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SUMMARY The distribution of fibronectin (FN) and collagen type III (IIIC) have been compared
in a series of epithelial neoplasms from the gastrointestinal tract and salivary gland. The difficulty
of distinguishing between FN of epithelial and fibroblastic origin is emphasised and evidence is
presented for the validity of this distinction. In carcinomas FN was sometimes, but not invariably,
lost from epithelial cell surfaces. Both FN and IIIC were increased in reactive connective tissue
stroma. It is concluded that loss of cell surface FN is unlikely to be a useful diagnostic marker for
malignancy, but that the occurrence of this phenomenon in vivo as in vitro indicates that it is
biologically significant.

Considerable attention has recently been focused on
the possible role of fibronectin (FN) in neoplasia.
Interest was largely provoked by observations that
this glycoprotein is frequently, although not always,
lost from the surfaces of cultured cells on oncogenic
transformation.' Cells which have lost surface FN
usually have a greater ability to produce tumours
when injected into immunosuppressed or immune
compatible animals, but this finding is not invari-
able.2 Studies on cells cultured from human tumours
have provided conflicting results.3 For example
some have shown both normal and malignant
mammary epithelial cells to have FN on their sur-
face,45 whereas others have noted its absence from
both these cell types.6

In intact human tissues FN is normally present in
association with basement membranes, including
those of vascular endothelium, and around the sur-
faces of mesenchymal cells.7 8 In malignant tumours
it is found in increased quantities in reactive connec-
tive tissue stroma,9 but has been reported to be lost
from carcinoma cell membranes and glandular
basement membranes.'" In dysplasia partial loss of
cell surface FN was found and it was suggested that
this may be a useful marker for diagnosis of early
malignancy.'0 Yet others have observed FN around
the entire surface of infiltrating breast carcinoma
cells with the exception of an undifferentiated car-
cinoma from which it was absent.5

In this investigation the distribution of FN has
been studied in a series of gastrointestinal and saliv-
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ary gland epithelial neoplasms ranging from benign
adenomas with varying degress of atypia to
advanced poorly differentiated carcinomas. In an
attempt to distinguish "epithelial" or "basement
membrane" FN from stromal FN, the distribution of
interstitial collagen type III (IIIC) was also
examined and the results compared.

Material and methods

All the tissues were derived from specimens sent for
routine surgical histology. Details of the 25 cases
studied are summarised in Table 1. Representative
samples of normal tissue from parotid gland,
stomach and colon were also examined.

Indirect immunoperoxidase and immunofluores-
cent staining procedures for FN and IIIC were per-
formed on both formalin-fixed paraffin-embedded
tissue and on fresh frozen tissue when this was avail-
able. The methods have been described in detail in
previous publications.'2 13 When formalin-fixed
paraffin-embedded material was used, dewaxed sec-
tions were incubated in a 0-05% solution of protease
type VII (Sigma, Cat No P-5255) in phosphate-
buffered saline (PBS), pH 7-3, at 37°C for 20 min.
They were then washed in cold running tap water
followed by PBS prior to application of the first
antibody.
Antibody to fibronectin was obtained from

Dakopatts, Mercia Brocades Ltd. This gave identi-
cal results to an antifibronectin antibody prepared in
this laboratory, the characterisation of which has
been described previously.'2 14 Human type III col-
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Table 1 Summary ofcases examined

Case Nos Diagnosis Tumour grade* Tumour staget

1-5 Tubular adenomata of colon
6-9 Tubulovilious adenomata of colon
10, 11 Tubulovilious adenoma of colon with early invasive adenocarcinoma 1 A
12, 13 Biopsies of adenocarcinoma of colon 2
14, 15 Adenocarcinoma of colon 2 B
16 Adenocarcinoma of colon 2 C
17 Adenocarcinoma of colon 3 C
18 Mucinous adenocarcinoma of colon 2 B
19 Early adenocarcinoma of stomach 1 A
20 Muanous adenocarcinoma of stomach 2 B
21 Linitis plastica 3 C
22, 23 Pleomorphic adenoma of parotid gland
24 Adenoid cystic carcinoma of submandibular gland 1
25 Undifferentiated carcinoma of parotid gland 3
* Malignant tumours only: 1 = well differentiated; 2 = moderately differentiated; 3 = poorly differentiated.
t Duke's classification:" A = tumour confined to intestinal wall; B = spread outside muscularis propria; 3 = lymph node metastases
present.
-= not applicable.

lagen was purified from pepsin soluble human fetal
skin by differential salt precipatation and used to
raise antibodies in a goat. These were purified by
passage through columns of collagen-Sepharose 2B
conjugates.5 Cross reactivity of the purified anti-
body was tested by passive haemagglutination of col-
lagen coated sheep erythrocytes.'6 The reciprocal
titres against cells coated with human type I and
human type III collagen were 10 and 40 000 respec-
tively. Fluorescein-conjugated antibodies against
rabbit IgG and against goat IgG were obtained from
Miles Yeda Limited. Horseradish peroxidase conju-
gated antibodies were obtained from Dakopatts,
Mercia Brocades Limited.

Control sections in all procedures were incubated
with non-immune rabbit or goat IgG or with PBS
instead of anti-FN or anti-IIIC. The second anti-
body was then applied as in the tests.

In the cases of pleomorphic adenoma and adenoid
cystic carcinoma, small portions of tissue were
examined by electron microscopy. In two cases this
necessitated dewaxing of formalin-fixed paraffin-

embedded tissue and processing for re-embedding
in resin. In one case of pleomorphic adenoma fresh
tissue was available for glutaraldehyde fixation and
subsequent processing for resin embedding.

Results

The results are summarised in Table 2.

NORMAL TISSUE
In gastric and colonic mucosa both FN and IIIC
were seen around glands and in loose connective
tissue (Fig. 1).

Their distribution appeared similar but FN was
more conspicuous in capillary walls and could some-
times be detected in and around fibroblasts. IIIC
was present in coarser fibres of lamina propria. In
normal parotid both proteins had a periacinar and
periductal distribution, but periacinar FN staining
was weaker and less conspicuous than that of IIIC.

Table 2 Summary of results

Diagnosis Basement membranel Basement Stromal Stromal
epithelial cell membrane FN IIIC
surface FN IIIC

Normal + + + +
Adenomas of colon + + + to +++ +
Early adenocarcinoma of stomach and colon + to I + or I + to +++ + to +++
Adenocarcinomas of colon stages B & C I I+++ +++
Mucinous carcinomas of stomach and colon - - + + + +
Linitis plastica - + +++
Lymph node metastases - or I - or I + to +++ + to +++
Pleomorphic adenoma of parotid + - + + ++
Adenoid cystic carcinoma + - + + + +
Undifferentiated carcinoma of parotid -+++ +++

+ to + + + = Arbitrary grading based on subjective assessment of quantity of staining present.
- = Staining absent.
I = Basement membrane staining indistinguishable from that of stroma (see text).
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Fig. 1 (a) Normal gastric mucosa stained for FN. Immunoperoxidaselhaematoxylin x 650. (b) Normal gastric mucosa
stained for type III collagen. Immunoperoxidase/haematoxylin x 650.

w1'rf?-.t Fig. 2 Villous adenoma ofcolon
stained for FN.F.gs,X Immunoperoxidaselhaematoxylin
x 650.

*.4, i.

TUBULO-VILLOUS ADENOMA OF COLON
Both FN and IIIC were present outlining the bases
of epithelial cells whether these were arranged in
acinar or villous patterns (Fig. 2). Focal discon-
tinuities in staining were sometimes noted but it was
difficult to be confident that they were not artefac-
tual in origin. No significant differences were found
between tumours which were predominantly villous
and tumours which were predominantly tubular, or

between areas of severe epithelial atypia and areas
of mild atypia. Stromal FN was considerably
increased in polyps which were inflamed.

EARLY INVASIVE CARCINOMAS
Three early invasive carcinomas were examined,
two of colon in which there was invasion of polyp
stalks and one of stomach in which there was inva-
sion of submucosa. All these tumours showed a
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desmoplastic reaction in the stroma. Where this
reaction was not florid it was sometimes possible to
identify both FN and IIIC circumscribing infiltrating
neoplastic glands although the outline was fre-
quently more irregular than in normal tissue (Fig.
3). Where stromal connective tissue was dense it con-
tained abundant FN and IIIC which merged imper-
ceptibly with any present around epithelial islands.
It was thus impossible to determine whether
"epithelial" or "basement membrane" FN had been
retained or lost (Fig. 4).

ADVANCED INVASIVE ADENOCARCINOMAS OF
COLON
These all showed abundant stromal FN and IIIC
rendering a distinction between stromal and "base-
ment membrane" FN impossible as above. Neither
protein was seen between individual carcinoma cells
in tumour islands. No significant differences in dis-
tribution were noted between moderately and
poorly differentiated carcinomas.

LYMPH NODE METASTASES
Desmoplastic reaction in lymph node metastases
was variable. In some sections it was possible to
identify clumps of tumour cells in lymphatics and
lymph node sinuses. These cells had no evidence of
FN on their surface. In other metastatic deposits
from the same patient (case 17), stromal FN and
IIIC were as abundant as in the primary tumours.
Presence or absence of cell surface FN was thus
indeterminable.

Fig. 3 Early gastric carcinoma demonstrating FN around
a gland (arrows) which is infitrating muscularis mucosa.
Immunofluorescence for FN x 400.

Fig. 4 Early colonic carcinoma with abundant FN in
reactive stroma. Immunofluorescence for FN x 400.

LINITIS PLASTICA
Streaks of FN were seen between dense collagen
bundles in stomach wall (Fig. 5). Infiltrating gastric
carcinoma cells were present in a similar situation
but were not outlined by FN which was fibroblast
related. IIIC was found diffusely throughout areas
of fibrosis.

MUCINOUS ADENOCARCINOMA
Two tumours were examined in which there was
production of abundant extracellular mucin, one of
colonic origin and one of gastric origin. Where
malignant epithelial cells were surrounded by a sea
of mucin there was no evidence of periglandular FN
or of IIIC (Fig. 6).

PLEOMORPHIC ADENOMAS OF PAROTID
In these tumours it was possible to distinguish
clearly between stromal FN and that seen in relation
to epithelial cells. Both IIIC and FN were present in
irregular bundles of stromal fibrous connective tis-
sue of varying density, but only FN was found sur-
rounding epithelial islands (Fig. 7). A few groups of
cells had neither protein around them. On electron
microscopy some but not all possessed basal lamina
(Fig. 7).
ADENOID CYSTIC CARCINOMA
Fibronectin was seen lining cystic spaces on both
aspects of epithelial cell cords (Fig. 8). IIIC was only
found in fibrous trabecula dispersed irregularly
throughout the tumour and dividing it into lobules.
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Fig. 5 Linitis plastica ofstomach showing FN (arrows)
and carcinoma cells (arrowhead) between dense collagen
bundles (unstained areas) in submucosa.
Immunoperoxidaselhaematoxylin x 790.

V".

Fig. 6 Mucinous adenocarcinoma ofcolon showing FN in
fibrous trabecula (arrow) but not on carcinoma cell surfaces
(arrowheads). Immunoperoxidaselhaematoxylin x 400.
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Fig. 7 (a) Pleomorphic adenoma ofparotid demonstrating FN (arrows) outlining groups ofepithelial cells.
Immunoperoxidase/haematoxylin x 650. (b) Pleomorphic adenoma ofparotid demonstrating absence ofIIIC around
epithelial islands. Immunoperoxidaselhaematoxylin x 360. (c) Electron micrograph ofcell in parotid pleomorphic
adenoma demonstrating presence ofbasal lamina (arrows). Glutaraldehydelosmium tetroxide frration. x 24 750.

On electron microscopy basal lamina was noted to
have a similar distribution to FN but material prob-
ably derived from basal lamina was also present
within cyst lumina.

UNDIFFERENTIATED CARCINOMA OF PAROTID
Large islands of undifferentiated carcinoma cells

were negative for both FN and IIIC but were sepa-
rated by dense bands of fibrous connective tissue in
which both proteins were abundant.

CONTROLS
Staining of enzymatically digested formalin-fixed
paraffin-embedded material gave results identical
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Fig. 8 (a) Adenoid cystic carcinoma demonstrating FN (arrows) on both sides ofepithelial cell cords. Immunoperoxidasel
haematoxylin X 650. (b) Adenoid cystic carcinoma demonstrating absence ofIIIC at epithelial cell bases.
Immunoperoxidaselhaematoxylin x 400.

with those produced by staining of fresh frozen tis-
sue, although better resolution was achieved with
the former method. Controls using non-immune
rabbit or goat IgG prior to application of the second
antibody were all negative.

Discussion

Despite considerable recent interest in the relation
between loss of cell surface FN and malignant trans-
formation in vitro, the precise significance of this
phenomenon in vivo remains unclear. While most
authors are agreed that stromal FN is increased in
reactive connective tissue of malignant tumours,9 10
there is disagreement as to whether it is retained or
lost from malignant epithelial cell surfaces or indeed
if it is present on epithelial cells at all.3610 The
reason for these discrepant observations may be at
least partly related to the difficulty in distinguishing
between stromal and epithelial cell surface FN in
sections of intact tissue, since "epithelial" FN is pre-
sent predominantly at epithelial-mesenchymal inter-
faces. At the electron microscope level in most nor-
mal tissues, the "basement membrane" observed on
light microscopy is seen to be composed of basal
lamina and an outer condensation of reticular
fibres.'7 Ultra structural immunohistochemistry has
suggested that FN is present in the region between
epithelial cell bases and basal lamina."8 19 Yet with
immunohistochemistry at the light microscope level
basement membrane interstitual collagen type III
and basement menlbrane FN are virtually indistin-
guishable. It is thus very difficult to determine
whether FN is stroma-related or epithelial cell-
related. In this study this difficulty has been partially

overcome by direct comparison of FN and IIIC in
tumours in which the stromal component of fibrous
connective tissue is clearly separated from the
epithelial cell component. Evidence is presented
that epithelial cell surface FN does exist in vivo, and
that it may be lost on malignant transformation,
although not invariably and not necessarily in a
diagnostically reliable fashion.
That epithelial FN is a distinct entity is suggested

by two observations:
(i) it was occasionally possible to demonstrate a
double contour FN staining pattern around glands in
normal colonic mucosa, as previously reported.8 The
outermost layer was associated with pericryptal
fibroblasts; the innermost layer was present at
epithelial cell bases.
(ii) it was found around tumour cells in pleomorphic
adenomas and in adenoid cystic carcinoma in sites
where interstitial collagen was absent. Although the
histogenesis of these tumours has been the subject
of debate, there is now general agreement that they
are of epithelial, or at least myoepithelial origin.20
The presence of FN on the surface of these cells
suggests they are producing it. This corresponds
with in vitro observations of FN production by
epithelial cells2' and with ultrastructural immunohis-
tochemistry showing FN in epithelial cell cytop-
lasm.22
That epithelial cell surface FN may be lost on

malignant transformation is probably most convinc-
ingly illustrated by the cases of invasive mucinous
carconoma. Absence of periglandular FN was
clearly demonstrable where islands of carcinoma
cells were surrounded by a sea of mucin. Lack of
pericellular FN was also evident where clumps of
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tumour cells were seen in lymphatics and lymph
node sinuses. That loss of cell surface FN is neither
specific for malignancy, nor an invariable occurrence
on malignant transformation, is indicated by the
salivary gland tumours and the early gastric and col-
onic carcinomas. In pleomorphic adenomas the pre-
sence of FN enveloping groups of tumour cells was
variable, but it was consistently found lining spaces
of adenoid cystic carcinoma. In early invasive car-
cinomas it was sometimes clearly visualised around
infiltrating glands. No FN was observed between
carcinoma cells in tumour islands, but since it was
not conspicuous between normal epithelial cells, the
significance of this observation is doubtful.

In view of the limited number of cases where pre-
sence or absence of epithelial cell surface FN was
clearly distinguishable it is not possible to reach a
definite conclusion regarding its relation to tumour
stage and grade. Nevertheless it is noteworthy that
those cases in which it was clearly present were well
differentiated and early carcinomas and those cases
in which it was clearly absent were moderately or
poorly differentiated carcinomas and were Duke's
stage B or C. It is also of interest that clumps of
tumour cells in lymphatics were FN-negat'ive corres-

ponding with the observation by Smith et al4 that
cultured cells from metastatic carcinomas do not
express FN on their surface. There was no correla-
tion between stromal FN and tumour differentiation
or spread as found previously.23
The findings suggest that presence of epithelial

surface FN may be related to presence of basal
lamina. Detailed ultrastructural analyses of both
naturally occurring and experimental tumours have
shown gaps and reduplications of basal lamina in
preneoplastic conditions becoming more extensive in
invasive carcoinoma.2425 Of the tumours investi-
gated in this study, adenomatous polyps of colon
have been found to have a continuous basal lamina,
whereas occasional disruptions are present in that of
villous adenomas.26 In invasive colonic adenocar-
cinoma such disruptions are numerous and wider.27
Islands of cells in pleomorphic adenoma are variably
encompassed by basal lamina25 and in adenoid cystic
carcinoma highly replicated basal lamina lines the
"cysts" .29 These findings correspond with our own
observations on electron microscopy and would cor-
relate with the distribution of FN described here.
That FN is not necessarily present in basal lamina
itself is suggested by its distribution in adenoid cystic
carcinoma where it was seen as a single layer lining
cystic spaces. The precise relation between FN and
basal lamina, both in normal and neoplastic tissues
requires more careful analysis. This may be achieved
either by ultrastructural immunohistochemistry or
by direct comparison of FN staining with that of a

D'Ardenne, Burns, Sykes, Bennett

basal lamina protein such as type IV collagen.
Variability of loss of epithelial surface FN in

malignant tumours, perhaps related to their stage or
grade, might explain previous discrepant observa-
tions. Possible mechanisms accounting for this loss
have been discussed in detail elsewhere.1 3 The fact
that the phenomenon is not constant and the
difficulties encountered in distinguishing between
epithelial and stromal FN on light microscopy ren-
der it unlikely to be useful in histopathological diag-
nosis. Nevertheless its occurrence in vivo as well as
in vitro indicates a biological significance which has
yet to be evaluated.

We wish to thank Miss Tina Chisnall for typing the
manuscript.
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