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INTRODUCTION

Cancer is a group of potentially fatal diseases destined to afflict one of

every four Americans in their lifetime. In the United States, cancer of the oral

cavity accounts for 3.4 percent of new cancers at all sites (except for skin) and

2.4 percent of all cancer deaths (1). The best measure to minimize the morbidity

and mortality resulting from oral cancer is early detection and appropriate

treatment. The clinical signs and symptoms of oral cancer can often be confused

with those due to traumatic ulceration, aphthous ulcers, and drug-induced

lesions. In addition, early carcinoma of the oral cavity may be painless. Some

patients do not seek consultation until severe or persistent pain are present.

Squamous cell carcinoma is the most prevalent type of oral cancer accounting for

approximately 90 percent of all oral malignancies.

Carcinoma of the oral mucosa may be associated with other lesions taking

the form of white patches or plaques. These les ions may

precede the carcinoma or be present in association with the cancerous lesion.

Therefore, the assumption has been made that white lesions are etiologically

associated with oral carcinoma. To many, the diagnosis of leukoplakia has carried

connotations of premalignancy. However, many oral carcinomas are not preceded

by white plaques or associated with them (2). Also, in the older literature, the

prevalence of malignant transformation of leukoplakia has varied considerably. In

some reports, transformation rates of up to 30 percent in cases of "leukoplakia"

were given (2). Recent studies indicate the malignant transformation rate in

leukoplakia is between 3 and 6 percent (2). The definition of leukoplakia is the



most important factor influencing the reported prevalence of malignant

transformation in oral leukoplakia. If the term, leukoplakia, is applied to white

patches with epithelial dysplasia, a higher risk of malignant transformation is

obtained in comparison to the transformation rate of all white lesions. Defining

oral leukoplakia as a clinical white patch is confusing because it includes a variety

of pathologic entities not associated with premalignancy. Lichen planus,

candidiasis, white sponge nevus, and other lesions have a superficially similar

appearance but are not premalignant. Therefore, the World Health Organization

now defines oral leukoplakia as "a white patch or plaque that

cannot be characterized clinical ly or pathological ly as any other

disease" (2). The use of the term, leukoplakia, is still unrelated to the presence or

absence of epithelial dysplasia. However, this definition serves to form a group

of white lesions distinct from other classifiable lesions known not to be

premalignant. The prevalence of oral leukoplakia in the general population is

unknown and the transformation rate has not been firmly established (6). The

reported transformation rate in previous studies has varied according to

geographic location, follow-up period and management. Despite the variation in

reported incidence and risk of transformation, oral leukoplakia is clearly a

precancerous lesion and prudent follow-up of these patients is indicated (3–6).

Correlation of the clinical appearance of leukoplakia with the presence of

dysplasia is not reliable. Lesions that clinically appear dangerous may exhibit only

hyperkeratosis on microscopic examination. Conversely, leukoplakia without

ulceration, erythema or pain can be early infiltrating squamous cell carcinoma

(7). In addition, the morphologic changes seen by the histopathologist are subject

to variations in interpretation. There are a number of histopathological features



that are considered components of epithelial dysplasia. Obvious abnormalities are

easily agreed upon, but in many instances the degree of dysplasia is the subject of

dispute among observers and prediction of future behavior of the lesion from these

appearances is unreliable. Attempts have been made to apply computer-aided

analyses, using a number of recognizable features in assessing the prognosis of

premalignant lesions (5,8,9,10). However, at the present time, it is not possible to

predict which premalignant lesions will eventually become cancer. A better

understanding of biological events that accompany the development of oral

squamous cell carcinoma in humans would be beneficial.

Fibronectin is a cell surface and blood plasma glycoprotein that can

mediate the attachment of certain cells to specific components of the

extracellular matrix. Fibronectin has both collagen and heparin binding domains

as well as a site for hyaluronic acid binding. It has been known by a number of

names since it was first described by Morrison et al (11) in 1948. At that time, it

was recognized as a component of the fibrinogen-containing fraction that was

cold-insoluble, hence its first name - "cold-insoluble globulin" or CIg. Since its

initial discovery, it has been designated by a variety of terms including: large

external transformation-sensitive protein (LETS) (12), soluble fibroblast antigen

(SF-antigen) (13), cell surface protein (CSP) (14), cell adhesion factor (CAF) (15),

galactoprotein a (16), Z (17), opsonic protein (18), cell-spreading factor (19), and

anti-gelatin factor (20). Fibronectin is the only designation that has received

general acceptance (21). Fibronectin is distributed throughout all connective

tissues and is associated with most basement membranes (22,23,24,25,26). Most

blood vessels contain fibronectin in the basement membrane beneath endothelial

cells. Most epithelial cells are attached to basement membranes that contain



10

fibronectin. These include the small and large intestine, stomach, bronchi, lung,

and kidney. Fibronectin is also located in the sheaths surrounding muscles, nerves,

cartilage, and lymph nodes (22,23,26,27,28). In plasma, it is normally present at

concentrations of 300 ug/ml (28). Platelets contain fibronectin which is released

when activated (29). Fibronectin can mediate the attachment and spreading of

platelets on collagen-coated surfaces (30). It has been suggested that fibronectin

mediates platelet aggregation induced by collagen (31) and also may serve as a

factor necessary for adhesion and migration of cells into a wound. The cellular

form is believed to function as an adhesive protein involved in cell-cell

aggregation, cell-substratum adhesiveness, cell morphology and motility (32).

Intracellular fibronectin appears to function in the maintenance of normal cell

morphology by means of microfilament and actin interaction (33,34). Cells in

culture require fibronectin to bind to collagen (35) and for the attachment and

spreading of cells on collagenous surfaces (35,36). It also promotes the binding of

phagocytic material to monocytes (37) and thus may serve as an opsonin.

Fibronectin thus appears to serve an organizing role in the extracellular matrix to

promote orderly growth and cell positioning as well as maintenance of

differentiated connective tissue structure. The word fibronectin (fibra-fiber and

nectare-to bind) emphasizes its propensity to bind to fibrous proteins such as

collagen and fibrin.

Fibroblast fibronectin is a disulfide-linked dimer of 450,000 molecular

weight (Figure 1). There appear to be distinct sites on the molecule responsible

for collagen-binding, heparin-binding, cell-binding, and possibly for cell-spreading

as well (39,40,41). Fibronectin contains about 5 percent carbohydrate which

enables it to react with various lectins (42). The functional importance of this
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lectin-binding capacity, if any, is not known. Fibronectin is strongly antigenic and

antibodies to it, prepared by immunization with fibroblast or plasma fibronectin

preparations, show identical reactivity against both the plasma and cellular forms

(43). Fibronectin is present in a variety of vertebrate species including avian.

Anti-human fibronectin antibodies produced in sheep have been shown to react not

only with human fibronectin, but also with plasma and cellular fibronectin in

rabbit, rat, mouse, and chicken (21). It is unusual for proteins from widely

separated species to show such degrees of cross-reactivity. This suggests that

fibronectin serves a very basic function, common to many organisms.

Fibronectin has been shown to be an extracellular matrix molecule and it is

presently believed to be a peripheral membrane protein. A current hypothesis

regarding the receptor for fibronectin is that glycolipids of the plasma membrane

bind fibronectin to the cell (44) (Figure 2). Fibronectin also binds directly to actin

(35,45) and appears to affect the cytoskeleton via microtubules and

microfilaments. In the presence of fibronectin, functional alterations can be

induced ranging from cellular shape changes (46,47,48) to the enhanced synthesis

of collagen in liver epithelial cells (49).

Fibronectin can be synthesized by fibroblasts (43,50,51), astroglial cells

(52), endothelial cells (53,54), and myoblasts (55,56). Some epithelial cells are

capable of producing fibronectin, at least when cultured in vitro (57,58).

Fibronectin is present in early mesenchymal cells and is subsequently lost with

differentiation (48). Fibronectin binds to both collagen (59,60) and

glycosaminoglycans (61,62). It binds collagen types I-V (59,60), but binds type III

collagen better than type I (60,64). Fibronectin has different binding affinities to

glycosaminoglycans, it is evident that fibronectin binds well to hyaluronic acid and
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to a lesser extent to heparin sulfate (62) when determined by *H-labeled

glycosaminoglycans and glycopeptides. The fraction of total radioactivity that

was recovered after a 60 minute incubation of chick embryo fibroblasts is

depicted in figure 3. These findings indicate that large macromolecular

complexes may be formed by the binding of hyaluronic acid and other

glycosaminoglycans to fibronectin-collagen complexes, stabilizing the latter

(Figure 4) (63,64). These findings suggest that fibronectin is important in the

maintenance of extracellular matrix integrity. In vitro, the attachment and

spreading of many cells is mediated by fibronectin. When freshly dissociated

fibroblasts are cultured on plastic or collagen substrates, fibroblast attachment is

stimulated by fibronectin.

Fibronectin affects cell differentiation in several in vitro Cell lines.

Myogenic and chondrogenic cell cultures lose fibronectin with differentiation.

Cultured myoblasts have fibronectin when cultured but subsequently lose it as

myotubes differentiate and fusion occurs (65). In a similar manner, when

chondrocytes differentiate in vitro and synthesize their characteristic

extracellular matrix, they lose fibronectin (27). In contrast, fibroblasts in cell

culture do not lose fibronectin as they differentiate. In fact, fibroblasts have a

high level of fibronectin associated with them. Special interest in fibronectin

stems from experiments that demonstrated a reduction in amount of this

glycoprotein on the surface of malignantly transformed cells (50,51,52,66,67). In

experimental systems where mutant viruses (temperature-sensitive with respect

to transforming capacity) were used (68), loss of surface fibronectin was

concomitant with transformation. It has been postulated that the loss of surface

fibronectin would increase the freedom of movement of malignant cells and
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possibly aid tumor invasion. Chen et al (69) have suggested that the loss of

surface fibronectin correlates well with the capacity of tumor cells to

metastasize. Transformed but nonmetastatic murine tumor cells retain the ability

to attach to several collagen isotypes by means of fibronectin, but the metastatic

line attaches preferentially to type IV collagen without fibronectin assistance

(70). Metastatic cells may possess a unique attachment capability to attach to

type IV collagen. Normal and spontaneously transformed adult connective tissue

fibroblasts were shown to have similar attachment ability to type I and type IV

collagen. However, a metastatic cell line, derived from a pulmonary metastasis

arising after a subcutaneous T241 fibrosarcoma injection, adhered spontaneously

to type IV collagen without fibronectin assistance (70).

There are several references reporting the presence of fibronectin on

epithelial cells (58,69,71,72,73,74,75,76,77). In cell culture, fibronectin is

associated with the extracellular matrix. However, there does seem to be a time

factor of importance; in one study, fibronectin was present during the first 8

culture passages but was subsequently absent (69). When a basement membrane

was present, fibronectin was present on the epithelial cell surfaces abutting the

basement membrane and in the underlying connective tissue (76,77). Reports have

demonstrated fibronectin on epithelial cell surfaces from oral epithelium and skin

in inflammatory diseases such as lichen planus, lupus erythematosis, pemphigoid

and dermatitis herpetiformis (73,75).

Laminin is a recently discovered glycoprotein that appears to be a

structural constituent of the basement membrane. Laminin is present in a variety

of normal tissues including the basement membranes of the placenta and skin (78),

glomerular and tubular basement membranes and Bowman's capsule of the kidney,
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alveolar basement membranes of the lung, the choroid plexus of the brain, large

and small blood vessels, and in the lens capsule and Descemet's membrane of the

cornea (79). It is chemically and immunologically distinct from fibronectin, and is

present in the basement membrane separating epithelial cells from underlying

connective tissue (79,80,81,82,83). Timpl and colleagues (84) isolated laminin

from the mouse Engelbreth-Holm–Swarm (EHS) sarcoma and found it to be

composed of two polypeptide chains, one 220,000 daltons, and the other lil;0,000

daltons. Studies of murine tumor cell lines demonstrated that the synthesis of

laminin by tumor cells is transient and occurs prior to the establishment of a

tumor mass. A limiting basement membrane was synthesized by the tumor cells

and laminin was shown to be a constituent (79,82,85).

Like laminin, type IV collagen is confined to basement membranes and

synthesized by basal epithelial cells (78). Both occur in similar amounts in

basement membranes (79), but differ in ultrastructural location. Laminin is

located in the lamina lucida and type IV collagen in the lamina densa (78).

Epithelial cells attach preferentially to type IV collagen (86) and laminin mediates

epithelial cell attachment to this collagen isotype(87,88,89). Recently, two

sulphated glycoproteins have been observed in the basement membrane of normal

parietal endodermal cells from mouse embryos (90). The smaller glycoprotein

(Mr=150,000) is probably entactin (91) which appears to form a noncovalent
complex with laminin. Several recent reports (90,92,93) suggest that both laminin

and entactin are synthesized by mesenchymal tissues.

The purpose of this study was to determine the distribution of fibronectin

and laminin in human normal oral mucosa, leukoplakia, and squamous cell

carcinoma. Labeling of fibronectin was done using indirect immunofluorescence
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and an avidin-biotin complex (ABC)/peroxidase technique. Identification of

laminin was done using only indirect immunofluorescence. Leukoplakia with

histologic changes of epithelial dysplasia are generally considered to carry a

"higher risk" of malignant transformation (2). Therefore, we determined if the

presence or absence of fibronectin or laminin differed in leukoplakia with or

without epithelial dysplasia. Alteration of the distribution of fibronectin or

laminin in leukoplakia that transformed to carcinoma would be a valuable

diagnostic and prognostic finding. It would provide a means of identifying oral

leukoplakia lesions which have a greater potential of malignant transformation.

More aggressive patient management in such cases would improve the clinical

care for these patients.

We also observed whether fibronectin or laminin distribution was different

in squamous cell carcinoma from that seen in normal oral mucosa or leukoplakia.

TNM tumor staging was done for each patient with carcinoma (94). This system

reports the size of the primary tumor, the evidence of spread to cervical lymph

nodes and the presence or absence of distant metastatic sites. The classification

and staging of tumors generally correlates with patient survival. The

pretreatment size of a particular type of tumor is related to the length of time it

has been present. Therefore, a larger primary tumor that has been present longer

than a small lesion, has a greater opportunity for local extension, nodal

involvement or metastatic dissemination (1). We determined if there was any

correlation between the staging of the carcinomas and the presence and

distribution of fibronectin or laminin. In addition, we observed the distribution of

basement membrane laminin in normal oral mucosa and squamous cell carcinoma

to determine if laminin distribution changed in carcinoma.
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MATERIALS AND METHODS

A. Specimen Selection

Patients who presented at the Oral Medicine Clinic of the School of

Dentistry, University of California, San Francisco with suspected precancerous or

cancerous lesions comprised the study group. Five mm punch biopsy specimens

were collected from twenty nine patients, a total of thirty specimens were

obtained. In each case, the diagnostic specimen was bisected, one specimen was

placed in 10 percent formalin and the other was quick-frozen in liquid nitrogen

and stored at -70 degrees C. Of the specimens collected, 3 were diagnosed as

nonspecific inflammation, 14 as epithelial hyperplasia, 4 as atypical verrucoid

hyperplasia, 2 as epithelial dysplasia and 7 were carcinoma. The diagnostic groups

studied and the location of the lesions studied are shown in Table I. Attached

gingiva (in excess of that required for tissue adaption following third molar

removal), and normal oral mucosa from the hard palate and buccal mucosa

(adjacent to diagnostic biopsy sites), served as normal control tissue. Hematoxylin

and eosin slides were prepared from the bisected biopsy specimens and

hispathology reports procurred from the Division of Oral Pathology.
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B. Specimen Preparation

Frozen specimens were cut as 5 micron sections with a Slee cryostat (South

London Electrical Equipment Co., Ltd.) at -20 degrees C. The sections were

mounted on formol-gelatin coated slides. The specimens labeled by indirect

immunofluorescence (IIF) were air-dried without fixation. These specimens were

stored at -70 degrees C. for not more than two days prior to IIF reaction. The

specimens labeled by the avidin-biotin complex(ABC)/peroxidase technique were

fixed in cold acetone for 10 minutes and air-dried prior to storage at -70 degrees

C. for not more than two days.

C. Ant is era and Conjugates

The ant is era and conjugates used in this project were

purchased from commercial vendors and are l is ted be low. The

on ly except i on was antibody to lamin in which was made

available by Dr. R. Kramer (or iginal ly donated by G. R.

Mart in, NIDR).

1. Rabbit Anti-Human Fibronect in IgG fract ion- 15 mg/ml

Cappel Laborator i es; Cochranville, PA. 19330

2. Human Fibronect in (fibrinogen fraction) – 1 mg/ml

Col labor at i ve Research, Inc.; Wall than, MA. 0215 l;
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Fluoresce in conjugated IgG fract i on Goat Anti-Rabbit

IgG (H & L chains) - 10mg/ml. Cappel Laborator ies;

Cochran v i l l e, PA. 19330

. Rhodamine conjugated IgG fract i on Goat Anti-Rabbit

IgG (H & L chains) - 10mg/ml.

Cappel Labor a to r i e s ; Cochran v i l l e, PA. 19330.

Biot in y lated Goat Anti-Rabbit IgG (H & L chains) -0.5mg/ml

Vector Laborator i es; Burl in game, CA. 940 10

. Rabbit IgG (NRS)-21.7 mg/ml

Cappel Laborator i es; Cochran v i l l e, PA. 19330

. Normal Goat Serum (NGS) - 1.5mg/ml

Vector Laborator i es; Burl in game, CA. 94010
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D. Fibronectin Antiserum Specificity

1. Immunodiffusion (ID)

Two sources of purified human plasma fibronection were used in all of the

control procedures. FN1 was purchased from Collaborative Research, Inc.

(Waltham, MA 02154) and FN2 was donated by R. Kramer (made available by E.

Ruoslahti; LaJolla, CA).

To determine the equivalent concentrations or optimal ratio (OR) of

antigen and antibody to use in the immunodiffusion and immunoelectrophoresis

experiments, an Ouchterlony immunodiffusion method was performed with pure

fibronectin antigen (FN1) and different antiserum concentrations. Establishing
the appropriate optimal ratio (OR) ensured the production of stationary, strong

precipitate band formation.

Agarose containing 0.85% electrolyte and 0.5% sodium azide was poured

into two petri plates and allowed to cool to room temperature. After gelation,

!.0mm diameter reactant wells were cut and 10 microliters of pure fibronectin

(FN1) was placed in the central well and three different antiserum dilutions were

placed in the surrounding wells. Anti-fibronectin, diluted with PBS 1:4, 1:2, and

1:1, were used in the latter.

At 48 h, precipitate bands were present between the central well and all

three peripheral wells. All the bands appeared to be single and proved to be

stationary after an additional 48 h. No precipitate migration or band duplication

was evident indicating that the antiserum dilutions were all acceptable for further

immunodiffusion and immunoelectrophoresis experiments.
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Figure 6(a & b) shows single, stationary, precipitate bands that formed

when FN1 and FN2 were allowed to diffuse against rabbit anti-human

fibronectin. 10 microliters of the test FN reactant were placed in each of 2 wells

and rabbit anti-human fibronectin was placed in the remaining single well.

Diffusion of the reactants took place for 24 h in total darkness. The petri plates

were rinsed in 0.9% NaCl for 15 hours, rinsed in distilled H2O for 2.5 h and dried

overnight. Precipitate bands were stained by immersion in Coomassie Blue for 5

min. followed by a distilled H2O rinse, destained for 15 min. on a shaker, rinsed in

distilled water and dried. The absence of duplicate or migrating bands indicated

the antiserum to human fibronectin does specifically bind to purified human

fibronectin. Figure 6c shows the results of an experiment in which both FN1 and

FN2 were placed in wells and allowed to diffuse against fibronectin antiserum.

The resulting identity arc formed is further evidence that the antiserum is

monospecific.

2. Immunoelectrophoresis (IEP)

This procedure was performed with each fibronectin antigen (FN 1 & FN2).

The procedure outlined by Weir (77) was used in all immunoelectrophoresis tests.

In one experiment, the melted agarose solution was poured onto 2 glass plates (84

x 94 mm.) and allowed to gel. A telescopic punch was used to cut 3 circular

reactant wells (4mm. in diameter) on each plate. Horizontal troughs were cut

with a scalpel and the gel removed prior to electrophoresis. On plate #1 (Figure

7a) 10 microliters of Bromthymol Blue, FN 1 and FN2 were placed; the FN antigens

were undiluted. On plate #2 (Figure 11b) 10 microliters of FN was placed in each
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well, undiluted in the first well, diluted with PBS 1:2 in the second and 1:4 in the

third. Electrophoresis was completed in 45 min. at 135 mV/20 mA; the plates

were then placed into a humidity chamber at room temperature for 24 hours.

Precipitation bands were evident after 24 hours and Coomassie Blue protein

staining was done in the manner previously described. Figure 7a demonstrates the

precipitation arcs formed with this technique. Single precipitation arcs were

formed when FN1 was used in the assay. FN2 showed residual staining in the

reaction well which could be eliminated by using higher dilutions of the antigen

preparation (Figure 7b). The purified molecule does readily self-aggregate (38,78)
which may explain why this type of result was obtained. Due to fibronectin's

heterogeneous carbohydrate structure and charge, several classes of fibronectin

may have been identified on electrophoresis. The results of the

immunoelectrophoresis (IEP) experiments indicated the fibronectin antiserum

binds specifically at one antigenic site or region of the fibronectin molecule.

3. Primary Antiserum Working Concentration - Fibronectin Antiserum

The optimum working concentration for anti-human fibronectin antiserum

was determined as follows:

Five micron cryostat sections of normal gingiva were placed on formol

gelatin coated slides. After warming to room temperature, the unfixed sections

were reacted with antiserum in the manner described in the appendix. The

following primary antisera concentrations were used: 1:5, 1:10, 1:20, 1:40, 1:60,

1:80, 1:100, 1:160, 1:320, and 1:640. Goat anti-rabbit IgG conjugated with FITC
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was used at a 1:20 dilution. All dilutions were done with phosphate buffered saline

(PBS). For the avidin-biotin complex (ABC)/peroxidase technique, a similar

procedure was performed to verify the optimum primary antiserum

concentration. The biotinylated goat anti-rabbit IgG was purchased as a kit in

which a 1:200 dilution was utilized.

Rabbit antiserum to laminin was a gift from G.R. Martin (NIDR). The

specificity and working concentration of this antiserum has been previously

established (49,78). A dilution of 1:40 was used and incubation times were

increased from 30 to 60 minutes to ensure bright fluorescence patterns. The

secondary antiserum, rhodamine conjugated goat anti-rabbit IgG, was used at a

1:20 dilution. Normal rabbit IgG was substituted for antilaminin to serve as a

Control.

li. Fibronectin Antigen Absorption Control

Normal gingiva served as substrate tissue to identify the optimum antigen

concentration for antigen absorption controls. One-tenth ml of fibronectin

antigen diluted 1:5, 1:25, 1:50, 1:250 and 1:500 in PBS was mixed with 0.1 ml of

rabbit anti-human fibronectin (1:50) resulting in a fibronectin antiserum dilution

of 1:100 and fibronectin antigen dilutions of 1:10, 1:50, 1:100, 1:500 and 1:1,000.

Each mixture was incubated for 20 minutes at room temperature before placing on

sections. The sections were stained using one of the five prepared dilutions and

comparing them to a section stained with rabbit anti-human fibronectin 1:100

without antigen absorption. A section stained with normal rabbit serum (NRS)

instead of anti-human fibronectin served as another control. Goat anti-rabbit IgG
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conjugated with FITC completed the reaction sequence for all sections. For the

ABC method, a similar procedure was done to determine the proper fibronectin

antigen concentration to serve as an antigen absorption control.

*A more detailed discussion of immunohistochemical labeling and

antiserum specificity can be found in the Appendix.

5. Positive Controls

Positive controls for both fibronectin and laminin were done by using

normal gingiva as substrate tissue. Utilizing the optimum primary antisera

concentrations determined previously, substrate tissue was labeled for fibronectin

and laminin. Indirect immunofluorescence with rabbit anti-human fibronectin

(1:100) and goat anti-rabbit IgG/FITC (1:20) stained fibronectin. Rabbit antiserum

to laminin (1:40) and goat anti-rabbit IgG/Rhodamine (1:20) stained laminin.
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E. Indirect Immunofluorescence with FITC – Fibronectin Labeling

Slides holding specimen sections were washed for 30 minutes in two

changes of phosphate buffered saline (PBS) at pH 7.2. Specimens were rinsed in

distilled water and placed in a moist chamber. Incubation with rabbit IgG anti

human fibronectin (1:100) was done at room temperature for 30 minutes. A PBS

rinse was followed by two 15 minute PBS washes. After a distilled water rinse,

each specimen was incubated with goat anti-rabbit IgG/FITC for 30 minutes in

total darkness at room temperature. Following a PBS rinse and two 15 minute

PBS washes, specimens were dipped in distilled water and cover slips mounted

with PBS/glycerin solution at pH 8.6. In all cases, primary antiserum was

substituted with the corresponding antibody absorbed by antigen and by normal

rabbit serum (NRS) as controls. Observation and photography of the tissue

specimens was performed with a Wild photomicroscope equipped for transmission

fluorescence with a high pressure mercury light source (HBO 200). The pattern

and intensity of staining in both epithelium and connective tissue was recorded.

Any specimens with positive reactions in the epithelium were photographed using

Ektachrome l;00 film (ASA l;00).
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F. Indirect Immunofluorescence with Rhodamine - Laminin Labeling

Specimens were stained for laminin in the same manner as described for

fibronectin labeling with FITC except that a rhodamine conjugated antibody was

used to visualize the primary antiserum bound to laminin. Incubation with rabbit

antiserum to laminin (1:40) was done at room temperature for 60 minutes.

Following PBS rinsing, goat anti-rabbit IgG/Rh (1:20) incubation was done for 30

minutes in total darkness at room temperature. Slide cover slips were mounted

with PBS/glycerin at pH 8.6. Normal rabbit serum (NRS) served as the control.

Observation and photography of the labeled tissue specimens was done as

described for FITC fibronectin labeling.

G. Avidin-Biotin Complex (ABC)/Peroxidase Labeling

Biotinylated anti-rabbit IgG was purchased from Vector Laboratories, Inc.

(Burlingame, CA 94010). Five micron cryostat sections were mounted on formol

gelatin coated slides and fixed in cold acetone for 10 minutes. The slides were air

dried for 10 to 15 minutes and washed in Tris HCl buffer, pH 7.6 for 10 minutes x

2. Slides were dried and placed in a moist chamber and the sections incubated

with 396 goat serum for 20 minutes. Unconjugated rabbit anti-human fibronectin

IgG (1:200) was placed on each section and incubated for 20 minutes. A Tris HCl

buffer wash was followed by a 20 minute incubation with biotin-conjugated goat

anti-rabbit IgG. Following another Tris HCl wash, the sections were incubated for

60 minutes with the avidin-biotin complex (ABC)/peroxidase solution. The
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specimens were again washed and incubated with freshly prepared 3,3 -

diaminobenzidine tetrahydrochloride (DAB) for 5 minutes, washed in buffer for 10

minutes and counterstained with 2% methyl green for 6 minutes, dehydrated and

cover slips mounted with permount. Observation and photography were done with

a Zeiss photomicroscope and Kodachrome 25 film (ASA 25).

H. Classification and Staging of Carcinoma

Of the seven patients with oral squamous cell carcinoma, complete clinical

records were available from six describing the stage of the lesion, its response to

treatment and patient survival. Table V lists this information for each patient.

The classification and staging of the tumors was done by using the TNM

classification system of malignant tumors with T. representing the size of the

primary tumor, N indicating the extent of lymph node involvement and M the

existence of distant metastasis. The mode of treatment and tumor response to

treatment as well as patient survival were also recorded.
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RESULTS

A. Primary Antiserum Concentration for Fibronectin Antiserum

The results of the primary antiserum working concentration experiments

appear in Tables II and III. In normal epithelium, fibronectin was not anticipated

to be strongly evident. Therefore, any cell staining was interpreted as nonspecific

background stain. However, the lamina propria was expected to react rather

strongly because of the presence of abundant collagen which fibronectin readily

binds. The level of epithelial background fluorescence was negligible at 1:80 and

the specific fluorescence end-point was at 1:160. Therefore, the primary

antiserum dilution selected was 1:100. This assured good fibronectin-specific

staining and minimal background reactivity. For the avidin-biotin complex

(ABC)/peroxidase method, a chessboard titration was used to verify optimal

dilutions of the unlabeled primary antiserum and the biotin labeled secondary

antiserum (Table III). The upper number in each box represents stain intensity in

the epithelium and the lower number, stain intensity present in the lamina

propria. To assure reliable and consistent staining, a 1:200 dilution was selected

for experimental use.
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B. Fibronectin Antigen Absorption Control

The results of the optimum antigen absorption control experiment appears

in Table IV. The concentration selected for use was fibronectin (1:10). For the

avidin-biotin complex(ABC)/peroxidase method, the same fibronectin

concentration was found to serve as a good control.

C. Positive Controls for Fibronectin and Laminin

Substrate tissue labeled for fibronectin by IIF with FITC resulted in

positive staining in the basement membrane and several connective tissue

structures. Muscle and blood vessel basement membranes were positive and other

interstitial connective tissue components were reactive for fibronectin. Substrate

tissues labeled for laminin by IIF with rhodamine showed positive staining in

muscle and blood vessel basement membranes and in the basement membrane

separating epithelium from the underlying lamina propria.

D. Normal Oral Mucosa

In sections of normal oral mucosa from 3 different regions (buccal mucosa,

attached gingiva and hard palate), there was no epithelial fibronectin present.

Fibronectin was present only in the basement membrane and underlying

connective tissue. Figure 8 demonstrates the pattern of fibronectin distribution
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within the basement membrane and underlying connective tissue in normal oral

mucosa. Substituting normal rabbit serum for antifibronectin totally abolished

both staining patterns.

Laminin was observed in the basement membranes of blood vessels and

skeletal muscle, it was absent from the epithelium while strongly reactive along

the basement membrane.

E. Nonspecific Inflammation

There was no discernible change in fibronectin distribution in sections

showing nonspecific inflammation when compared to normal oral mucosa.

F. Leukoplakia

There were no discernible changes in the distribution of fibronectin in the

basement membrane or underlying connective tissue in oral leukoplakia when

compared with normal oral mucosa. Several specimens demonstrated significant

epithelial hyperplasia and elongated rete peg formation. However, in none of

these sections was the fibronectin distribution altered. Figure 9(a,b,c,d) are

photomicrographs of a specimen of leukoplakia adjacent to an area of squamous

cell carcinoma; epithelial hyperplasia adjacent to the region of carcinoma was

striking but the distribution of fibronectin was not altered as detected by both the

avidin-biotin complex(ABC)/peroxidase and indirect immunofluorescence (IIF)
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methods. Figure 10(a,b) shows the absence of fibronectin staining in epithelial

cells with the exception of a uniform surface stain considered as artifact. Figure

11(a,b,c) shows a specimen of verrucous hyperplasia labeled for fibronectin using

both the avidin-biotin complex (ABC)/peroxidase and indirect immunofluorescence

(IIF) techniques. Fibronectin appeared to be present in superficial keratinocytes.

Figure 12(a,b,c) shows the reaction obtained using the ABC method to label

fibronectin. There was intense staining in the interstitial connective tissue and

within the keratin pearl.

In the single specimen of severe dysplasia there was no evidence of

fibronectin in the epithelial component and no alteration in the distribution of

fibronectin in the basement membrane or underlying connective tissue.
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G. Squamous Cell Carcinoma

There were a variety of histomorphologic patterns in the 7 specimens of

oral squamous cell carcinoma. Two specimens demonstrated a significant amount

of keratin pearl formation. In one specimen, there was a streaming or pallisading

pattern of epithelial invasion into the adjacent connective tissue. In several

specimens, large islands of cancerous epithelial cells were only separated by thin

connective tissue. In one specimen, the tumor epithelium extended to the skeletal

muscle located in the deep connective tissue.

At the tumor margin in the area of transition from normal oral epithelium

to cancerous epithelium, fibronectin was present in both the basement membrane

and adjacent connective tissue. There was no fibronectin present in the epithelial

component of the tumor. Figure 132 shows reactivity of FITC-labeled antiserum

to fibronectin, there was intense staining for fibronectin in the connective tissue

and within a keratin pearl. Figure 13b is a photomicrograph of the same specimen

reacted with antiserum directed against laminin. The keratin pearl reactivity was

similar to that observed for fibronectin, but the absence of interstitial connective

tissue reactivity was striking. Basement membrane and perivascular structures

positive for laminin were quite distinctive, a broad continuous band of laminin

reactivity surrounded blood vessels and a narrow continuous pattern of staining

was present in the basement membrane.

Figure 14(a,b,c) shows the positive reaction for fibronectin in the

connective tissue between islands of cancerous epithelium. Fibronectin was not

present in tumor epithelial cells and loss of fibronectin in the surrounding

connective tissue stroma was never seen. In contrast, figure 15(a,b) shows laminin
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reactivity present as a narrow, continuous band interfacing between islands of

cancerous epithelium. Figure 16(a,b) shows the morphologic pattern of tumor cell

islands in a patient with squamous cell carcinoma. Figure 16a is an H & E

photomicrograph that illustrates the streaming growth pattern of the lesion and

the thin intervening connective tissue present. Figure 16b shows fibronectin

present within a continous basement membrane structure surrounding tumor

islands and in the adjacent connective tissue. Figure 17(a,b) are photomicrographs

of a specimen of squamous cell carcinoma in which the tumor mass extended up to

the region of striated skeletal muscle. Figure 17b shows the persistence of

laminin surrounding the invasive tumor mass and a laminin-positive basement

membrane in the muscle perimysium.

In the seven patients with oral squamous cell carcinoma, clinical records

were available for six. A clinical evaluation of each patient was performed as

outlined in the Materials and Methods section. The stage of the tumor, mode of

treatment, response to treatment and survival of each patient was recorded (Table

V).

Table VI summarizes in tabular form the distribution of both fibronectin

and laminin in human normal oral mucosa, leukoplakia and squamous cell

carcinoma. The histologic diagnosis of the specimens studied and the location of

fibronectin and laminin are listed.
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DISCUSSION

In this study, the distribution of the glycoproteins fibronectin and laminin

was determined in normal and pathologic oral mucosa. The purpose of this study

was to observe the distribution of both fibronectin and laminin in human normal

oral mucosa, leukoplakia, and squamous cell carcinoma. The presence and

location of fibronectin and laminin was compared with the histologic appearances

in each specimen. We observed the distribution of both glycoproteins in normal

oral mucosa from 3 oral sites; attached gingiva, buccal mucosa and hard palate.

Identification of the structures that normally contain fibronectin and laminin was

done. We determined if the distribution of fibronectin or laminin differed in

leukoplakia with or without epithelial dysplasia, also whether an alteration of

either glycoprotein occurred in leukoplakia that later transformed to carcinoma.

Such a finding would be of great prognostic value to help identify lesions of

leukoplakia that are truely premalignant. The stage of the lesion, the tumor

response to treatment, and patient survival were recorded for these patients. We

compared the staining patterns for fibronectin and laminin for each of the tumors,

any differences in glycoprotein distribution among them might indicate the

behavior of the cancer and the most appropriate treatment necessary.

Fibronectin and laminin are located in distinct structures of normal oral

■ nucCSae In normal oral mucosa, fibronectin was present in blood vessel and

muscle basement membranes and in basement membranes separating epithelium

from the lamina propria. Other connective tissue components were also reactive

for fibronectin; these probably included interstitial collagens and

glycosaminoglycans (GAG's). Fibronectin was not present within or between
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epithelial cells. Our findings corraborate with others which indicate that

fibronectin serves as a general binding protein maintaining normal mesenchymal

epithelial form and function. Fibronectin is an adhesive protein in fibroblast cell

aggregation, and cell-substratum attachment (32), it mediates fibroblast

attachment to collagen (35) and the attachment and spreading of cells on

collagenous matrices (35,36). Fibronectin also binds to other extracellular matrix

components including hyaluronic acid and heparin sulfate (62) to form stable

macromolecular complexes. Although cultured epithelial cells do synthesize

fibronectin (58,69,72,74), it appears that stratified epithelia do not contain it

(95). Other cell membrane structures are apparently responsible for cell-cell

adhesion in epithelia. Among these epithelial cell membrane specializations are

the zonula occludens (tight junction), zonula adherens (intermediate junction), and

macula adherens (desmosome) (96). Laminin was also absent in the epithelium of

normal oral mucosa and was found in basement membrane structures of blood

vessels, muscle, and at the epithelial-connective tissue interface. This was

consistent with the the findings of numerous other authors in a wide variety of

tissues (78,79,80,81,82,83).

In nonspecific inflammation, there was no discernible alteration in the

distribution of either fibronectin or laminin. One might anticipate an increase of

fibronectin in inflammed mucosa due to the release of blood plasma fibronectin

from the serum. Also, because fibronectin binds to certain bacteria (97,98) and

promotes macrophage phagocytosis (99,100,101,102), an increase of macrophage

associated fibronectin could occur. However, such changes were not seen and may

be attributable to the limited sensitivity of the immunolabeling methods used, or,

in vivo, fibronectin does not play a significant opsonic function.
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In leukoplakia with epithelial hyperplasia or verrucoid hyperplasia,

fibronectin and laminin were located in the same regions they occupy in normal

oral mucosa. An occasional positive reaction for fibronectin was seen on

epithelial surfaces but was probably spurious. Such immunoreactivity appears

attributable to slight epithelial folding or edge effect. In 3 or 4 specimens, mild

fibronectin staining was present in intracellular and extracellular regions of

hyperkeratinized epithelium. However, the strong immunoreactivity of both

fibronectin and laminin antisera for keratin pearls suggested that strong

nonspecific binding affinity to keratin was present. Therefore, the faint

reactivity for fibronectin in hyperkeratosis was considered to be nonspecific

binding. There was no evidence of either loss of laminin or de novo laminin

synthesis by basal epithelial cells. The latter might have occurred considering the

increase in epithelial cell proliferation present in these lesions. These results

indicate that new epithelial basal cell attachment to the basement membrane via

laminin was not detectable by the methods used. Similarly, there was no change

in fibronectin or laminin distribution in leukoplakia with epithelial dysplasia. In

addition, none of the patients with leukoplakia have subsequently developed

carcinoma during the course of this investigation. Therefore, the distribution

pattern of fibronectin and laminin in leukoplakia may not afford a means to

identify lesions with a high risk of later transformation.

A number of authors suggest that alteration of the connective tissue

extracellular matrix accompanies the evolution of epithelial cell neoplasia. It is

understood that epithelial-mesenchymal interactions play an important role in

embryogenesis and maintenance of tissue structure and function. In fact, an

interplay between the two has become an active area of research. Bornstein (103)
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first used the term "dynamic reciprocity" to describe the intimate interplay

between epithelial cells and their normal stroma. The mesenchyme often plays a

cardinal role in directing the differentiation of epithelia. Mesenchyme appears to

serve an inducing function to elicit functional differentiation of epithelial cells.

As an example, mesenchyme of the urogenital sinus induces urinary bladder

epithelium to form prostatic acini (104). Conversely, the removal of the

extracellular matrix leads to loss of differentiated functions (105).

Epithelial neoplasms can progress through a series of abnormal states prior

to invasive behavior. This is especially evident in cervical and endometrial

carcinogenesis in which a progression of epithelial atypias have been described

(106,107). A preliminary alteration in these lesions is vaginal hyperplasia and

hyperkeratinization (108). This hyperplasia and keratinization has been induced by

estrogen injection in perinatal mice and is maintained into adulthood even in the

absence of estrogen. Induction of this change requires the maintenance of the

epithelial-mesenchymal unit at the time of estrogen exposure (109). The

continued expression of estrogen-independent vaginal hyperplasia is maintained

into adulthood by an interaction between the abnormal epithelium and

mesenchyme (109).

These findings support the view that neoplasia is an abnormal form of

differentiation (110, 111). In neoplasms, transforming genes may be activated that

are related to normal differentiation. If this is correct, an embryonic inductor

should exist that may regulate the neoplasm. The appropriate extracellular

environment could have a regulatory influence on the induction, progression, and

maintenance of carcinomas. Evidence for this concept exists in bladder (112),

mammary (113), skin (114), oral (115) and salivary tumors (116). The results in this
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study suggest that mesenchymal changes responsible for the development of

epithelial neoplasms in oral mucosa do not directly involve alterations of

fibronectin or laminin.

In oral squamous cell carcinoma, there was surprisingly little change in

distribution of either glycoprotein. In transitional regions of normal and

neoplastic epithelium (i.e. the tumor margin), fibronectin and laminin were

located in their normal tissue sites and at apparently normal concentration.

Therefore, it was impossible to correlate the clinical course of the disease with an

alteration of either fibronectin or laminin distribution. Despite the fact that oral

cancer survival data correlates with stage grouping according to tumor size and

evidence of metastatic spread (1), alterations of fibronectin or laminin do not

appear helpful as a prognostic aid according to the results we obtained. Most of

the tumors studied were either stage I or II according to the TNM classification

(5/6). Of this group of lesions, 4/5 responded well to either surgical or radiation

treatment while one patient currently has recurrent disease. The single patient

with Stage III disease developed recurrent carcinoma that could not be controlled

and resulted in death. However, the presence and distribution of both fibronectin

and laminin was not detectably different between these 6 carcinomas. Therefore,

prediction of treatment response or mortality by means of fibronectin or laminin

distribution is not feasible. From previous studies (50,51,52,66,67,69), it was

hypothesized that loss of connective tissue fibronectin would signal the transition

of premalignant epithelium to neoplastic epithelium. However, in all instances,

fibronectin was present as both a continuous band enveloping neoplastic cells and

uniformly present in the surrounding stroma. Neoplastic epithelia were always

negative for fibronectin indicating neoplastic cell fibronectin synthesis did not
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occur. Other events probably occur in the tumor extracellular matrix that are

responsible for the cleavage of fibronectin. The events observed in this study

were probably the result of a number of molecular events culminating in

neoplastic cell proliferation, connective tissue destruction, and tumor migration

or invasion.

Information presently available suggests that transformation is associated

with changes in fibronectin, collagen and sulfated glycosaminoglycans (117). A

decrease in the amount of surface-associated fibronectin is a consistent finding in

virus transformation models (52). Therefore, a number of possible mechanisms

could explain the loss of fibronectin from the extracellular matrix. Among these

are: decrease in fibronectin synthesis or release of an altered fibronectin

molecule, proteolytic cleavage of fibronectin, altered microfilament function, or

loss of fibronectin receptors.

Human transformed cells continue to synthesize fibronectin but fail to

retain the molecule on their cell surfaces (52,118,119). In addition, the fibronectin

molecule synthesized by transformed human cells appears to be identical to

normal fibronectin in subunit size (118) and in immunologic characteristics

(52,119). Both tumor and stromal proteases may play a role in degradation of the

extracellular matrix. In basal cell carcinoma, collagenase is present only in the

stromal elements surrounding tumor islands and none was present in the epithelial

component of such tumors (120). However, Timpl (121) and Woolley (122) have

reported that skin collagenase fails to degrade type IV collagen under conditions in

which type I, II, and III collagen are cleaved. A separate enzyme might be

involved in the turnover of basement membrane collagen. In well characterized

cell transformation models, there is an enhanced secretion of plasminogen
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activator (123). Plasminogen activator converts serum plasminogen to the

proteolytic enzyme plasmin. It is well known that fibronectin is highly sensitive

to plasmin because of its flexible structure (124). In addition, many connective

tissue cells can synthesize procollagenase which can be activated by serine

proteases to the active protease, collagenase (125,126). Removal of serum

plasminogen or addition of protease (plasmin) inhibitors fails to restore surface

fibronectin to transformed cells (55). Although until recently only intact

fibronectin molecules have been isolated from the media of transformed cultures

(118), a melanoma metastatic cell line can degrade fibronectin. B 16 melanoma

cells are able to invade subendothelial matrix and degrade matrix polypeptides and

sulfated proteoglycans (127). Subendothelial fibronectin was cleaved into an

unmodified alpha form (Mr-230,000) and a tumor-cell modified beta form

(Mr=225,000). The results obtained in experiments of cocultures of normal and

transformed cells are at variance as well. One study determined that normal and

transformed cells when cultured together retain their respective fibronectin

positive and fibronectin-negative phenotypes (128). A similar study reported a

significant loss of surface fibronectin from normal cells when transformed cells

were layered over the previously cultured normal cells (129). The latter result

suggests that degradative enzymes from the neoplastic cells were responsible for

cleavage of surface fibronectin from their normal counterparts. These findings

indicate that plasmin proteolysis of extracellular matrix components is not

responsible for matrix component degradation or that other as yet unidentified

proteases are also involved. Such proteases may be synthesized by the tumor cells

(127), by fibroblasts (125) or macrophages (130). Indeed, many forms of

connective tissue invasion occur in normal development and in other biologic
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events. For example, plasminogen activator is present in trophoblasts and

probably mediates tissue remodeling during embryogenesis (131). Ovarian

granulosa cells also contain plasminogen activator and its release triggers

follicular wall degradation to allow ovulation (132).

Transformed cells usually have less well-ordered microfilaments and

readdition of fibronectin causes changes in the organization of intracellular

microfilaments (133). This disruption of microfilament bundles and their

importance for fibronectin retention is not well understood. It is interesting to

note that during mitosis, fibronectin loss and microfilament disorganization occur

(12). Cell adherence or anchorage to the extracellular matrix may not be required

during cell division and proliferation (134). In fact, malignantly transformed cells

have escaped normal anchorage dependence (135) and are able to grow in

suspension. Therefore, altered microfilament function and loss of fibronectin

interaction may allow neoplastic cells to proliferate dramatically.

Proteases are mitogenic for fibroblasts and diminish the amounts of

fibronectin and alter microfilament organization (17). Trypsin, collagenase,

plasmin, alpha-chymotrypsin and thrombin significantly stimulate chick embryo

fibroblast cell division (17). It has recently been determined that human breast

tumor matrix is mitogenic for fibroblasts (136). The newly acquired fibroblasts

showed a marked change in cell morphology, growth pattern, and loss of contact

inhibition. Previously, the same authors discovered a l;00 to 500 percent increase

in collagen synthesis when human fibroblasts were plated on the extracellular

matrix of breast tumor cells.

Therefore, the release of proteases by tumor cells or elicited release from
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protease-containing cells in the stroma may explain, in part, how a tumor induces

modulation of its surrounding extracellualr matrix. An apparent increase of

connective tissue components (e.g. collagen and fibroblasts) may actually be the

production of a debilitated extracellular matrix incapable of preventing tumor cell

migration. Such a series of events may also explain why in this study there was no

apparent diminution of stromal fibronectin. Theoretically, this reactive stromal

matrix could continue to elicit further neoplastic proliferation by liberation of

large amounts of "embryonic" inducer molecules.

A similar curious finding was the uniformily continuous laminin-positive

basement membrane structure enveloping all neoplastic epithelial islands. This

indicated that laminin was present during tumor migration and invasion. Perhaps

it continues to serve its normal function as an epithelial attachment

glycoprotein. Laminin-mediated neoplastic epithelial cell attachment to a

continually elaborated basement membrane may afford a mechanism for tumor

migration. Highly malignant cell lines attach preferentially to type IV collagen

rather than to other collagen types (70). Tumor cells do readily adhere to exposed

areas of the basement membrane (137) and B16 melanoma cells attach firmly and

spread on subendothelial matrix with no evidence of matrix degradation prior to

invasion (138).

It is often believed that the transition from in situ to invasive carcinoma is

accompanied by degradation of the underlying basement membrane (139). Local

dissolution of the basement membrane was observed with tumor cells entering or

exiting vascular channels (140). Focal breaks in the basement membrane were

observed in cervical carcinoma (141) and experimentally induced carcinoma of the

skin (142). However, some areas of invasive cervical carcinoma do form basal
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lamina (141) and some epithelial tumors produce large quantities of basal lamina

material (143). In fact, the EHS sarcoma has been a convenient source of both

laminin (84) and type IV collagen (85). Pierce (144) concluded that basement

membrane formation by tumors represents retention of normal epithelial

secretory function and the basement membrane does not act as a barrier to

growth.

An alteration of the extracellular matrix beneath epithelial cells appears to

be a prerequisite for the evolution and maintenance of neoplasia. Tissue

recombination studies have demonstrated that epithelial tumors recombined with

normal Extracellualar matrix regress (116,145). Just as epithelial-mesenchymal

interactions are necessary in normal tissue development, an alteration of both

epithelium and connective tissue may be required for progression of neoplasia. If

this proves to be true, an abnormal epithelial and stromal component can

synergistically promote neoplastic progression and invasion.

The variety of types of neoplasia and their different biologic and clinical

activities suggests differences exist in both the neoplastic epithelial cell

population and its associated connective tissue extracellular matrix. The gene

pool of different cell types may equip them with varying capacities for

proliferation and metastatic dissemination. Perhaps highly metastatic tumor cells

such as the EHS sarcoma or the B 16 melanoma can gain access to vascular

structures because they contain unique proteases capable of solubilizing the

limiting subendothelial matrix. The pulmonary metastasis of the T241

fibrosarcoma sarcoma liberates a neutral protease that specifically cleaves type

IV collagen (146) and highly invasive and metastatic B 16 melanoma cell lines

readily solubilize sulfated glycosaminoglycans (147).
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The findings of this study support the view that neoplasia is an abnormal

form of differentiation. In oral squamous cell carcinoma, loss of fibronectin or

laminin was not observed. Transformation of both epithelial cells and fibroblasts

may be required for progression of neoplasia with subsequent tumor migration.

Transforming genes located in each cell population may be required to enhance

neoplastic cell proliferation and production of an abnormal extracellular matrix.

Proteases liberated by both stromal and neoplastic cells can serve as a means to

modulate the extracellular matrix and enhance tumor cell proliferation. Laminin

may, in fact, assist neoplastic cell attachment to the connective tissue

extracellular matrix via type IV collagen. Highly metastatic cells may possess

proteases capable of degrading type IV collagen in endothelial basement

membranes to offer neoplastic cells access to vascular channels promoting tumor

cell dissemination. Neoplasms with limited metastatic potential may be deficient

in the proteases required for endothelial basement membrane degradation.
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SUMMARY

Lesions such as leukoplakia present difficulties in diagnos is and proper

treatment because the significance of clinical and histopathological features of

these lesions are disputed among obser vers and predict ion of the ir

future behavior is not reliable. Fibronectin is a ubiquitous blood

plasma glycoprote in which mediates a variety of cell functions and

numerous studies have documented the loss of fibrobl as t-associated

fibronectin in malignantly transformed cells. Such findings have led to the

hypothesis that the loss of surface fibronectin may allow tumor cells to

metastasize because of the altered interactions between tumor cells and their

surround i ng extrace l l u lar matrix. Lamin in is another recently

discovered glycoprotein that is only present in basement membranes. At the

present time, laminin appears to serve as the attachment factor for epithelial

cells to the basement membrane. In fact, laminin assists epithelial attachment to

a specific component of basement membranes, that being type IV collagen.

We observed whether human oral lesions of leukoplakia and squamous cell

carcinoma differed with respect to the distribution of fibronectin when compared

to normal oral mucosa. We also observed the distribution of laminin in human

normal oral mucosa, leukoplakia and squamous cell carcinoma. We determined if

fibronectin or laminin was lost in some leukoplakia lesions and whether those

lesions eventually converted to neoplasia. Also, we determined if basement

membrane laminin was present surrounding oral squamous cell carcinoma.

We obtained biopsy specimens from patients who presented at the Oral
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Medicine Clinic of the School of Dentistry, University of California, San Francisco

with suspected precancerous or cancerous lesions. We used both an indirect

immunofluorescence and an avidin-biotin complex (ABC)/peroxidase technique to

label fibronectin. Specificity of the human fibronectin antiserum was verified by

immunodiffusion (ID), immunoelectrophoresis (IEP) and antiserum absorption prior

to tissue incubation. Antiserum to laminin was obtained from a donor and

rhodamine-labeled antiserum was used to visualize the antiserum-bound laminin.

The results obtained indicate that fibronectin and laminin are located in

distinct structures of human normal oral mucosa. Fibronectin was present within

basement membranes of blood vessels, muscles and separating epithelium from

lamina propria. It was also present in other interstitial connective tissue

components not identifiable by these methods. In no case was fibronectin located

in the epithelium. Laminin was present in the same basement membranes as

described for fibronectin, but was never seen in epithelium or interstitial

connective tissue with the exception of blood vessel and muscle basement

membranes. In nonspecific inflammation, and all lesions of leukoplakia,

fibronectin and laminin distribution was no different than that seen in normal oral

mucosa. Unfortunately, this does not offer a means of classifying the truely

premalignant leukoplakia lesion. In oral squamous cell carcinoma, fibronectin was

always present in the stroma surrounding neoplastic epithelium and was not

synthesized by the neoplastic epithelium. Laminin was always present as a

continuous structure enveloping neoplastic islands.

This study indicates that both fibronectin and laminin continue to serve a

functional role in tissue interactions occurring in neoplastic oral mucosa. The
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persistence of both glycoproteins in their normal tissue sites lends support to the

hypothesis that neoplasia is an abnormal form of differentiation. The

extracellular environment could play an important regulatory role in neoplastic

induction, progression and maintenance. The alterations of the epithelial and

mesenchymal elements in carcinogenesis of oral mucosa must involve more basic

molecular events than those observed in this investigation. The end result may be

an enhanced but abnormal form of differentiation characterized by significant but

poorly coordinated epithelial and stromal growth patterns and quite rapid turnover

of basement membrane components. Fibronectin may well be present in normal

amounts but be unable to function properly due to the derangement in other

extracellular matrix components. Likewise, new basal lamina components,

laminin and type IV collagen may be synthesized by the neoplasm or components

of the stroma to aid tumor invasion.

Although the results of this study do not offer immediate benefits in the

management of patients presenting with leukoplakia or squamous cell carcinoma,

it does suggest that other molecular changes must occur to trigger the abnormal

growth patterns present in these lesions. In particular, it emphasizes that

alteration of the basement membrane may occur in only a limited or selective

fashion. Retention of normal growth functions of basement membrane

components may be required for tumor induction, progression, and invasion. The

traditional conception of the basement membrane acting as a barrier to growth

and tumor invasion may require modification.
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APPENDIX

The method of detection of fibronectin and laminin in this study was by

indirect immunofluorescence and the avidin-biotin complex (ABC)/peroxidase

technique.

A. Immunohistochemical Labeling

Immunohistochemical labeling is the localization of specific substances

(antigens) in tissue by means of specific antibody binding. Visualization of this

antigen-antibody binding in tissue sections is achieved by the covalent coupling of

fluorescent molecules or enzymes to substances that bind directly or indirectly to

the tissue substance of interest.

Direct immunofluorescence (DIF) is the attachment of fluorescent antibody

to a tissue antigen. A separate fluorescent antibody is required for each antigen

studied and thus this method lacks the versatility available with the indirect

immunofluorescent technique. Indirect immunofluorescence (IIF) is a sandwich

technique in which a fluorescent IgG is used to detect the presence of a specific

antibody previously attached to the antigen of interest. This method is valuable

for two major reasons: a) antigens that are difficult to obtain preclude the

production of large quantities of fluorescent specific antibodies and b) the indirect

technique allows amplification of fluorescence by a factor of 3 or 4. Another

popular technique for immunolabeling are the various immunoenzyme methods. In

these techniques a marker enzyme rather than a fluorescent molecule is used to

visualize the location of the antigen of interest. Three commonly used enzymes
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are E. coli alkaline phosphatase, Aspergillis niger glucose oxidase, and horseradish

peroxidase. These enzymes have been frequently used in an indirect antibody

labeling procedure by enzyme attachment to a second stage antibody that binds to

a primary antibody previously bound to a specific tissue antigen. The substrate

most frequently used for demonstration of peroxidases has been 3,3'-

diaminobenzidine (DAB) (148). This reagent is a carcinogen, so alternative

substrates are being developed. Mason, et.al. (149,150) and Sternberger (151)

developed an unlabeled antibody enzyme technique, the Peroxidase-Antiperoxidase

(PAP) method. This immunoperoxidase procedure increases the sensitivity 4 to 5

times that possible with the simple indirect immunoperoxidase technique. The

sensitivity of the technique is dependent upon the formation of a stable

peroxidase-antiperoxidase complex that increases the number of peroxidase

enzymes available for reaction.

The most recent step in the evolution of these immunoenzyme techniques

has been the development of the Avidin-Biotin Complex (ABC)/Peroxidase method

as an alternative to the unlabeled antibody (PAP) procedure (152). Guedson, et.

al. (153) developed two procedures using avidin-biotin interaction in quantitative

enzyme immunoassay. Avidin is an egg white glycoprotein with an extraordinary

affinity for the vitamin, biotin. Covalently coupling biotin to IgG or peroxidase

molecules gives them the ability to bind avidin molecules. The indirect bridged

avidin-biotin technique therefore couples the affinity of specific antibody for

their respective antigen in tissue with the strong affinity of avidin for biotin to

attach peroxidase molecules to tissue-labeled antigens. Following the addition of

biotin-labeled secondary antibody, a preformed avidin-biotin-peroxidase complex

is added. Visualization by addition of DAB reveals the peroxidase molecules.
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The affinity of avidin to biotin is quite remarkable, the dissociation

constant is 10-4”M. (154). Most antigen-binding sites of antibodies have binding

(dissociation) constants that range from 10-" to 10-'9M. (154). Therefore, the
improved sensitivity and specificity of this technique over the PAP method may,

in part, be attributable to this difference in binding affinity.

B. Antiserum Specificity

Specificity of antiserum can be verified by several methods. Gel diffusion,

immunoelectrophoresis, and specific antigen preabsorption are the most reliable

methods. Gel diffusion techniques have been used since 1897 to create

immunoprecipitates by the interaction of soluble antigen and the corresponding

antiserum. Immune complexes formed after antigen-antibody interaction rapidly

exceed the gel pore size and precipitate in the gel. An equivalent ratio of antigen

and antibody is best employed to ensure a balanced gel diffusion system. The

ratio of reactants present at the shortest time of precipitation is called the

optimal ratio (OR). If the optimal ratio is not predetermined, precipitate

formation can be partially or totally inhibited.

Electrophoresis is the migration of charged particles in a conductive

solvent under the influence of an electric field. The amount of charge and the

size and shape of molecules placed in the medium affect the rate of migration.

More rapid separation can be achieved by using an increased voltage; a cooling

system is employed to avoid excessive heat production with resulting dehydration

and deformation of the gel. Immunoelectrophoresis (IEP) combines gel
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electrophoresis and gel diffusion to determine antiserum specificity. Following

the separation of distinct particles by electrophoresis, antiserum specific for the

test antigen is placed in the medium and diffusion of both the separated antigens

and the antiserum takes place. If a single precipitation arc is formed, the

antiserum is considered to be monospecific for the antigens evaluated.

A schematic representation of the IEP technique is shown in Figure 9. In

the first step, gel electrophoresis is performed which would separate the distinct

antigens present (i.e. a-b-c). In the second step, immunodiffusion of the

corresponding antiserum (A-B-C) causes specific precipitate arcs to form.

Immunodiffusion and immunoelectrophoresis can be used to identify an

antiserum that is not monospecific. However, monospecificity for a particular

tissue antigen can be best proven by the admixture of pure antigen and antiserum

prior to tissue staining (155). If this antigen absorption prevents antiserum

binding, the specificity of the antiserum can be assured. Optimum absorbing

antigen concentration must be determined by experimentation.

The immunochemical reagents should stain only by means of specific

immunological reactions. Electrostatic and hydrophobic binding of stain reagents

is conceivable but with proper methods can be adequately eliminated and

confirmed by control reactions. The net positive (+) charge of tissues in relation

to immunoglobulins could cause nonspecific staining. Therefore, conjugates of low

fluorochrome/protein ratio are advisable; a low F/P ratio minimizes the negative

charge of the conjugate (155). Following fluorochrome conjugation,

macromolecular protein aggregates can form and adhere to tissue nonspecifically

by means of hydrophobic bonding. Centrifugation of fluorochrome conjugates

prior to specimen staining will effectively remove these aggregates. The final
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possible source of nonspecificity is binding of conjugated antiserum to Fe

receptors located in tissue. However, the affinity of these receptors is generally

low and a moderate dilution of the conjugate will significantly diminish this type

of staining (76).

The proof of specificity of antigen localization in tissue differs dependent

upon the method used, i.e. DIF or IIF. Regardless of the technique employed, both

method specificity and antibody specificity must be verified. The former requires

that no staining should be evident in the absence of the primary antiserum. The

second requirement is that staining should be abolished by the absorption of the

antiserum with the primary antigen. When using direct immunofluorescence (DIF),

staining should be inhibited by preincubation of the tissue section with

unconjugated specific immune serum but not by nonimmune serum. This is

commonly referred to as a Blocking Test. When using the indirect

immunofluorescent (IIF) method, staining should not occur when the conjugated

antiserum is first absorbed with the antigen. This is an absorption control.

Staining should also be eliminated when either nonimmune primary antiserum or

no primary antiserum is used.



52

REFERENCES

1. Silverman, S., Jr Ed: Oral Cancer, The American Cancer Society, Publ.;1981.

2. WHO Collaborating Centre for Oral Precancerous Lesions: Definition of

leukoplakia and related lesions: An aid to studies on oral precancer. Oral Surg,

Oral Med, Oral Path l;6:518, 1978.

3. Pindborg, J.J., Jolst, O., Renstrup, G. and Roed-Peterson, B.: Studies in oral

leukoplakia: A preliminary report on the period prevalence of malignant

transformation in leukoplakia based on a follow-up study of 248 patients. JADA

76:767,1968.

4. Silverman, S., Jr. and Rosen, R.D.: Observations on the clinical characteristics

and natural history of oral leukoplakia. JADA 76:772, 1968.

5. Kramer, I.R.H.: Precancerous conditions of the oral mucosa. A computer-aided

study. Ann R Coll Surg Eng H5:340,1969.

6. Silverman, S., Jr., Gorsky, M. and Lozada, F.: Oral leukoplakia and malignant

transformation: A follow-up of 257 patients. Cancer: In Press, 1983.

7. Waldron, C.A. and Shafer, W.G.: Leukoplakia revisited. A clinicopathologic

study of 3,256 oral leukoplakias. Cancer 36:1386, 1975.

8. Kramer, I.R.H., El-Labban, N.G. and Sonkodi, S.: Further studies on lesions of

the oral mucosa using computer-aided analyses of histological features. Br. J.

Cancer 29:223, 1974.

9. Kramer, I.R.H., Lucas, R.B., El-Labban, N. and Lister, L.: A computer-aided

study on the tissue changes in oral keratoses and lichen planus, and an analysis of

case groupings by subjective and objective criteria. Br. J. Cancer 24:407, 1970.



53

10. Kramer, I.R.H., Lucas, R.B., El-Labban, N. and Lister, L.: The use of

discriminant analysis for examining the histological features of oral keratoses and

lichen planus. Br. J. Cancer 24:673, 1970.

11. Morrison, P.R., Edsall, J.T. and Miller, S.G.: Preparation and properties of

serum and plasma proteins XVIII. The separation of purified fibrinogen from

fraction 1 of human plasma. J. Am. Chem. Soc. 70:3103,1948.

12. Hynes, R.O. and Bye, J.M.: Density and cell cycle dependence of cell surface

proteins in hamster fibroblasts. Cell 3:113, 1974.

13. Ruoslahti, E. and Vaheri, A.: Novel human serum protein from fibroblast

plasma membrane. Nature 248:790, 1974.

14. Yamada, K.M. and Weston, J.A.: Isolation of major cell surface glycoprotein

from fibroblasts. Proc. Natl. Acad. Sci. U.S.A. 71:3492, 1974.

15. Pearlstein, E.: Plasma membrane glycoprotein which mediates adhesion of

fibroblasts to collagen. Nature 62:497, 1976.

16. Gahmberg, C.G., Kiehn, D. and Hakomori, S.: Changes in surface-labelled

galactoprotein and in glycolipid concentrations in cells transformed by a

temperature-sensitive polyoma virus mutant. Nature 248:413, 1974.

17. Blumberg, P.M. and Robbins, P.W.; Effect of proteases on activation of resting

chick embryo fibroblasts and on cell surface proteins. Cell 6:137, 1975.

18. Saba, T.M.: Physiology and physiopathology of the reticuloendothelial system.

Arch. Intern. Med. 126:1031, 1970.

19. Grinnell, F.: The serum dependence of baby hamster kidney cell attachment to

a substratum. Exp. Cell Res. 97:265,1976.

20. Wolff, J., Timpl, R., Pecker, I. and Steffen, C.: A two-component system of

human serum agglutinating gelatine-coated erythrocytes. Vox Sang. 12:443, 1967.



5 l;

21. Kuusela, P., Ruoslahti, E., Engvall, E. and Vaheri, A.: Immunological

interspecies cross-reactions of fibroblast surface-antigen (fibronectin).

Immunochemistry 13:639, 1976.

22. Linder, E., Vaheri, A., Ruoslahti, E. and Wartiovaara, J.: Distribution of

fibroblast surface antigen in the developing chick embryo. J Exp Med

142:41, 1975.

23. Linder, E., Stenman, S., Lehto, V.P. and Vaheri, A.: Distribution of fibronectin

in human tissues and relationship to other connective tissue components. Ann NY

Acad Sci 312:151, 1978.

24. Schachner, M., Schoonmaker, G. and Hynes, R.O.: Cellular and subcellular

localization of LETS protein in the nervous system. Brain Res 158:149, 1978.

25. Matsuda, M., Yoshida, N., Aaki, N. and Wakabayashi, K.: Distribution of cold

insoluble globulin in plasma and tissues. Ann NY Acad Sci 312:74, 1978.

26. Stenman, S. and Vaheri, A.: Distribution of a major connective tissue protein,

fibronectin, in normal human tissues. J Exp Med 147:1054, 1978.

27. Dessau, W., Sasse, J., Timpl, R., Jilek, F. and wonderMark, K.: Synthesis and

extracellular deposition of fibronectin in chondrocyte cultures. J Cell Biol

79:342, 1978.

28. Couchman, J.R., Gibson, W.T., Thom, D., Weaver, A.C., Rees, D.A. and Parish,

W.E.: Fibronectin distribution in epithelial and associated tissues of the rat. Arch

Dermatol Res 266:295,1979.

29. Mosesson, M.W. and Umfleet, R.A.: The cold-insoluble globulin of human

plasma. I. Purification, primary characterization and relationship to fibrinogen

and other cold-insoluble fraction components. J Biol Chem 245:5728, 1970.



55

30. Plow, E.F., Birdwell, C. and Ginsberg, M.H.: Identification and quantitation of

platelet-associated fibronectin antigen. J. Clin Invest 63:540, 1979.

31. Hynes, R.O., Ali I.U., Destree, A.J., Mautner, W., Perkins, M.E., Senger, D.R.,

Wagner, D.D. and Smith, K.K.: A large glycoprotein lost from the surfaces of

transformed cells. Ann NY Acad Sci 312:317, 1978.

32. Bensusan, H.B., Koh, T.L., Henry, K.G., Murray, B.A. and Culp, L.A.: Evidence

that fibronectin is the collagen receptor on platlet membranes. Proc Natl Acad

Sci USA 75:5864, 1978.

33. Hahn, L-H., E. and Yamada, K.M.: Isolation and biological characteristics of

active fragments of the adhesive glycoprotein fibronectin. Cell 18:1043, 1979.

34. Singer, I.I.: The fibronexus: a transmembrane association of fibronectin

containing fibers and bundles of 5 nm microfilaments in hamster and human

fibroblasts. Cell 16:675, 1979.

35. Keski-oja, J., Sen, A. and Todaro, G.J.: Direct association of fibronectin and

actin molecules in vitro. J Cell Biol 85:527, 1980.

36. Pearlstein, I. and Gold, L.I.: High-molecular-weight glycoprotein as a mediator

of cellular adhesion. Ann NY Acad Sci 312:278, 1978.

37. Grinell, F. and Hays, D.G.: Cell adhesion and spreading factor: Similarity to

cold insoluble globulin in human serum. Exp Cell Res 115:221, 1978.

38. Mosesson, M.W. and Armani, D.L.: The structure and biological activities of

plasma fibronectin. Blood 56:145, 1980.

39. Sekiguchi, K. and Hakomori, S.; Functional domain structure of fibronectin.

Proc. Natl. Acad. Sci. USA 77:2661, 1980.



56

40. McDonald, J.A. and Kelley, D.G.: Degradation of fibronectin by human

leukocyte elastase: release of biologically active fragments. J. Biol. Chem.

255:8848, 1980.

41. McDonald, J.A., Broekelman, T.J., Kelley, D.G. and Williger, B.: Gelatin

binding domain-specific anti-human plasma fibronectin Fab1 inhibits fibronectin
mediated gelatin binding but not cell spreading. J. Biol. Chem. 265:5583, 1981.

42. Burridge, K.: Changes in cellular glycoproteins after transformation:

Identification of specific glycoproteins and antigens in sodium dodecyl sulfate

gels. Proc. Natl. Acad. Sci. USA 73:4457, 1976.

43. Ruoslahti, E., Vaheri, A., Kuusela, P. and Linder, E.: Fibroblast surface

antigen: A new serum protein. Biochim. Biophys. Acta 322:352, 1973.

44. Kleinman, H.K., Martin, G.R. and Fishman, P.H.: Ganglioside inhibition of

fibronectin-mediated cell adhesion to collagen. Proc. Natl. Acad. Sci., USA

76:3367,1979.

45. Marceau, N., Goyette, R., Deschenes, J. and Valet, J-P.: Morphological

differences between epithelial and fibroblast cells in rat liver cultures, and the

roles of cell surface fibronectin and cytoskeletal element organization in cell

shape. Ann. N.Y. Acad. Sci. USA 349:138, 1980.

46. West, C.M., Lanza, R., Rosenbloom, J., Lowe, M. and Holtzer, H.: Fibronectin

alters the phenotypic properties of cultured chick embryo chondroblasts. Cell

17:491, 1979.

47. Rennard, S.I., Wind, M.L., Hewitt, A.T. and Kleinman, H.K.: Effect of collagen

and cell shape on binding of fibronectin to cells. Arch. Biochem. Biophys.

206:205,1981.



57

48. Pennypacker, J.P.: Modulation of chondrogenic expression in cell culture by

fibronectin. Vision Res. 21:65, 1981.

49. Foidart, J-M., Berman, J.J., Paglia, L., Abe, S., Perantoni, A. and Martin,

G.R.: Synthesis of fibronectin, laminin and several collagens by a liver-derived

epithelial line. Lab. Invest. 42:525, 1980.

50. Gahmberg, C.G. and Hakomori, S.: Altered behavior of malignant cells

associated with changes in externally labelled glycoprotein and glycolipid. Proc.

Natl. Acad. Sci. USA 70:3329, 1973.

51. Hynes, R.O.: Alteration of cell-surface proteins by viral transformation and by

proteolysis. Proc. Natl. Acad. Sci. USA 70:3170, 1973.

52. Vaheri, A., Ruoslahti, E., Westermark, B. and Ponten, J.: A common cell-type

specific surface antigen in cultured human glial cells and fibroblasts: lost in

malignant cells. J. Exp. Med. 143:64, 1976.

53. Jaffe, E.A. and Mosher, D.F.: Synthesis of fibronectin by cultured human

endothelial cells. J. Exp. Med. 147: 1779, 1978.

54. Birdwell, C.R., Gospodarowicz, D. and Nicolson, G.L.: Identification,

localization and role of fibronectin in cultured bovine endothelial cells. Proc.

Natl. Acad. Sci. USA 35:3273, 1978.

55. Hynes, R.O.: Cell surface protein and malignant transformation. Biochim.

Biophys. Acta H58:73, 1976.

56. Furcht, L.T., Mosher, D.F. and Wendelschafer-Craab, G.: Immunocytochemical

localization of fibronectin (LETS proteins) on the surface of L6 myoblasts: light

and electron-microscopic studies. Cell 13:263, 1978.



58

57. Chen, L.B., Gallimore, P.H. and McDougall, J.K.: Correlation between tumor

induction and the large extracellular transformation-sensitive protein on the cell

surface. Proc. Natl. Acad. Sci. USA 73:3570, 1976.

58. Quaroni, A., Isselbacher, K.J. and Ruoslahti, E.; Fibronectin synthesis by

epithelial crypt cells of rat small intestine. Proc. Natl. Acad. Sci. USA

76:5548, 1978.

59. Engvall, E. and Ruoslahti, E.: Binding of soluble form of fibroblast surface

protein, fibronectin to collagen. Int. J. Cancer 20:1, 1977.

60. Jilek, F. and Hormann, H.: Cold-insoluble globulin (fibronectin) IV. Affinity to

soluble collagen of various types. Hoppe-Seyler's Z. Physiol. Chem. 359:247, 1978.

61. Perkins, M.E., Ji, T.H. and Hynes, R.O.: Cross-linking of fibronectin to

sulfated proteoglycans at the cell surface. Cell 16:941, 1979.

62.Yamada, K.M., Kennedy, D.W., Kimata, K. and Pratt, R.M.: Characterization of

fibronectin interactions with glycosaminoglycans and identification of active

proteolytic fragments. J. Biol. Chem. 255:6055, 1980.

63. Engvall, E., Ruoslahti, E. and Miller, E.J.: Affinity of fibronectin to collagen

of different genetic types and to fibrinogen. J Exp Med 147: 1584, 1978.

64. Ruoslahti, E. and Engvall, E.: Complexing of fibronectin, glycosaminoglycans

and collagen. Biochim. Biophys. Acta 631:350, 1980.

65. Podleski, T.R., Greenberg, I., Schlessinger, J. and Yamada, K.M.: Fibronectin

delays the fusion of L6 myoblasts. Exp Cell Res 122:317, 1979.

66. Hogg, N.M.: A comparison of membrane proteins of normal and transformed

cells by lactoperoxidase labeling. Proc. Natl. Acad. Sci. USA 71:489, 1974.



59

67. Robbins, P.W., Wickus, G.G., Branton, P.E., Gaffrey, B.J., Hirschberg, C.B.,

Fuchs, P. and Blumberg, P.M.: The chick fibroblast cell surface following

transformation by Rous sarcoma virus. Cold Spring Harbor Symp. Quant. Biol.

39:1173, 1974.

68. Yoshimura, M., Jimenez, S.A. and Kaji, A.: Effects of viral transformation on

synthesis and secretion of collagen and fibronectin-like molecules by embryonic

chick chondrocytes in culture. J. Biol. Chem. 256:9111,1981.

69. Chen, L.B., Burridge, K., Murray, A., Walsh, M.L., Copple, C.D., Bushnell, A.,

McDougall, J.K. and Gallimore, P.H.: Modulation of cell surface glycocalyx:

studies on large, external, transformation-sensitive protein. Ann. N.Y. Acad. Sci.

USA 312:366,1978.

70. Murray, J.C., Liotta, L., Rennard, S.I. and Martin, G.R.: Adhesion

characteristics of murine metastatic and nonmetastatic tumor cells in vivo.

Cancer Res. 40:347, 1980.

71. Crouch, E., Balian, G. Holbrook, K., Duksin, D. and Bornstein, P.: Amniotic

fluid fibronectin. Characterization and synthesis by cells in culture. J. Cell Biol.

78:701, 1978.

72. Alitalo, K. Kurkinen, M. and Vaheri, A.: Extracellular matrix components

synthesized by human amniotic epithelial cells in culture. Cell 19:1053, 1980.

73. Zetter, B.R., Daniels, T.E., Quadra-White, C. and Greenspan, J.S.: LETS

protein in normal and pathological human oral epithelium. J. Dent. Res.

58:484, 1979.

74. Stoner, G.D., Katoh, Y., Foidart, J-M., Trump, B.F., Steinert, P.M. and Harris,

C.C.: Cultured human bronchial epithelial cells: blood group antigens, keratin,

collagens and fibronectin. In Vitro 17:577, 1981.



60

mm-Tº--- *-> - * * *-

75. Fryand, O.: Studies on fibronectin in the skin. V. Indirect immunofluorescence

studies in dermatitis herpetiformis. Dermatologica 162:220, 1981.

76. Scott, D.L., Morris, C.J., Blake, A.E., Low-Beer, T.S. and Walton, K.W.:

Distribution of fibronectin in the rectal mucosa. J. Clin. Path. 34:749, 1981.

77. Oberley, T.D., Mosher, D.F. and Mills, M.D.: Localization of fibronectin within

the renal glomerulus and its production by cultured glomerular cells. Amer. J.

Path. 96:651, 1979.

78. Foidart, J-M., Bere, E.W., Yaar, M., Rennard, S.I., Guillino, M., Martin, G.R.

and Katz, S.I.: Distribution and immunoelectron microscopic localization of

laminin, a noncollagenous basement membrane glycoprotein. Lab. Invest.

42:336,1980.

79. Rohde, H., Wick, G. and Timpl, R.: Immunochemical characterization of the

basement membrane glycoprotein laminin. Eur J Biochem 102:195,1979.

80. Foidart, J-M. and Reddi, A.H.: Immunofluorescent localization of type IV

collagen and laminin during endochondral bone differentiation and regulation by

pituitary growth hormone. Dev. Biol. 75:130, 1980.

81. Madri, J.A., Roll, F.J., Furthmayr, H. and Foidart, J-M.: Ultrastructural

localization of fibronectin and laminin in the basement membrane of the murine

kidney. J. Cell Biol. 86:682, 1980.

82. Cheng, A.E., Jaffe, R., Freeman, I.L., Vergnes, J.P., Braginski, J.E. and

Carlin, B.: Properties of a basement membrane-related glycoprotein synthesized

in culture by a mouse embryonal carcinoma-derived cell line. Cell 16:277, 1979.

83. Sakashita, S. and Ruoslahti, E.: Laminin-like glycoproteins in the extracellular

matrix of endodermal cells. Arch. Biochem. Biophys. 205:283, 1980.



61

84. Timpl, R., Rohde, H., Gehron-Robey, P., Rennard, S.L., Foidart, J-M. and

Martin, G.R.: Laminin - A glycoprotein from basement membranes. J. Biol.

Chem. 254:9933, 1979.

85. Timpl; R., Martin, G.R., Bruckner, P., Wick, G. and Wiedemann, H.; Nature of

the collagenous protein in a tumor basement membrane. Eur J Biochem

34:43, 1978.

86. Murray, J.C., Stingl, G., Kleinman, H.K., Martin, G.R. and Katz, S.I.:

Epidermal cells adhere preferentially to type IV (basement membrane) collagen.

J. Cell Biol. 80:197, 1979.

87. Terranova, V.P., Rohrbach, D.H. and Martin, G.R.: Role of laminin in the

attachment of PAM 212 (epithelial) cells to basement membrane collagen. Cell

22:719, 1980.

88. Johansson, S., Kjellen, L., Hook, M. and Timpl, R.: Substrate adhesion of rat

hepatocytes: a comparison of laminin and fibronectin as attachment proteins. J.

Cell Biol. 90:260, 1981.

89. Kleinman, H.K., Klebe, R.J. and Martin, G.R.: Role of collagenous matrices in

the adhesion and growth of cells. J. Cell Biol. 88:473, 1981.

90. Hogan, BLM, Taylor, A., Kurkinen, and Couchman, J.R.: Synthesis and

localization of two sulphated glycoproteins associated with basement membranes

and the extracellular matrix. J Cell Biol 95:197, 1982.

91. Carlin, B., Jaffe, R., Bender, B. and Chung, A.E.: Entactin, a novel basal

lamina-associated sulfated glycoprotein. J Biol Chem 256:5209,1981.

92. Ekbolm, P., Alitalo, K., Waheri, A. Timpl, R. and Saxen, L.: Induction of a

basement membrane glycoprotein in embryonic kidney: possible role of laminin in

morphogenesis. Proc Natl Acad Sci USA 77:485, 1980.



62

93. Carlson, R., Engvall, E., Freeman, A. and Ruoslahti, E.: Laminin and

fibronectin in cell adhesion: enhanced adhesion of cells from regenerating liver to

laminin. Proc Natl Acad Sci USA 78;2403, 1981.

94. TNM Classification of malignant tumors. Geneva, International Union Against

Cancer. 1968, pg. 11–24.

95. Sanes, J.R. and Cheney, J.M.: Laminin, fibronectin, and collagen in synaptic

and extrasynaptic portions of muscle fiber basement membrane. J. Cell Biol.

93:442, 1982.

96. Farquhar, M.G. and Palade, G.E.: Junctional complexes in various epithelia. J

Cell Biol 17:375, 1963.

97. Kuusela, P.; Fibronectin binds to Staphylococcus aureus. Nature (Lond).

276:718, 1978.

98. Mosher, D.F. and Proctor, R.A.: Binding and factor XIIIa-mediated crosslinking

of a 27-kilodalton fragment of fibronectin to Staphylococcus aureus. Science

209-927, 1980.

99. Van de Water, I.I.I., Schroeder, S., Crenshaw, E.B. and Hynes. R.O.:

Phagocytosis of gelatin-latex particles by a murine macrophage line is dependent

on fibronectin and heparin. J Cell Biol 90:32, 1981.

100. Molnar, J., Gelder, F.B., Lai, M.Z., Siefring, G.E., Credo, R.B. and Lorand,

L.: Purification of opsonically active human and rat cold-insoluble globulin

(plasma fibronectin). Biochem 18:3909, 1979.

101. Gudewicz, P.W., Molnar, J., Lai, M.Z., Beezhold, D.W., Seifring, G.E., Credo,

R.B. and Lorand, L.; Fibronectin-mediated uptake of gelatin-coated particles by

peritoneal macrophages. J Cell Biol 87:427, 1980.



63

102. Marquette, D., Molnar, J., Yamada, K.M., Schlesinger, D., Darby, S. and

VanAllen, P.: Phagocytosis-promoting activity of avian plasma and fibroblastic

cell surface fibronectin. Mol Cell Biochem 36:147,1981.

103. Bornstein, P., McPherson, J. and Sage, H. In: P & S. Biomedical Symposia Vol.

6, (Nossel, H. and Vogel, H. eds), 1981.

104. Cunha, G.R., Reese, B.A. and Sekkingstad, M.: Induction of nuclear androgen

binding sites in epithelium of the embryonic urinary bladder by mesenchyme of the

urogenital sinus of embryonic mice. Endocrinology 107:1767, 1980.

105. Hay, E.D.: Development of the vertebrate cornea. Int rev Cytol 63:263, 1980.

106. Langley, F.A. In: The Cervix (J.A. Jordan and A. Singer, eds). Pg 345. W.B.

Saunders Co. 1976.

107. Sherman, A.I. and Brown, S.: The precursors of endometrial carcinoma. Am J

Obstet Gynecol 135:947, 1979.

108. Takasagi, N.: Cytological basis for permanent vaginal changes in mice

treated neonatally with steroid hormones. Int Rev Cytol 44:193, 1976.

109. Cunha, G.R., Lung, B. and Kato, K.: Role of the epithelial-stromal

interaction during the development and expression of ovary-independent vaginal

hyperplasia. Dev Biol 56:52, 1977.

110. Mintz, B. In: Cell Differentiation and Neoplasia. (G.F. Saunders, ed), pg 27.

Raven Press, 1978.

111. Pierce, G.B., Shikes, R. and Fink, L.M. Cancer: A problem of developmental

biology. Prentice-Hall Inc. 1978.

112. Hodges, G.M., Hicks, R.M. and Spacey, G.D.: Epithelial-stromal interactions

in normal and chemical carcinogen-treated adult bladder. Cancer Res

37:3720, 1977.



6 l;

113. DeCosse, J.J., Gossens, C.L., Kuzma, J.R. and Unsworth, B.R.: Embryonic

inductive tissues that cause histologic differentiation of murine mammary

carcinoma in vitro. J Natl Cancer Inst 54:913, 1975.

114. Cooper, M. and Pinkus, H.: Intrauterine transplantation of rat basal cell

carcinoma as a model for reconversion of malignant to benign growth. Cancer

Res 37:2544, 1977.

115. MacKenzie, I.C., Dabelsteen, E. and Roed-Petersen, B.: A method for

studying epithelial-mesenchymal interactions in human oral mucosal lesions.

Scand J Dental Res 87:234,1979.

116. Dawe, C.J., Morgan, W.D., Williams, J.E. and Summerous, J.P. In: Progress in

Differentiation Research (N. Muller-Berat, et.al., eds), pg305. North-Holland Publ

Co., 1976.

117. Waheri, A. and Mosher, D.F.: High molecular weight, cell surface-associated

glycoprotein (fibronectin) lost in malignant transformation. Biochim Biophys Acta

516:1, 1978.

118. Mosher, D.F., Saksela, OI, Keski-oja, J. and Vaheri, A.: Distribution of a

major surface-associated glycoprotein, fibronectin, in cultures of adherent cells.

J Supramol Struct 6:551, 1977.

119. Waheri, A. and Ruoslahti, E.: Fibroblast surface antigen produced but not

retained by virus-transformed human cells. J Exp Med 142:530, 1975.

120. Bauer, E.A., Gordon, J.M., Reddick, E.R. and Eisen, A.Z.: Quantitation and

immunochemical localization of human skin collagenase in basal cell carcinoma. J

Invest Derm 69:363, 1977.

121. Timpl, R., Martin G.R. and Bruckner, P. In: Biochemistry and Pathology of

Basement Membrane, ed. Robert, L. (Karger, Basel, Switzerland).



122. Woolley, D.E., Glanville, R.W., Roberts, D.R. and Evanson, J.M.: Purification,

characterization and inhibition of human skin collagenase. Biochem J

169:265,1978.

123. Reich, E. In: Proteases and Biological Control (Reich, E., Rifkin, D.B. and

Shaw, E. eds), pg 333, Cold Harbor Spring. 1975.

124. Hynes, R.O. and Yamada, K.M.: Fibronectins: Multifunctional modular

glycoproteins. J Cell Biol 95:369,1982.

125. Birkedal-Hansen, H., Cobb, C.M., Taylor, R.E. and Fullmer, H.M.: Synthesis

and release of procollagenase by cultured fibroblasts. J Biol Chem 251:3162,1976.

126. Sellers, A., Cartwright, E., Murphy, G. and Reynolds, J.J.: Evidence that

latent collagenases are enzyme-inhibitor complexes. Biochem J 163:303,1977.

127. Kramer, R.H., Vogel, K.G. and Nicolson, G.L.: Solubilization and degradation

of subendothelial matrix glycoproteins and proteoglycans by metastatic tumor

cells. J Biol Chem 257:2678, 1982.

128. Chen, L.B., Mosher, D.F., Chen, A.B. and Mosesson, M.W.: Distribution of cell

surface LETS protein in co-cultures of normal and transformed cells. Exp Cell

Res 108:375, 1977.

129. Hynes, R.O. and Pearlstein, E.S.: Investigations of the possible role of

proteases in altering surface proteins of virally transformed hamster fibroblasts.

J Supramol Struct 4:1, 1976.

130. Unkeless, J.C., Gordon, S. and Reich, E.: Secretion of plasminogen activator

by stimulated macrophages. J Exp Med 1139:834, 1974.

131. Strickland, S. and Reich, E.: Plasminogen activator in early embryogenesis:

Enzyme production by trophoblast and parietal endoderm. Cell 9:231, 1976.



66

132. Beers, W.H.: Follicular plasminogen and plasminogen activator and the effect

of plasmin on ovarian follicle wall. Cell 6:379, 1975.

133. Willingham, M.C., Yamada, K.M., Yamada, S.S., Pouyssegur, J. and Pastan, I.:

Microfilament bundles and cell shape are related to adhesiveness to substratum

and are dissociable from growth control in cultured fibroblasts. Cell 10:375, 1977.

134. Rees, D.A., Lloyd, C.W. and Thom, D.: Control of grip and stick in cell

adhesion through lateral relationships of membrane glycoproteins. Nature

267:124,1977.

135. Pollack, R., Risser, R., Conlon, S., Freedman, V. Shin, S-I. and Rifkin, D.B.

In: Proteases and Biological Control (Reich, E., Rifkin, D.B. and Shaw, E., eds.),

pg. 885–899, Cold Harbor Spring Harbor, New York.

136. Kao, R.T., Hall, J., Engel, L. and Stern, R.: The matrix of human breast

tumor cells mitogenic for fibroblasts. (Personal Communication), 1982.

137. Nicolson, G.L., Irimura, T., Gonzalez, R. and Ruoslahti, E.: The role of

fibronectin in adhesion of metastatic melanoma cells to endothelial cells and their

basal lamina. Exp Cell Res 135:461, 1981.

138. Kramer, R.H., Gonzalez, R. and Nicolson, G.L.: Metastatic tumor cells

adhere preferentially to the extracellular matrix underlying vascular endothelial

cells. Int J Cancer 26:639, 1980.

139. Rubio, C.A. and Biberfeld, P.: The basement membrane of the uterine cervix

in dysplasia and squamous cell carcinoma. Acta Pathol Microbiol Scand, Sect

A83,744, 1975.

140. Vlaeminck, M.N., Adenis, L., Mouton, Y. and Demaille, A.: Experimental

study of the metastatic spread of tumor cells in embryonated chicken egg. Int J

Cancer 10:619, 1972.



67

141. Dougherty, C.M.: The epithelium-stroma junction in the uterine cervix:

Histologic and electron microscopic studies. Am J Obstet Gynecol 81:911, 1961.

142. Tarin, D.: Further electron microscopic studies on the mechanism of

carcinogenesis: The specificity of the changes in the carcinogen-treated mouse

skin. Int J Cancer 3:734, 1968.

143. Tandler, B.: Ultrastructure of adenoid cystic carcinoma of salivary gland

origin. Lab Invest 24:504,1971.

144. Pierce, G.B., Jr: Basement membranes. VI. Synthesis by epithelial tumors of

the mouse. Cancer Res 25:656, 1965.

145. VanScott, E.J. and Reinertson, R.P.: The modulating influence of stromal

environment on epithelial cells studied in human autotransplants. J Invest

Dermatol 36:109,1961.

146. Liotta, L.A., Tryggvason, K., Garbisa, S, Robey, P.G. and Abe, S.: Partial

purification and characterization of a neutral protease which cleaves type IV

collagen. Biochem 20:100, 1981.

147. Nakajima, M., Irimura, T., DiFerrante, D.T., DiFerrante, N. and Nicolson,

G.L.: Rates of herparan sulfate degradation correlate with invasive and

metastatic activities of B16 melanoma sublines. J Cell Biol 91:119a, 1981.
148. Pearse, A.G.E. In: Histochemistry : Theoretical and Applied. Vol 1, 4th Ed

(Churchill Livingstone) pg 160, 1980.

149. Mason, T.E., Pfifer, R.F., Spicer, S.S., Swallow, R.A. and Dreskin, R.B.: New

Immunochemical technique for localizing intracellular tissue antigen. J

Histochem 17:190,1969.



68

150. Mason, T.E., Pfifer, R.F., Spicer, S.S., Swallow, R.A. and Dreskin, R.B.: An

immunoglobin-enzyme bridge method for localizing tissue antigens. J Histochem

17:563, 1969.

151. Sternberger, L.A.: Some new developments in immunocytochemistry.

Mikroskopie 25:346, 1969.

152. Hsu, S.M., Raine, L. & Fanger, H.: The use of avidin-biotin-peroxidase

complex (ABC) in immunoperoxidase techniques: A comparison between ABC and

unlabeled antibody (PAP) procedures. J. Histochem. Cytochem. 29:577, 1981.

153. Guedson, J.L., Ternynek, T. and Avramas, S.: The use of avidin-biotin

interaction in immunoenzymatic techniques. J Histochem Cytochem

27:1131, 1979.

154. Hood, L.E., Weissman, I.L. and Wood, W.B. In: Immunology

(Benjamin/Cummings) pg 207 1978.

155. Nairn, R.C. In: Fluorescent Protein Tracing, 4th Ed., 1976.



69

FIGURE 1 STRUCTURE OF FIBRONECTIN
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FIGURE 3 SPECIFICITY OF GLYCOSAMINOGLYCAN BINDING TO FIBRONECTIN

0
- -

Chondroitin Heparan Glycopept. Chondr. Glycopept. Hyalur.
S04 SO4 S04 Acid

\ A { L
TY r Y

Cell Layer Medium

From Yamada, KM, Kennedy, DW, Kimata, K, Pratt, RM
J. Biol. Chem. 255: 6055, 1980



72

FIGURE" 4 HVALURONIC ACID - PROTEOGLYCAN COMPLEX STRUCTURE
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FIGURE 5 SCHEMATIC REPRESENTATION OF IMMUNOELECTROPHORESIS (IEP)
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FIGURE 6 IMMUNODIFFUSION (ID)

Figure 6a Single precipitate arcs formed when FN1 (1) was allowed to
diffuse against rabbit anti-human fibronectin (3) for 24 h. Côomassie blue protein
staining was used to reveal the precipitate bands.

Figure 6b, Single precipitate arcs formed when FN2 (2) was allowed to
diffuse against rabbit anti-human fibronectin (3) for 24 h.
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FIGURE 6 IMMUNODIFFUSION (ID)

Figure 6c Precipitate arcs formed when FN1 (1) and FN2 (2) were allowed
to diffuse against rabbit anti-human fibronectin {3}. The single identity arcs
formed indicate the antiserum is monospecific.
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FIGURE 7 IMMUNOELECTROPHORESIS (IEP)

Figure 7a IEP Plate #1 - 10 microliters of Bromthymol blue (B), FN1 (1)
and FN2 (2) were placed in the agarose wells and electric current applied for 45
min. at 135 mV/20mA. 100 microliters of FN antiserum was placed in each
horizontal trough and incubated for 24 h, precipitate arcs were revealed by
immersion in Coomassie blue for 5 min. A single arc was formed against FN1 and
FN2, residual staining occurred in the well itself.

-
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FIGURE 7 IMMUNOELECTROPHORESIS (IEP)

Figure 7b IEP Plate *2 - 10 microliters of FN2 was placed in each well at
undiluted (U), 1:2 and 1:4 concentrations. Electric current and protein staining
were done as with IEP Plate #1. Residual staining in the reactant well was
eliminated at a higher FN dilution (i.e. 1:4).

- -
-

- L

- -

-

-

1: 2

i: 4.
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FIGURE 8

Figure 8 Distribution of fibronectin in normal oral buccal mucosa. Indirect
immunofluorescence labeled fibronectin localized in the basement membrane
(arrows) and the underlying connective tissue (CT). Notice the negative reaction
in the overlying epithelium. IgG fraction anti-human fibronectin (1:100) and FITC
conjugated antiserum (1:20); X156.
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FIGURE 9

Figure 9a Hematoxylin and eosin photomicrograph of poorly differentiated
squamous cell carcinoma that was located on the lateral border of the tongue.
There is a region of hyperplastic stratified squamous epithelium (E) adjacent to
invasive neoplastic squamous epithelial cells (CA); keratin pearl (K). X16.
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FIGURE 9

Figure 9b Avidin-biotin complex labeled fibronectin in the same region as
shown in Figure 9b. Notice extensive reactivity in the connective tissue (CT) and
absence of staining in the stratified squamous epithelium (E). X40.
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FIGURE 9

Figure 9C Indirect immunofluorescence labeling of fibronectin in the same
region of hyperplastic squamous epithelium. Generalized staining in the
connective tissue (CT) and no staining in the squamous epithelium (E) is noted.

Figure 9d Fibronectin preabsorbed control shows diminished connective
tissue (CT) staining for fibronectin. X156.



82

FIGURE 10

Figure 10a Photomicrograph of specimen of leukoplakia from the floor of
the mouth. The extensive amount of hyperkeratosis (K) is quite evident. X16.

Figure 10b. Photomicrograph of a specimen of leukoplakia obtained from
the buccal mucosa, fibronectin was labeled as described previously. Note the
connective tissue (CT) staining and absence of epithelial (E) staining.
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FIGURE 11

Figure 11a. Photomicrograph of leukoplakia from labial mucosa diagnosed
as atypical verrucoid hyerplasia. Notice the significant amount of
hyperkeratosis. X16.



8 l;

FIGURE 11

Figure 11b Indirect immunofluorescence staining of the same specimen,
intracellular staining appears to be present in keratinocytes (arrows).

Figure 11c Avidin-biotin complex reaction in same specimen, again
highlighting apparent fibronectin in keratinized epithelial cells (arrows). As
described in the text, varying results were obtained with fibronectin preabsorbed
controls. Therefore, the actual presence of fibronectin in these epithelial cells
was questionable.
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FIGURE 12

Figure 12a. H & E photomicrograph of infiltrating squamous cell carcinoma
(CA) and keratin pearl (K). X40.
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FIGURE 12

Figure 12b. The same specimen labeled for fibronectin using the avidin
biotin complex technique. Notice the positive reactivity for fibronectin in the
central region of the keratin pearl (P) and its absence in peripherally located
epithelial cells (E). The interstitial connective tissue (CT) also contains
fibronectin but the neoplastic epithelium does not (CA).

Figure 12c Fibronectin preabsorbed ABC reaction for fibronectin, staining
was totally abolished.
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FIGURE 13

Figure_13a Photomicrograph of keratin pearl and adjacent connective
tissue (CT). Fibronectin was labeled by the FITC indirect immunofluorescence

method as described elsewhere. Notice the pºwe reaction in the central regionCT).of the pearl (P) and in the connective tissue
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FIGURE 13
Figure_13b. The same specimen labeled for laminin using monospecific

primary antiserum at 1:40 dilution and secondary rhodamine labeled antiserum at
1:20 dilution. Notice the positive reaction in the keratin pearl (P), the basement
membrane (BM) and the blood vessel basement membranes (V). No reaction was
evident in the interstitial connective tissue.
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FIGURE 14

Figure 14a. H & E photomicrograph of a specimen of oral squamous cell
carcinoma located on the lateral margin of the tongue. In this specimen there are
islands of neoplastic epithelium that closely approximate one another with thin
intervening connective tissue (arrows). X20.
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FIGURE 1 l;

Figure 14b Fibronectin labeled specimen showing no fibronectin synthesis
by the neoplastic epithelial cells (N) and positive reactivity for fibronectin in the
connective tissue (arrows).

Figure 14c Fibronectin preabsorbed control specimen, fluorescence
reactivity was totally abolished.
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FIGURE 15

Figure_15a High power H & E photomicrograph illustrating another
instance of neoplastic island approximation (arrows). X100.
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FIGURE 15

Figure 15b. The same specimen stained for laminin (L) using rhodamine
labeled secondary antiserum. Notice the distinct, linear staining pattern
separating the two neoplastic islands.
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FIGURE 16

Figure 16a. H & E photomicrograph of streaming epithelial growth pattern
of oral squamous cell carcinoma located at the base of the tongue. LP - lamina
propria, N - neoplastic epithelium, arrows – invasive front of neoplasm.
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FIGURE 16

Figure 16b FITC labeled fibronectin in the same specimen. Note the
absence of FN in the neoplastic epithelium (N) and its persistence in the
intervening connective tissue stroma (arrows).
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FIGURE 17

Figure 17a. H & E photomicrograph showing infiltrative squamous cell
carcinoma surrounding skeletal muscle; neoplastic epithelium (e), muscle (m).
Xl;0.
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FIGURE 17

Figure 17b Laminin localization in the same specimen clearly shows a
uniformly laminin-positive invasive front (open arrows) and adjacent muscle
basement membrane (closed arrows).
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TABLE II. PRIMARY ANTISERUM DILUTION DETERMINATION

;:...i. Specific Stain Background Stain
Fibronectin (Lamina propria) (Epithelium)

1 : 5 . +1
-

O

1:10 +4, “
1: 20 +4 +4

1: 40 +3/+4 +2

1 : 60 +3 +1

is 80 +2/+3 0

1 : 100 +2/+3 O

1: 160 +2 O

1 : 320 +/–1 O

1:640 O O

Stain Intensity: 0 - None
+1 – Slight
+2 - Mild
+3 – Moderate
+4 – Intense
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TABLE III

1:10

1:100

1:200

1:800

1:10

1:10

1:10

AVIDIN-BIOTIN-PEROXIDASE (ABC)

ANTISERUM TITRATION

Goat Anti-Rabbit IgG (Biotinylated)

1:400

1:100 1:200 1,400 1,800 1:10° 1; 10* 1: 10°
-*-

- - - - - 1 0 | 0
T4

- - -
-2 --O- –5–

3 3 3 2 2 0 0
—T –F -T- -T-I-T- –5– 0

3 3 3 2 3 0 0
+ —T- | + | –I- I -1- —U- I -0-

2 3 3 2 2 0 0
-T- T4 4T 4 4 -o- –5–

-*- 2 2 0 0 0 O
4 —I- I -1– –5- I -5- I -o- I -o-

–– —- -º- -º- –- –– 0
3 3 3 3 3 6- I -O-

O 0 || 0 O O 0 0
3.T 1 OT || | 0 || 0 0 OT

–9– l = | = | – |– –- –%
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TABLE IV

TABLE IV. ANTIGEN PREABSORPTION

Fibronectin Stain Intensity
Dilution

O +3

1 : 10 0

1 : 50 - +2

1 : 100 +3

1 : 500 +4

1:1, 000 +3
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TABLE
V
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TABLE VI

TABLE VI. LOCALIZATION OF FIBRONECTIN AND LAMININ

IN ORAL MUCOSA

SITE SURFACE PRICKLE BASEMENT CONNECTIVE
CELL MEMBRANE TISSUE

HISTOLOGIC DIAGNOSIS LAYER ZONE

FN
- - + +

Normal

LN
- - + -

Nonspecific FN - - + +
Inflammation

LN - - + -

Epithelial FN
- - + +

Hyperplasia LN - - + -

Atypical FN - - + +
Verrucoid

Hyperplasia IN
- - + -

Epithelial FN
- - + +

Dysplasia
LN

- - + -

|
FN - - + +

Carcinoma

LN
- - + -
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