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Effects of fixation and enzymatic digestion on the
immunohistochemical demonstration of laminin and
fibronectin in paraffin embedded tissue
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SUMMARY The effects of different fixatives and enzymatic digestion procedures on the
immunohistochemical demonstration of fibronectin and laminin in paraffin embedded tissues
have been compared. None of the fixatives tested enabled staining of these proteins without
enzymatic digestion. No intracytoplasmic laminin was found either in fixed or in fresh frozen
tissue. Fixation in formol acetic acid was unsatisfactory for demonstration of fibronectin; pro-
longed fixation in formol sublimate was unsatisfactory for demonstration of laminin. Optimal
results were achieved after fixation in routine 10% formol saline. Trypsin was completely ineffec-
tive for unmasking laminin antigens except after fixation in ethanol acetic acid; it was only
partially effective for showing fibronectin antigens. The best results were obtained with protease
digestion, but pepsin was an adequate, although slightly less reliable, alternative. These enzymes
may be used at lower concentrations than usually recommended.

Fibronectin and laminin are non-collagenous con-
nective tissue glycoproteins in which there is cur-
rently much interest.'-5 In normal tissue laminin is
present in basal lamina of epithelial, endothelial,
and mesenchymal cells.3 Fibronectin is found in
association with both basement membranes and
interstitial connective tissue.67 A soluble form is
present in plasma and extracellular fluids.' Recent
studies have suggested that immunohistochemical
demonstration of these proteins may be of value in
diagnostic pathology. Possible applications include
diagnosis of soft tissue tumours58 and diagnosis of
adenoid cystic carcinomas of breast (d'Ardenne
et al, unpublished observations). If such staining is
to be useful it is vital that the methods used are both
convenient and reliable. The purpose of this inves-
tigation was to compare different methods most
applicable for use in a routine diagnostic laboratory
and determine factors which may give rise to false
negative or positive results.

Ideally, all immunohistochemical staining should
be performed on fresh frozen tissue, but often this is
not available unless its requirement is anticipated in
advance. Furthermore, the resolution obtainable
with fresh tissue may be inferior to that obtainable
with fixed tissue.' An alternative is to use a fixative
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and embedding procedure which does not affect the
antigens under investigation. Positive staining for
fibronectin and laminin has been reported after
fixation in ethanol acetic acid at 4°C and paraffin
embedding,49 but only intracytoplasmic laminin was
shown. Laminin in basal lamina was not shown
without subsequent trypsin digestion.4 In another
study none of a variety of fixatives, including ethanol
acetic acid, was found satisfactory for retaining
fibronectin antigenicity in paraffin embedded tissues
without enzymatic digestion.'0 The effects of formol
sublimate and of 10% formol saline with 2% acetic
acid, fixatives which have been recommended for
immunohistochemical staining of cytoplasmic
immunoglobulins,' l 12 have not yet been investigated
for fibronectin and laminin.

There have been several confirmations9 '0 of the
original observation that pepsin digestion can be
used for unmasking fibronectin antigens in formalin
fixed tissue,'3 although the recommended pepsin
concentrations have differed.'0 Protease has been
found equally effective'4 and the method has also
proved applicable to laminin demonstration.'5 Tryp-
sin has been found unsatisfactory for fibronectin
staining by some authors,9 but this has not been the
experience of others.8

Since it may be advantageous to know the dis-
tribution of both fibronectin and laminin in a par-
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ticular specimen, the effects of different fixatives,
fixation times, and enzymatic digestion techniques
on demonstration of both proteins have been com-

pared. Fixatives which have been studied previously
and which appear to confer no particular advantage
on fibronectin staining have been omitted from the
investigation.9 10 These include Bouin's fixative,
Clarke's fixative, Lillie' s acetic-alcohol-formalin,
and graded ethanols. The four fixatives chosen for
study were routine 10% formol saline, formol acetic
acid, formol sublimate, and ethanol acetic acid at
4°C. In the first part of the investigation enzymes
were used in the standard recommended procedures
on tissue which had undergone variable fixation. In
the second part the enzymatic digestion protocol
was varied while fixation was kept constant. This
was done partly to determine if the standard enzyme
concentrations and digestion times could be
reduced, thereby minimising laboratory expendi-
ture.

Material and methods

Fresh human breast tissue was obtained from a mas-
tectomy specimen and representative blocks
measuring roughly 1 x 0-5 x 0.5 cm were taken of
both normal tissue and carcinoma. These were fixed
for 12, 24, and 48 h in each of the following four
fixatives:
1 10% formol saline (unbuffered)-routine
fixative
2 Acetic acid-formol saline (10% formol saline
plus 2% acetic acid)'2
3 Formol sublimate (10 parts formol saline plus 90
parts saturated aqueous mecuric chloride)" 12
4 Ethanol acetic acid (99 parts 95% ethanol, 1
part glacial acetic acid) used at 4°C.49

All specimens were processed routinely using a

17 h automatic processing schedule comprising 8 h
in industrial methylated spirit at 20°C, 4.5 h in
chloroform at 20°C, 4.5 h in molten paraffin wax at
58°C. Four micron sections from all samples were

subjected to the following three "standard" diges-
tion techniques:
1 0X1% trypsin (BDH-39041) in 0-1% calcium
chloride pH 7*8 for 20 min at 37°C'6 ''
2 0.05% protease type VII (Sigma-P-5255) in
phosphate buffered saline pH 7-3 (PBS) for 20 min
at 370C'8
3 0.4% pepsin (Sigma-P-7012) in 0-01 NHCl for
120 min at 37°C'3
These, together with an undigested set of sections,

were immunostained for laminin and fibronectin
using the indirect immunoperoxidase technique as

previously described.'8 One set of sections was

stained after exposure to normal swine serum
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diluted 1/5 with PBS for 10 min before application
of the first antibody. In another set this step was

omitted.
Further four micron sections were then prepared

from the 24 h formol saline fixed sample and sub-
jected to the following digestion procedure varia-
tions:
1 Trypsin incubation for 20, 30, 40, and 60 min at
37°C at concentrations of 0-2%, 0 1%, and 0-05%
in 0 1% calcium chloride pH 7 8
2 Protease type VII incubation for 10, 15, 20, and
30 min at 370C at 005%, 0-025%, and 0-0125% in
PBS pH 7*3
3 Pepsin incubation for 30, 60, 90, and 120 min at
37°C at concentrations of 0-6%, 0-4%, and 0*2% in
0*01 NHCI.

Immunostaining for laminin and fibronectin was

then performed as before.
Antibodies to fibronectin (A245) and peroxidase

conjugated rabbit immunoglobulin (P217) were
obtained from Dakopatts, Mercia Brocades Ltd, and
antibodies to laminin (BRL 62655A) obtained from
Bethesda Research Laboratories. All were diluted
to 1/50 in PBS pH 7-3 for use.
Throughout the study negative controls were used

by substituting the primary antibody with PBS pH
7-3 or with non-immune rabbit IgG.

Fresh frozen breast tissue, both benign and malig-
nant, was also collected and stained by the indirect
immunofluorescence technique for fibronectin and
laminin to confirm the expected distribution of these
proteins.

Results

The results are summarised in Tables 1-4. Staining
intensity was subjectively graded - to + + +.

EFFECTS OF FIXATION
10% formol saline
Fixation in 10% formol saline for 12, 24, or 48 h

Table 1 Staining for laminin in variably fixed tissue

Fixave Fuiation Undigested Trypsin Protease Pepsin

(hours)

Formol 12 (+) - +++ +++
saLine 24 - - +++ +++

48 - - +++ +++
Formol 12 - - +++ +++

acetic 24 - - +++ +++
acid 48 - - +++ +++

Formol 12 - - + +++
sublimate 24 - - - ++

48 - - - (+)
Ethanol 12 - + +++ +++

acetic 24 - ++ +++ +++
acid 48 - ++ +++ +++
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Immunohistochemical demonstration of laminin and fibronectin

Table 2 Staining for fibronectin in variably fixed tissue

Fixatve Fixaton Undigested Trypsin Protease Pepsin
time
(hours)

Formol 12 - - +++ +++
saline 24 - + +++ + +

48 - + +++ +
Formol 12 - +

acetic- 24 -
acid 48 - +

Formol 12 - - + ++
sublimate 24 - - + + +

48 - - ++ +
Ethanol 12 - - - -

acetic 24 -

acid 48 -

Table 3 Staining for laminin in variably digested formalin
fixed tissue

Enzyme Digestion Enzyme concentration
tinme
(mins) 0-05% 0-025% 0-0125%

Protease in 10 +++ ++ +
PBSpH 7-3 15 +++ ++ ++

20 +++ ++ ++
30 +++ +++ +++

02% 0-1% 0-05%

Trypsin in 20 - - -
0-1% CaCl2 30
pH 7-8 40 - - -

60 - - -

0-6% 0-4% 0-2%

Pepsin in 30 +++(+) ++(+) ++(+)
0-01 N HCI 60 +++ +++ +++

90 +++ +++ +++
120 +++ +++ +++

Table 4 Staining for fibronectin in variably digested
formalin fixed tissue

Enzyme Digestion Enzyme concentration
tme
(mins) 0*05% 0 025% 0 0125%

Protease in 10 +++ +++ +++
PBS pH 7-3 15 +++ +++ +++

20 +++ +++ +++
30 +++ +++ +++

0-2% O*1% 0-05%

Trpsin in 20 + + +
0l1 CaCl2 30 + + +
pH 7-8 40 ++ + +

60 ++ ++ ++

0-6% 0.4% 0 2%

Pepsin in 30 ++ ++ ++
0-01NHCl 60 ++ ++ +

90 + + +
120 + + +

enabled optimal staining for both fibronectin and
laminin after protease digestion (Figs. 1 and 2). Pep-
sin digestion was equally satisfactory for laminin
demonstration but was slightly less reliable for
fibronectin, although excellent results were some-
times achieved.

Formol acetic acid
Fixation in formol acetic acid allowed good
immunohistochemical staining for laminin, but only
after protease or pepsin digestion. Satisfactory stain-
ing for fibronectin was not obtained after any of the
standard digestion procedures.

Formol sublimate
Fixation in formol sublimate produced less than
optimal results for both proteins. Laminin was
shown only after pepsin digestion and scarcely at all
if fixation had been prolonged.

Ethanol acetic acid at 4°C
Ethanol acetic acid at 4°C was an excellent fixative
for demonstration of laminin when combined with
protease or pepsin digestion. Trypsin also revealed
laminin, although slightly less well. It proved com-
pletely ineffective for fibronectin, although a curious
cytoplasmic staining was sometimes seen. This was
judged to be artefactual.
None of the fixatives enabled positive staining for

laminin or fibronectin in undigested paraffin
embedded tissues. Since the results with 10% for-
mol saline were as good as if not better than any
other fixative tested and since this is the most com-
monly used routine fixative, the next part of the
investigation was confined to tissue which had been
fixed in formalin for 24 h.

VARIED DIGESTION PROCEDURES
Trypsin used at concentrations of 0 05 %-0-2% for
20-60 min did not successfully "unmask" laminin,
while staining for fibronectin was weak and incom-
plete.

Protease used at a concentration of 0-0125% with
a slight increase in incubation time (from 20 to 30
min) produced results equivalent to those produced
by the "standard" procedure (005% protease for
20 min).
Pepsin could be successfully used at a concentra-

tion of 0-2 % for 60 min rather than the "standard"
0-4% for 120 min. Results with this enzyme were
less reproducible for demonstration of fibronectin
than for laminin.

NORMAL SWINE SERUM
Use of normal swine serum before application of the
first antibody diminished background staining, par-
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Fig. 1(a) Laminin in epithelial basement
membranes (arrows) and capillary basement
membranes (arrowheads) ofa normal breast lobule.
Cell nuclei are counterstained with haematoxylin.
Indirect immunoperoxidase staining ofprotease
digested, formalin fixed, paraffin embedded tissue
x 200.
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Fig. 1(b) Ductal carcinoma ofbreast showing
positive staining for laminin in ductal (arrow) and
capillary basement membranes. Carcinoma cell
nuclei are counterstained with haematoxylin but
cytoplasm is negative. Indirect immunoperoxidase,
protease digested, formalin fixed, paraffin embedded
tissue x 125S
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ticularly in preparatioffs stained for laminin. There
was no evidence that it produced false positive or

enhanced background staining for fibronectin.

CONTROLS
All control sections were negative.
The distribution of laminin and fibronectin shown

by immunofluorescent staining of frozen tissue was
identical with that seen in positively stained paraffin

embedded tissue. Laminin was present in epithelial
and endothelial basement membranes (Fig. 1) and
around smooth muscle cells and nerve fibres. No
intracytoplasmic laminin was shown. Fibronectin
had a similar distribution (Fig. 2) but was also pres-
ent in varying amounts in interstitial connective tis-
sue. In carcinoma laminin staining was discontinu-
ous or absent from peripheries of tumour cell
islands. None was seen in cytoplasm of carcinoma
cells. Stromal fibronectin was increased.
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Immunohistochemical demonstration of laminin and fibronectin

Fig. 2(a) Fibronectin in epithelial
(arrow) and capillary (arrowhead)
basement membranes ofa normal breast
lobule. Cell nuclei are counterstained with
haematoxylin. Indirect
immunoperoxidase staining ofprotease
digested, formalin fixed, paraffin
embedded tissue x 125.

Fig. 2(b) Increased fibronectin in stroma
ofinfitrating ductal carcinoma. Indirect
immunoperoxidaselhaematoxylin staining
ofprotease digested, formalin fixed,
paraffin embedded tissue x 200.

Discussion

None of the fixatives tested enabled immunohis-
tochemical staining of paraffin embedded tissues for
fibronectin and laminin to be achieved without
enzymatic digestion. Formol acetic acid and formol
sublimate have been reported to allow staining of
undigested tissue sections for cytoplasmic immuno-
globulins," 12 but the efficacy of different techniques
is clearly dependent on the nature and site of the

antigens under investigation. Fibronectin and lami-
nin shown in the present study were predominantly
extracellular. The indirect peroxidase as opposed to
the peroxidase-antiperoxidase method was used, but
in our experience both techniques produce equival-
ent results with appropriate adjustment of primary
antibody titres.'8 The intracytoplasmic staining for
laminin noted by Albrechtson et a14 in undigested
ethanol acetic acid fixed tissue was not found after
any method of fixation, nor on immunofluorescent
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staining of fresh frozen tissue. The reason for this
discrepancy is not apparent, but one possibility is
different antibody specificities. Contrary to previous
observations,9 ethanol acetic acid at 4°C was com-
pletely unsatisfactory for fibronectin staining.

This study has confirmed that optimal staining of
both fibronectin and basement membrane laminin
can be achieved with formalin fixed paraffin embed-
ded material after protease or pepsin diges-
tion,9 1 13 14 although protease was found preferable.
With this enzyme the staining intensity was the same
whether the tissue had been fixed in formol saline
for 12, 24, or 48 h-that is, the normal range for
routine fixation. No advantage was gained by use of
the other fixatives tested; on the contrary formol
acetic acid and ethanol acetic acid were satisfactory
only for laminin demonstration and formol subli-
mate produced less than optimal results for both
proteins using standard digestion procedures. Vary-
ing the digestion techniques might improve the
results with these fixatives, but since the results with
digested formalin fixed tissue were unlikely to be
bettered this was not pursued.

Trypsin was completely ineffective for laminin
demonstration in formalin fixed tissue and only par-
tially effective for fibronectin demonstration. Fib-
ronectin in blood vessel walls was shown more easily
than that in epithelial basement membranes. In-
efficacy of trypsin for fibronectin staining in formalin
fixed tissue has been noted previously,9 although du
Boulay used this method for a study on fibronectin
distribution in soft tissue tumours.8 It is possible that
the commercial "brand" of trypsin used may affect
the results.
We found that both protease and pepsin could be

used at lower concentrations than in the "standard"
recommended procedures. Since neither of these
reagents is cheap, this may prove important if they
are to be used regularly in routine laboratory diag-
nosis. It may be possible to reduce the concentra-
tions still lower than those described here. A recent
report has recommended using pepsin at 0 025% for
30-45 min.'0 This was found preferable to the usual
0-4% pepsin for 1-2 h, which was said to make
fibronectin localisation difficult due to overdiges-
tion. In a preliminary experiment we have also
found these lower pepsin concentrations effective,
although we have not found overdigestion to be a
problem with the "standard" pepsin or protease
methods.
Our results indicate that the method of choice for

routine immunohistochemical demonstration of
both fibronectin and laminin in paraffin embedded
material is protease digestion of tissue which has
been fixed in formol saline.

We thank Miss Tina Chisnall for typing the manus-
cript.
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