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The acquisition of an invasive or metastatic phenotype in malig-
nant neoplasms is often correlated with reduced cellular adhesive-
ness. We investigated the expression of the adhesion-associated cyto-
plasmic protein, vinculin, in normal and neoplastic human squamous
epithelia, as well as in metastases of squamous cell carcinomas, and
correlated the results with invasiveness and metastatic potential. Tis-
sue samples from various tumors were examined, including basal cell
carcinomas (BCC), keratoacanthomas, and squamous cell carcinomas
(SCC). In addition, lymph node metastases from nine of the SCC
were tested in this study. Our results indicate that most BCC, kerato-
acanthomas, and in situ SCC display strong positive staining for vin-
culin. The level of immunolabeling for vinculin and its pattern of
distribution in the low malignant, nonmetastasizing lesions was similar

The deterioration of cell-cell and cell-matrix adhe-
sions, and the loss of contact responsiveness, are among
the most common manifestations of malignant transfor-
mation.”” These changes are often associated with the
loss of tissue integrity, the acquisition of anaplastic mor-
phology, and the invasion into blood vessels and neigh-
boring tissues. In addition, transformed cells often fail
to respond to adhesion-mediated signals affecting
growth and differentiation. Most normal cells are
known to be “anchorage dependent,’”” namely, to re-
quire direct interaction with the extracellular matrix to
proliferate or even to survive. Many malignant cells
were shown to be anchorage independent and grow in
suspension or in semi-solid medium.® They also fail to
undergo growth arrest when reaching high density, as
do normal cells, a phenomenon known as ‘‘density-
dependent growth arrest’” or ‘‘contact inhibition.”

The recent progress in the characterization of the
molecular mechanisms underlying cell adhesion has
shed much light on possible molecular targets, the mod-
ulation of which might be involved in the loss of contact
responsiveness and the acquisition of a *‘transformed
phenotype.” Several possible mechanisms may be re-
sponsible for the apparent downregulation of cell adhe-
sion. One of them is a putative overphosphorylation of
junctional molecules on tyrosyl residues, which appar-
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to those observed in normal squamous epithelia. In contrast, in SCC,
which are invasive and possess metastatic potential, as well as in their
metastases, vinculin labeling was negative or poor, irrespective of
their degree of differentiation. In conclusion, poor vinculin labeling
in tumors of squamous epithelial origin examined here appears to
be related to the metastatic potential of the tumor. Vinculin immuno-
staining of primary tumors originating in stratified squamous epithe-
lia may thus be of value in helping to determine the metastatic poten-
tial of these neoplasms. Hum PaTHOL 28:1230-1236. Copyright ©
1997 by W.B. Saunders Company
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Abbreviations: BCC, basal cell carcinoma; SCC, squamous cell
carcinoma.

ently leads to the disruption of junctional structures. It
has been shown, for example, that overexpression of
ppb607 in Rous Sarcoma virus—infected cells leads to
phosphorylation of focal contacts, followed by their de-
terioration”’’ and that cellcell junctions and cell-ma-
trix focal contacts are the primary targets for vanadate-
or growth factor—stimulated tyrosine phosphorylation
in epithelial and mesenchymal cells, respectively.'*

An alternative mechanism that might be related to
the reduced adhesiveness of cancer cells is the altered
expression of different adhesion-associated proteins, in-
cluding vinculin, a-actinin, cadherins, and catenins. %2
Notably, malignant transformation and, in particular,
the acquisition of an invasive or metastatic phenotype
were commonly associated with reduced cellular adhe-
siveness caused by low expression of these proteins.*”'?
It was proposed that these changes may be responsible
for the higher tendency of the malignant cells to detach
from the primary tumors, invade neighboring tissues,
penetrate into blood vessel and lymphatics, and extrava-
sate in target organs to form metastases.*”'* Changes
in the adhesive properties could also contribute to the
reduced contact responsiveness characteristic of cancer
cells.'

In the current study, we investigated the expression
of the adherens junction protein, vinculin, in certain
human malignant tumors. We show that normal squa-
mous epithelia, as well as a variety of neoplasms arising
in stratified squamous epithelium and lacking metasta-
sizing potential, display high levels of vinculin labeling.
Conversely, squamous tumors with metastatic potential
exhibited considerably lower vinculin levels. Moreover,
lymph node metastases derived from these tumors were
typically devoid of vinculin labeling. On the basis of
these results, we propose that the reduction in vinculin
expression in human squamous carcinomas may lead
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to the acquisition of a highly invasive and metastatic
phenotype, highlighting the role of vinculin in main-
taining normal cell adhesions and suggesting that its
downregulation may play a central role in the acquisi-
tion of a “‘malignant phenotype.”

MATERIALS AND METHODS
Tissues

Tissue samples used in this study were obtained from
routine operative procedures, fixed in 4% buffered formalde-
hyde, embedded in paraffin, cut at 4 pm thickness, and
stained with hematoxylin and eosin. Unstained slides were
used for immunoperoxidase.

The tumors studied included 15 basal cell carcinomas
(BCC), three of which were of the morphea type, one of the
adenoid type, and one of the keratotic type, five keratoacan-
thomas, six in situ squamous cell carcinomas (SCC; Bowen’s
disease), and 15 invasive SCC of the skin as well as five cases
of invasive SCC from the larynx, eight from the nasopharynx,
and two from the upper esophagus. Five of the invasive SCC
of the skin were well differentiated, six moderately, and the
remaining four were poorly differentiated tumors. Three of
the tumors from the upper respiratory and digestive tracts
were well differentiated, seven moderately, and five were
poorly differentiated. In addition, nine regional lymph nodes
with metastases from laryngeal, nasopharyngeal, and esopha-
geal SCC were examined. In two of them the primary tumors
in the larynx and esophagus were among those studied here,
and in the remaining seven cases, only the lymph node metas-
tases were available.

Normal tissues studied here as controls included the nor-
mal skin surrounding the various skin tumors as well as nor-
mal mucosa at a distance from the laryngeal, nasopharyngeal,
and esophageal carcinomas.

The staining intensity for vinculin was graded by at least
three independent observers as undetectable (UD), weak (+),
or strong (++). The strong staining of blood vessels, present
in all of the tissues, served as an internal positive control. In
addition, we distinguished between uniform labeling, namely,
presence of labeling in almost all of the cells and focal label-
ing, present only in isolated groups of cells throughout the
lesion. The subcellular distribution of the labeling was either
diffuse throughout the cytoplasm or associated with the
plasma membrane along cell-cell junctions.

Immunoperoxidase Labeling

Tissue sections were labeled for vinculin by the biotin-
streptavidin method using monoclonal anti-vinculin anti-
bodies (hVin Sigma Immunochemicals, St. Louis, MO) and
the Zymed Streptavidin peroxidase kit."® Stained specimens
were examined microscopically and the labeling intensity eval-
uated by at least three independent observers.

RESULTS

Immmunoperoxidase Labeling for Vinculin of
Normal Human Tissues

Immunoperoxidase labeling of a large variety of
normal human tissues for vinculin showed intense label-
ing of essentially all squamous epithelia, smooth mus-
cle, hair follicle epithelia, and myoepithelial cells. La-
beling of simple epithelia, however, was weak and often
undetectable. The labeling in stratified epithelia was

particularly prominent in the suprabasal cells of the
epidermis (Fig 1A, B), as well as in various nonkeratiniz-
ing squamous epithelia, such as in the esophagus. The
staining was largely cytoplasmic and was often enriched
at cell borders and intercellular bridges (Fig 1C, D).
Prominent labeling was also noted in vascular smooth
muscle (Fig 1A, B). In fact, the staining of blood vessels
served as a most useful internal control for vinculin
labeling. Strong vinculin labeling was also noted in myo-
epithelial cells associated with sweat glands (Fig 1E).

Immunoperoxidase Labeling for Vinculin of
Human Tumors

In the BCC samples, positive staining for vinculin
was observed. In 12 of 15 tumors tested, the intensity
of labeling was strong, and in three cases, moderate
(Fig 2A, Table 1). Of the intensely labeled samples,
eight, including those classified as morphea-type BCC
(Fig 2B), displayed uniform staining, whereas in four
cases the staining was nonuniform, with focal intense
labeling. Often, intensely labeled mesenchymal cells
were detected in the stroma around the tumor (Fig
2A).

Keratoacanthomas displayed an intense and largely
uniform labeling in all five cases studied (Fig 2C, D, and
Table 1). Again, positively labeled stromal cells were
commonly detected around the tumors.

SCC samples, however, showed highly variable lev-
els and patterns of vinculin labeling. In five of six cases
of in situ SCC (Bowen’s disecase) (Fig 3A), intensive
labeling was observed. However, only two cases showed
uniform labeling, whereas in three cases, nonuniform
labeling was observed. The other case showed weak and
nonuniform labeling. Furthermore, invasive SCC of the
skin showed significantly lower levels of vinculin label-
ing (Fig 3B, C, D). Of 15 cases studied, five were essen-
tially negative, and six additional cases showed weak
uniform labeling. Of the other four cases that displayed
intense labeling, three were highly nonuniform, with
negative regions alternating with positively labeled
patches, often displaying strongly stained horn pearls
(Fig 3C).

Another group of invasive SCC, derived from lar-
ynx, nasopharynx, and the upper ésophagus, showed
similar labeling patterns. Of the 15 cases examined,
nine were essentially negative, three showed weak uni-
form labeling, and the rest were highly nonuniform
(Table 2, Fig 3E). Most of the lymph node metastases
from SCC were apparently vinculin negative (six of nine
cases) (Fig 3F), two additional cases displayed weak uni-
form labeling, and one case was heterogenous with neg-
ative areas and some strongly labeled foci. There was
no correlation between vinculin staining and degree of
histological differentiation in any of the tumors.

DISCUSSION

In the current study, we have examined the ex-
pression of vinculin in different carcinomas of strat-
ified epithelial origin. The results presented here indi-
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FIGURE 1.

Volume 28, No. 11 (November 1997)

Immunohistochemical staining with monocional anti-vinculin antibody of normal skin. There is uniform labeling of the

epidermis (A-C), which is particularly prominent in the suprabasal cells (A). Staining is cytoplasmic but often enriched at cell
borders and intercellular bridges (C). Hair follicle epithelium stains strongly and sebaceous glands weakly at cell borders (D).
Myoepithelial cells of sweat glands are prominently labeled (E). Note strong staining of dermal blood vessels (A.B). (Original

magnification: A, x75; B, D, E, x150; C, x300.)

cate that the level of expression of vinculin is inversely
related to the degree of tumor-metastasizing potential.
Thus, most BCCs, keratoacanthomas, and in situ SCC
were uniformly positive, whereas most invasive and
metastatic SCC were either negative or highly nonuni-
form with extensive negative regions, or showed uni-
form low levels of labeling. No correlation was found
between vinculin staining and grade of tumor differen-
tiation. However, in focal areas of invasive SCC in
which horn pearls were present, the latter stained
strongly for vinculin on the background of a largely
vinculin-negative tumor. This seems to indicate that

even in invasive tumors with metastasizing potential,
highly differentiated elements retain significant vin-
culin expression, which is characteristic of differenti-
ated squamous epithelia.

The data described above suggest that the level of
vinculin expression may be more indicative of meta-
static potential than the apparent degree of squamous
differentiation of the neoplasm.

The focus in this study, on vinculin expression in
human tumors, was motivated by the general indication
that malignant transformation is commonly associated
with reduced adhesiveness and by data pointing to the

1232



VINCULIN IN HUMAN BASAL AND SQUAMOUS CELL TUMORS (Lifschitz-Mercer et al)

FIGURE 2. Immunochistochemical staining of various skin lesions with monoclonal anti-vinculin antibodies. There is strong, uniform
labeling with vinculin in nests of BCC and similar staining of overlying epidermis, as well as positively stained stromal cells surrounding
tumor nests (A). Morphea-type BCC showing fypical invasive pattern also shows prominent vinculin labeling. Note vinculin-stained
blood vessels (B). Keratoacanthoma displays uniform labeling with vinculin (C, D). (Original magnification: A-D, x150.)

central role of vinculin in the formation of cell-matrix type, with reduced cellular adhesiveness has been exten-

and cell-cell adhesion."” sively documented over the last years, as discussed.””
The association of transformation and, in particu- Recently, it was shown that tumors often display a
lar, the acquisition of an invasive or metastatic pheno-  marked deficiency in the expression of specific ad-

TABLE 1. Vinculin Expression in Skin Tumors

BCC Keratoacanthoma Invasive SCC
Staining Level (n = 15) (n=5) In Situ SCC (n = 6) (n=15)
UD — — —_ 5
+ 3 (uniform) — 1 (focal) 6 (uniform)
++ 12 (4 focal, 8 uniform) 5 (uniform) 5 (8 focal, 2 uniform) 4 (3 focal, 1 uniform)

Abbreviations: +, weak staining; ++, strong staining; UD, undetectable; BCC, basal cell carcinoma; SCC, squamous cell carcinoma.
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FIGURE 3.

Volume 28, No. 11 (November 1997)

Immmunohistochemical staining with monoclonal anti-vinculin antibody of SCC of the skin, esophagus, and lymph

node metastasis. SCC in situ of the skin (Bowen'’s disease) shows uniform, prominent labeling for vinculin throughout (A). Invasive
SCC of the skin shows undetectable vinculin (B, C, D). with the exception of positive staining of homn pearls (C). Note in B
prominently stained blood vessels and in D strong labeling of stromal cells surrounding tissue nests. Staining for vinculin is also
negative in esophageal carcinoma (E, left lower comer) with strong staining of smooth muscle fibers (E, right upper comen.
Metastases in lymph node from primary esophageal SCC (F) is entirely negative for vinculin. (Original magnification: A, B, x180;

C, E. F, x300; D, x75; E. F, x300.)

hesion-related molecules. In fact, changes in the ex-
pression of most of the major families of adhesion
molecules have been implicated in malignant transfor-

mation, tumor invasiveness, and metastasis. These in-

clude differences in the expression of integrins,s‘l&19

. 5.90 . .
cadherins,'*'%% and adhesion molecules of the immu-
9

noglobulin superfamily.?’ Moreover, it has been shown
that elevated posttranslational modifications, such as
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TABLE 2. Vinculin Expression in Squamous Cell
Carcinomas of Larynx, Nasopharynx, Upper
Esophagus, and Lymph Node Metastases

Lymph Node Metastases

Invasive SCG From SCC
Staining Level (n = 15) (n=29)
UDb 9 6
+ 4 (3 uniform, 1 focal) 2 (diffuse)
++ 2 (focal) 1 (focal)

Abbreviations: +, weak staining; ++, strong stimulus; UD, unde-
tectable; SCC, squamous cell carcinoma.

tyrosine-specific protein phosphorylation, which is com-
monly found in different types of transformed cells,
exert a major detrimental effect on cell adhesion.>%****
The primary subcellular targets of these kinases are cell-
cell and cell-matrix adhesions and the elevated phos-
phorylation apparently affected the interaction of the
cytoskeleton with these junctions.'®!"*’

In view of the central role of the microfilament
system and its attachment to the membrane, in cell
adhesion,'” we have examined the expression and sub-
cellular distribution of different components of the sub-
membrane junctional ‘“‘plaque’ in transformed cells.
These surveys indicated that the levels of several of these
proteins, such as vinculin, a-actinin, and plakoglobulin,
are indeed reduced in cultured cells derived from a
variety of tumors."?*®® Moreover, it was shown that the
“forced expression” of the missing proteins, achieved
by transfection of the tumor cells with the relevant
¢DNA, had a marked tumor suppressive effect.”* It
remained, however, unclear how common and promi-
nent is the deficiency of these junctional plaque pro-
teins in human cancers, and how its modulation corre-
lates the malignant behavior of the cells.

The results presented here strongly suggest that
the metastatic and invasive phenotype of human SCC
is associated with markedly reduced expression of vin-
culin. In contrast, nonmetastasizing squamous tumors,
such as BCGCs or keratoacanthomas, were usually
strongly positive. It is noteworthy that even BCC with a
definite invasive pattern, such as the morphea variant,
was vinculin positive, indicating that low levels of vin-
culin are primarily related to the metastatic potential
of the tumor, rather than to its local invasive potential.
The reduction in vinculin levels was manifested either
by a uniform absence of labeling from the entire tumor
tissue or by variable expression displaying negative
arcas and positively labeled foci. Furthermore, it is con-
ceivable that suppression of vinculin levels below a
certain threshold renders it essentially ineffective in
supporting cell adhesion, in line with our previous re-
sults.®% Similarly, in cases in which the primary tumor
showed nonuniform expression of vinculin, the vin-
culin-negative subpopulation of cells was, most likely,
the primary contributor to the metastatic process, as
suggested by the fact that most lymph node metastases,
including those derived from primary tumors with focal
expression of vinculin, were either negative or poorly
labeled.

The significance of these results should be dis-
cussed in two contexts. The first is related to specific
stages in the malignant process that may be affected by
the modulation of vinculin levels. The data presented
here suggest that the loss of normal growth control is
not the primary target for vinculin, because both basal
cell carcinomas and keratoacanthomas, which display
deregulated growth, contained high levels of vinculin.
Conversely, the loss of vinculin expression closely corre-
lated with altered cytodynamic properties of the cells,
particularly their metastasizing potential, which re-
quires active penetration into surrounding tissues, in-
cluding blood vessels or lymphatis, extravasation, prolif-
eration at new sites, and the formation of metastases.
It is conceivable that reduction in vinculin levels and
hence in cell adhesiveness directly promotes these pro-
cesses. It is noteworthy that previous studies confirmed
that metastatic properties are associated with low adhe-
siveness and poor cytoskeletal organization."®!?

In conclusion, our results indicate that vinculin
immunostaining of tumors originating in stratified
squamous epithelium distinguishes between those with
low and high metastatic potential and may thus be of
value in determining the biological behavior and clini-
cal properties of such neoplasms.
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