Fig. 1
point out vimentin-positive cells that express
high levels of N-cadherin, whereas arrowheads
point out vimentin-positive cells with low lev-
els of N-cadherin.

To determine if there was a relationship
among fibroblastic morphology, N-cadherin
expression, and vimentin expression, we
cloned vimentin-positive and vimentin-
negative sublines of SCC11B by limiting di-
lution. Several positive clones and several
negative clones were chosen for our studies.
Figure 2 shows phase microscopy and immu-
nofluorescence staining for vimentin in two
representative clones, one positive for vimen-
tin and one negative for vimentin. The ex-
pression of vimentin in the positive clones
was homogeneous, and the staining pattern
was consistent with that seen in mesenchy-
mal cells. Likewise, the vimentin-negative

Fig. 2. Analysis of vimentin-positive and vimentin-negative clones of SCC11B cells. Cells were grown on glass
cover-slips and processed for immunofluorescence with the monoclonal IgM antibody LN-6 to vimentin. Panels A
and C show the morphology of vimentin-positive and vimentin-negative cells, respectively. Panels B and D show the
localization of vimentin. Bar equals 10 mm. Panel E is an immunoblot of these cells for keratin (lanes 1 and 2) and
vimentin (lanes 3 and 4). The 45-kDa marker is indicated.
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clones were homogeneously negative for the
expression of vimentin. The diffuse staining
seen in Fig. 2D was background staining due
to the secondary antibody. This is confirmed
by the Western blot that is completely nega-
tive for vimentin (Fig. 2E, lane 4). Interest-
ingly, keratin 18, which is normally ex-
pressed by epithelial cells, was expressed at
similar levels in both the vimentin-positive
and vimentin-negative clones (Fig. 2E, lanes
1 and 2). Vimentin-negative cells exhibited
an epithelial morphology with tight cell-to-
cell adhesion and grew as a sheet of cells in
confluent cultures (Fig. 2C). In contrast,
vimentin-positive cells had an elongated fi-
broblastic morphology and very little cell-to-
cell contact (Fig. 2A).

Expression of Cadherins in Vimentin-Positive
and Vimentin-Negative Clones of SCC11B Cells

Our previous studies showed that transfec-
tion of oral squamous cell carcinoma cells with
N-cadherin resulted in a morphologic change
resembling an epithelial-to-mesenchymal tran-
sition accompanied by decreased expression of
E-cadherin. Thus, we were interested in
whether or not selecting for vimentin-positive
cells also selected for cells with increased
N-cadherin and decreased E-cadherin expres-
sion. A number of clones of vimentin-positive
and vimentin-negative cells were isolated by
limiting dilution. Representative clones are
shown in Fig. 3. Figure 3A shows that, indeed,
the expression of E-cadherin was lower in

Fig. 3. Expression of cadherins by vimentin-
positive and vimentin-negative clones of
SCC11B cells. Panels A–C: Cells were grown
to confluence and processed for immunoblot
analysis using rabbit polyclonal anti-E-
cadherin (Panel A) or grown on glass cover-
slips and processed for immunofluorescence
with the same antibody (Panels B and C).
Panels D–F: Cells were grown to confluence
and processed for immunoblot analysis using
mouse monoclonal anti-N-cadherin (Panel D)
or grown on glass cover-slips and processed
for immunofluorescence with the same anti-
body (Panels E and F). Bar equals 10 mm.
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vimentin-positive clones (lane 2) than in
vimentin-negative clones (lane 3), suggesting
that vimentin up-regulation may be related to
E-cadherin down-regulation. Immunofluores-
cence localization showed that the level of
E-cadherin expression in the vimentin-positive
cells was heterogeneous, and that much of the
cadherin was diffusely localized rather than
being characteristically concentrated at re-
gions of cell-cell contact. There were also cells
that did not express E-cadherin. In contrast,
the expression of E-cadherin in vimentin-
negative cells was more homogeneous and was
localized to regions of cell-cell contact (Fig. 3C).

We predicted that N-cadherin would be up-
regulated in the vimentin-positive clones of
cells. To confirm this, we quantified the expres-
sion of N-cadherin in vimentin-positive and
vimentin-negative clones by immunoblot anal-
ysis (Fig. 3D). N-cadherin expression levels did
not appear to change. Indeed, the difference in
expression levels was not sufficient to convince
us that selecting clones of cells on the basis of
vimentin expression also selected for cells ex-
pressing N-cadherin. The slight differences in
apparent molecular weight of N-cadherin in
clones of SCC11B cells is due to glycosylation
variations in these cells [Islam et al., 1996].
Examination of these two cell populations us-
ing immunofluorescence microscopy showed
that N-cadherin localization in vimentin-
positive cells was typical of that found in fibro-
blasts [Sacco et al., 1995] and other mesenchy-
mal cells [Wheelock and Knudsen, 1991]. That
is, the protein was localized in regions where
one cell made contact with one another (Fig.
3E). The expression of N-cadherin in vimentin-
negative cells was more diffuse than in
vimentin-positive cells and appeared not to be
restricted to regions of cell-cell contact. These
observations raise the interesting possibility
that vimentin expression might be correlated
with the distribution of N-cadherin when cells
undergo an epithelial-to-mesenchymal transi-
tion.

Relationship Between N-cadherin and
Vimentin Expression

Because both N-cadherin and vimentin have
been correlated with a scattered fibroblastic
phenotype, we wished to determine whether or
not expression of one of these proteins would
influence expression of the other. To address
this question, we first transfected a full-length

mouse vimentin cDNA under control of the
dexamethasone-inducible mouse mammary tu-
mor virus promoter into a clone of vimentin-
negative cells. Hygromycin-resistant clones
were selected and propagated. Mouse vimentin
expression was not stable over time and the
expanded population of cells quickly became
heterogeneous for expression of mouse vimen-
tin. The cells morphologically resembled epi-
thelial cells rather than fibroblasts, even
though many cells expressed high levels of both
N-cadherin and vimentin (Fig. 4). Signifi-
cantly, vimentin expression did not correlate
with N-cadherin expression. That is, the whole
population of cells expressed N-cadherin,
whereas only about 50% of the cells expressed
mouse vimentin.

Also of interest was whether or not forced
expression of N-cadherin influenced the ex-
pression of vimentin in an N-cadherin–
negative oral squamous epithelial cell. For
these studies, we switched to the N-cadherin–
negative, vimentin-negative SCC1 oral squa-
mous epithelial cell line. We had previously
shown that transfection of N-cadherin into
these cells resulted in a more fibroblastic phe-
notype [Islam et al., 1996]. Fig. 5A–C show
that the parental SCC1 cells express neither
N-cadherin (Fig. 5B) nor vimentin (Fig. 5C).
The transfectant is uniformly positive for
N-cadherin (Fig. 5E). However, it remains neg-
ative for vimentin (Fig. 5F). Thus, we can con-
clude that expression of two proteins correlated
with epithelial-to-mesenchymal transitions,
namely vimentin and N-cadherin, do not influ-
ence the expression of one another.

DISCUSSION

N-cadherin is expressed by a wide variety of
cells including neurons, mesothelial cells, car-
diac and skeletal muscle, lens epithelial cells,
and fibroblasts. N-cadherin can promote strong
cell-cell interactions. For example, in cardiac
muscle it plays an essential role in the morpho-
genesis of the myocardium [Radice et al., 1997]
and in the formation of cell-cell contacts that
allow cardiomyocytes to beat coordinately
[Volk and Geiger, 1984; Soler and Knudsen,
1994]. In addition, tissues such as the mesothe-
lium and the lens use N-cadherin to form junc-
tions that very much resemble the E-cadherin–
mediated contacts of epithelial cells [Volk and
Geiger, 1984; Peralta Soler et al., 1995]. How-
ever, N-cadherin is also expressed by cells such
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as fibroblasts that do not typically display close
cell-cell contacts, but rather, act as solitary
cells. We previously reported that inappropri-
ate expression of N-cadherin in epithelial squa-
mous carcinoma cells resulted in a scattered,
more fibroblastic phenotype [Islam et al., 1996],
suggesting that expression of N-cadherin may
serve as a marker for epithelial-to-mesenchymal
transition in these cells.

It has been shown by others that transfection
of vimentin into polarized epithelial cells re-
sults in an epithelial-to-mesenchymal transi-
tion. Therefore, we sought to demonstrate a
correlation between vimentin and N-cadherin
expression in squamous epithelial cells. Inter-
estingly, we found that N-cadherin was ex-
pressed at a similar level in both vimentin-
positive and vimentin-negative cells. However,
the localization pattern of N-cadherin was
quite different between these two populations.
N-cadherin was localized at cell-cell contacts in
vimentin-positive cells, but was diffuse and
less localized at regions of cell-cell contact in

vimentin-negative cells. These data raise the
possibility that N-cadherin may promote more
effective cell-cell interactions in vimentin-
positive cells. Thus, there may be an additive
effect on morphology in cells that are positive
for both N-cadherin and vimentin.

In a previous study, we used N-cadherin an-
tisense technology to knock out N-cadherin in
an aggressive, N-cadherin–positive squamous
epithelial tumor cell line. The loss of N-cadherin
resulted in a more epithelial morphology, sug-
gesting that the N-cadherin–negative cells were
less tumorigenic than N-cadherin–positive cells
[Islam et al., 1996]. Because vimentin expression
is associated with poorly differentiated tumors, we
tested to see if there was any change in the expres-
sion of vimentin in the N-cadherin antisense-
transfected cells versus the N-cadherin–positive
parental cell line. Immunofluorescence light mi-
croscopic analysis suggested that a higher per-
centage of the parental cells expressed vimentin
than did the antisense-transfected cells, raising
the possibility that expression of N-cadherin may

Fig. 4. Expression of exogenous vimentin in oral squamous epithelial cells does not influence the expression of
N-cadherin. Clones of SCC11B cells expressing mouse vimentin were grown on glass cover-slips and processed for
double-label immunofluorescence with the monoclonal IgM antibody LN-6 to vimentin (Panel A) and the mono-
clonal IgG antibody 13A9 to N-cadherin (Panel B). Control non-transfected cells are shown in Panels C (vimentin)
and D (N-cadherin). The secondary antibodies were rhodamine-conjugated anti-mouse IgM and FITC-conjugated
anti-mouse IgG. Bar equals 10 mm.
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be a mechanism by which cells undergo an
epithelial-to-mesenchymal transition. To investi-
gate this, we cloned out vimentin-positive and
vimentin-negative cells from the SCC11B popu-
lation of squamous epithelial cells. The vimentin-
negative cells tended to express higher levels
of E-cadherin. However, we failed to observe a
correlation between N-cadherin expression and
vimentin expression, even though the vimentin-
positive cells had a more mesenchymal morphol-
ogy than did the vimentin-negative cells.

Studies by Hendrix et al. [1997] showed that
transfection of mouse vimentin into human
breast cancer cells resulted in an epithelial-to-

mesenchymal transition. In our studies, we did
not see a dramatic morphologic change when we
transfected mouse vimentin into human oral
squamous epithelial cells, suggesting that in-
creased expression of vimentin alone is not suf-
ficient to initiate an epithelial-to-mesenchymal
transition in these cells. The explanation for the
differences between our studies and those in the
breast cancer cells may involve an inherent dif-
ference between the cell types. Our studies were
done on squamous epithelial cells, whereas the
breast cancer cells are polarized epithelial cells.

A number of studies have shown that
epithelial-to-mesenchymal transitions occur in

Fig. 5. SCC1 cells transfected with N-cadherin do not express vimentin. Parental SCC1 cells (Panels A–C) or stable
clones of SCC1 cells expressing human N-cadherin were grown on glass cover-slips and processed for double-label
immunofluorescence with the monoclonal IgM antibody LN-6 to vimentin (Panels C and F) and the monoclonal IgG
antibody 13A9 to N-cadherin (Panels B and E). The secondary antibodies were rhodamine-conjugated anti-mouse
IgM and FITC-conjugated anti-mouse IgG. Panels A and D show phase microscopy of the cells. Bar equals 10 mm.
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response to certain growth factors such as hepa-
tocyte growth factor (scatter factor), fibroblast
growth factor, epidermal growth factor, keratin-
ocyte growth factor, and members of the tumor
growth factor families [Valles et al., 1990; Gei-
mer and Bade, 1991; Weidner et al., 1991; Boyer
et al., 1992; Sonnenberg et al., 1993; Weidner et
al., 1993; Werner et al., 1994; Miettinen et al.,
1994; reviewed in Birchmeier et al., 1996; Sav-
agner, et al., 1997; Knudsen et al., 1998; DeLuca
et al., 1999]. In addition, fibroblast growth factor
has been implicated in N-cadherin–dependent
neurite extension [Doherty et al., 1991a]. In
these experiments by Doherty et al. [1991a],
PC12 cells plated on a monolayer of N-cadherin–
transfected 3T3 cells extended longer neurites
than did PC12 cells plated on control 3T3 cells.
Additional studies by this group showed that
N-cadherin–dependent neurite extension was
due to second messenger activation [Doherty et
al., 1991b; Saffell et al., 1992] and involved acti-
vation of the fibroblast growth factor receptor
[Williams et al., 1994; Saffell et al., 1997]. Cur-
rently, we are investigating whether or not
N-cadherin interacts with the fibroblast growth
factor receptor to initiate the process of epithelial-
to-mesenchymal transition in squamous carci-
noma cells.

Further studies are needed to elucidate the
mechanisms that regulate vimentin expres-
sion, cadherin expression, and the switch from
an epithelial to a mesenchymal phenotype in
oral squamous epithelial cells. Elucidation of
physiologic and environmental molecules that
regulate this switch may provide clues to effec-
tive treatment or prevention of oral squamous
cell carcinoma.
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