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SUMMARY Forty six lymph nodes were examined with the indirect immunoperoxidase technique
for the distribution of fibronectin and laminin. Fibronectin was present in the framework of the
tissue and the basal lamina of blood vessels, giving a clear ouline of nodal architecture. Intracellular fibronectin was observed in cases of reactive sinus histiocytosis, when about a third of macrophages exhibited strong positivity. Mast cells were positive. A pronounced increase in extracellular fibronectin was seen in nodular sclerosing Hodgkin's disease, although heavily hyalinised
areas exhibited only superficial positivity. Reed-Sternberg and mononuclear Hodgkin's cells were
consistently negative for fibronectin. Laminin staining was localised to vascular and marginal
sinus basement membranes. No cellular positivity was evident. The distribution of laminin indicated a pronounced increase in vascularity in nodular sclerosing Hodgkin's disease, which was
especially prevalent within the dense fibrous trabeculae. In contrast, however, examination of the
other Rye subtypes showed a lesser degree of vascularity with numbers of vessels similar to those
observed in reactive follicular hyperplasia. Laminin was found to be more efficient than factor
VIII related antigen as a vascular marker.

Fibronectin and laminin are both non-collagenous tissue. Studies on fibronectin have been confined to
connective tissue glycoproteins of high molecular Hodgkin's disease and have produced conflicting
weight.' 2 Fibronectin is widely distributed through- results. Resnick and Nackman reported cytoplasmic
out the body and is found in basement membranes fibronectin in Reed-Sternberg cells and presented
and loose connective tissue. Although its distribu- this as evidence for their monocyte and macrophage
tion differs from that of collagen and elastic fibres, lineage.'7 In contrast Moller et al concluded that
its relation to reticulin remains unclear.35 It has both Reed-Sternberg and Hodgkin's cells probably
been found in several cell types including fibroblasts, neither synthesise nor bind fibronectin.'8 Both promacrophages, megakaryocytes, and platelets as well teins are detectable in sections fixed in formalin and
as plasma.6'"' Laminin, however, is localised to the embedded in paraffin using specific antibodies. In
basal lamina of only epithelial, mesenchymal, and the case of laminin, however, pretreatment of the
endothelial cells." 12 Current interest in both glyco- tissue sample with proteolytic enzymes is required
proteins centres on their altered distribution in before it can be detected.'9 We have used these
malignant conditions. Stromal fibronectin is methods, therefore, to determine the distributions
increased in most carcinoma tissue,'3 while surface of fibronectin and laminin in normal and pathologifibronectin may be lost from cells after oncogenic cal lymphoid tissue.
transformation.'4 Loss of laminin and disruption of
basement membrane structure appear important for
the detachment of tumour cells and metastatic Material and methods
development.'5 In addition, the egression of metastasising cells from the circulation may be mediated We used rabbit antihuman fibronectin obtained
in part through receptors to laminin on the surface from Dakopatts A/S (A245) and rabbit antimouse
laminin kindly donated by Dr Roberts, Bethesda
of cells.'6
We have not discovered any previous studies on Research Laboratories (BRL 6265SA). Peroxidase
the distribution of laminin in pathological lymphoid conjugated swine antirabbit antiserum was also
obtained from Dakopatts A/S (P2 17). All antiAccepted for publication 2 April 1985
bodies were diluted 1/40 in phosphate buffered
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Digestion was stopped in cold running tap water.
(iv) The sections were then washed and treated with
normal swine serum in phosphate buffered saline
(1/5 dilution) for five minutes. (v) Primary antibodies (1/40) were applied at room temperature for
30 minutes. (vi) The sections were washed in phosphate buffered saline for 15 minutes (three changes)
and incubated with swine antirabbit IgG peroxidase
conjugated (1/40) for 30 minutes, with a subsequent
wash in phosphate buffered saline. (vii) The sections
TISSUES
were
then rinsed in 3,3' diaminobenzidine/H202 and
Forty six paraffin embedded sections were
counterstained
where appropriate with Mayer's
examined. The table shows the histological dia- haematoxylin. (viii)
Finally, the sections were dehynosis. Specimens were fixed for 24 hours in 10%
in
drated
ethanol,
rinsed
in xylene, and mounted in
neutral buffered formol saline'9 and routinely proKirkpatrick and Lendrum's DPX for preservation.
cessed to paraffin wax.
CONTROLS

METHOD

(i) Sections (3 ,um) were rehydrated with xylene and
alcohol. (ii) Endogenous peroxidase activity was
blocked by treating the sections in 0-3% hydrogen
peroxide in methanol for 30 minutes at room temperature. (iii) Sections were washed in phosphate
buffered saline for five minutes and then treated
with 0 05% protease type VII (Sigma, P-5255) in
phosphate buffered saline for 20 minutes at 37°C.
Classification of lymphoid tissue examined with indirect
immunoperoxidase technique
Diagnosis

No of secdons

Reactive follicular hyperplasia
Reactive sinus histiocytosis
Tonsil
Angiofollicular hyperplasia
Hodgkin's disease
Nodular sclerosis
Mixed cellularity
Lymphocyte predominant
Lymphocyte depleted
Non-Hodgkin's lymphoma
T cell
B cell

8
2
3
1
24
10
8
4
2
8
2
6

Substitution of primary antibody with non-immune
rabbit IgG or phosphate buffered saline produced
negative staining. Negative reactions were also
observed with inappropriate primary antibodies.
The blocking of endogenous peroxidase activity with
methanol was shown not to affect the antigenicity of
fibronectin, laminin, and factor VIII related antigen.
Results
FIBRONECTIN

Antifibronectin antibody produced a reticular pattern of staining in addition to outlining the vascular
basement membranes in all tissues. In lymph nodes
showing reactive follicular hyperplasia an interfollicular, web like extracellular network of fibronectin
was present. By contrast, the follicles contained
scanty fibronectin limited to a few fibrils and occasional staining in blood vessel walls. In these nodes
marginal sinus basement membranes were positive
and heavy staining was present in node capsules.
Similar results were obtained in tonsillar tissue and

Fig. 1 Reactive sinus histiocytosis.
(a) Haematoxylin and eosin. x 150.
(b) Stained for fdironectin. Note
presence of strongly staining
histiocytes (arrowed). x 150.
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saline pH 7-4 before use. T and B cell nonHodgkin's lymphomas had been previously
classified using mouse monoclonal antibodies
applied to frozen sections. The range used included
anti-IgM, anti-IgD, anti- DRC, and anti-T cell
(helper and suppressor), all obtained from
Dakopatts A/S. The remaining materials were
obtained from BDH Chemicals Ltd, Poole,
England.

LAMININ

In lymph nodes laminin was localised to vascular
and marginal sinus basement membranes only
(Fig. 3) and was found to be a suitable vascular
N'
marker. In reactive follicular hyperplasia staining
was essentially confined to interfollicular areas with
A
.' ..-\
T
few vessels staining within the follicle centres
(Fig. 4). Tonsillar tissue, while highlighting the
perifollicular vascular distribution more clearly, also
showed strong staining of cryptal epithelial basement membrances. Blood vessels in angiofollicular
Fig. 2 Nodular sclerosing Hodgkin's disease showing
stained strongly, including those within
hyperplasia
minimal
Note
in
areas
sclerosis.
of
staining
dense fibronectin
the follicle centres (Fig. 5). Laminin staining in
staining pattern in an area of hyalinisation (arrowed).
Hodgkin's disease showed a considerable increase in
x 150.
vascularity in the nodular sclerosing subtype. This
in a lymph node showing angiofollicular hyperplasia,
although the lymph node contained increased numbers of small blood vessels in the interfollicular tissue. Cellular fibronectin was confined to mast cells
and was not observed in lymphocytes, neutrophils,
or macrophages. By contrast, lymph nodes showing
reactive sinus histiocytosis possessed considerable
C:
C,
cellular positivity confined to areas of histiocytic
hyperplasia, 20-30% of these cells reacting strongly

i S ^-e
0<10- A'+n

X

(Fig. 1).

A considerable difference was observed in
stromal fibronectin content between the subtypes of
Hodgkin's disease. Lymph nodes showing nodular
sclerosing Hodgkin's disease contained increased
quantities of fibronectin. Dense staining was seen
within the bands of sclerotic tissue (Fig. 2), although
hyalinised tisse exhibited only surface staining.
Mixed cellularity, lymphocyte depleted, and lym- Fig. 4 Reactive follicular hyperplasia. Laminin staining is
phocyte predominant subtypes did not have essentially confined to blood vessels within the interfollicular
increased stromal fibronectin. Reed-Sternberg and areas. Few vessels are present within follicle centres. x 150.
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Fig. 3 Marginal sinus of reactive
lymph node (follicular hyperplasia).
Laminin is localised to vascular (single
arrow) and marginal sinus basement
membranes (double arrow) only. x
600.
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mononuclear "Hodgkin's cells" were consistently
negative. In all cases of Hodgkin's disease and
non-Hodgkin's lymphoma the disruption in nodal
architecture was clearly visible.
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Fig. 5 Angiofolicular hyperplasia stained for laminin.
150.

x

was widespread and most pronounced within areas
of dense fibrous tissue (Fig. 6). The other Rye subtypes, by contrast, did not show increased vascularity (Fig. 7). In all sections the residual follicles could
be clearly identified by their relative lack of vasculature. In sections of non-Hodgkin's lymphoma T cell
tumours had a greater vascularity than B cell

Fig. 7 Specimen oflymphocyte depleted Hodgkin's
disease stained for laminin. x 150.

granular positivity. Varying degrees of staining were
shown in some pathological specimens. In contrast
to vascular endothelial cells, marginal sinus lining
cells were uniformly negative (Fig. 8).
Discussion

The distribution of fibronectin in lymphoid tissue
correlated, as reported by Stenman and Vaheri,3
with basement membranes and reticulin fibres. Of
FACTOR VIII RELATED ANTIGEN
Factor VIII related antigen was generally found to particular interest, however, was the finding of
be less effective than laminin as a vascular marker, increased deposition of fibronectin in nodular
both in the clarity of staining and in the number of sclerosing Hodgkin' s disease. Experimental evivessels stained. Vascular endothelial cells in reactive dence shows that deposition of fibronectin may
hyperplasia stained best, with a moderate to strong facilitate the ingrowth of fibroblasts and subsequent
tumours.
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Fig. 6 Nodular sclerosing Hodgkin's disease stained for
laminin (same specimen as Fig. 2). Note presence of
increased vascularity. x 150.

Fig. 8 Marginal sinus of reactive lymph node (follicular
hyperplasia) stained for factor VIII related antigen. In
contrast to vascular endothelial cells marginal sinus lining
cells

are

negative.

x

600.
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ment membranes and was found to be an ideal vascular marker. Its reliability and effectiveness was
compared with that of factor VIII related antigen,
an established marker for vascular endothelial cells.
Although factor VIII related antigen has been
identified with various immunological techniques in
tissue sections26 27 and cultured endothelial cells,28 it
is not specific for the endothelial cell, found in

1978; 147:1054-64.
Martinez-Hernandez A. The hepatic extracellular matrix. 1.
Electron immunohistochemical studies in normal rat liver. Lab
Invest 1984;51:51-74.
D'Ardenne AJ, Burns J, Sykes BC, Kirkpatrick P. Comparative
distribution of fibronectin and type III collagen in human tissues. J Pathol 1983; 141:55-69.
6 Yamada KM, Weston JA. Isolation of a major cell surface
glycoprotein from fibroblasts. Proc Natl Acad Sci USA
1974; 71: 3492-6.
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formation of fibrous tissue.2"' Wound healing models platelets and megakaryocytes.2930 Bloom and Gidhave shown that the synthesis of fibronectin occurs dings pointed out that most commercial factor VIII
early in the formation of granulation tissue together related antigen antisera are not necessarily specific
with invading fibroblasts. Synthesis of collagen and may well be contaminated with additional antioccurs later, and once organised into larger bundles bodies.3' While normal blood vessels stain satisfacboth fibroblasts and fibronectin can no longer be torily, varying degrees of positivity are seen in cerseen.2" This observation may account for the mini- tain pathological conditions26: this limitation has
mal staining of fibronectin seen in heavily hyalinised been noted in pathological lymphoid tissue. Jones
areas. In contrast to nodular sclerosing Hodgkin's et al found weak staining of the abnormal vessels
disease, all other pathological lymph nodes within follicle centres in a study of angiofollicular
examined showed similar patterns of fibronectin hyperplasia.32 The result of our study would suggest
staining, suggesting that fibronectin does not play a that laminin is a more efficient vascular marker than
major part in their pathogenesis. The vascular reac- factor VIII related antigen as most vessels, including
tion seen in nodular sclerosing Hodgkin's disease those in angiofollicular hyperplasia, stained
may in some way induce synthesis of collagen in the uniformly and strongly.
stroma.2' Interestingly, we have described a similar
The localisation of laminin confirmed the
increase in both fibronectin and vascularity in reported increase in vascularity of nodular sclerosmyelofibrosis.8 22 It remains to be determined, how- ing Hodgkin's disease, especially within the dense
ever, whether this increased vascularity represents a fibrous trabeculae.2' In contrast to this earlier study,
primary or secondary phenomenon.
however, we did not find a deficiency of vessels in
The localisation of cellular fibronectin in our the other Rye subtypes when compared with reacstudy was limited to mast cells and reactive his- tive follicular hyperplasia. Similar conclusions were
tiocytoses. Mast cell staining has been reported by obtained using antifactor VIII related antigen antiseveral authors,'8 23 although whether it is true stain- bodies despite this being less effective as a vascular
ing or an artefact remains uncertain. Macrophages marker. These findings were consistent in all secare known to synthesise and secrete fibronectin, a tions examined; the reason for the difference befunction thought to be related to their phagocyte tween our results and those of Crocker and Smith2'
activity.24 One study reported that about a third of is unclear.
mononuclear cells from peritoneal exudates induced
A diagnostic feature of T cell lymphoma is
by oil, stained for fibronectin.25 While we could not reported to be an increase in vascularity compared
detect fibronectin within normal lymph node mac- with B cell lymphoma.33 This was confirmed in our
rophages, one third of the histiocytes in areas of small series, although laminin and factor VIII
sinus histiocytosis possessed strong positivity. This related antigen showed more vessels in both T and B
would suggest that histiocytic fibronectin synthesis cell lymphomas than was suggested on routine stainmay occur as a result of antigenic stimulation and ing with haematoxylin.
subsequent proliferation. Resnick and Nachman We thank Mr A Williams for his help with photoreported the presence of abundant cytoplasmic
and Miss Helen Dimmock for secretarial
fibronectin in Reed-Sternberg cells'7 and, as lym- graphy
This
help.
study was financially supported by the
phocytes neither contain nor sythesise fibronectin, Carol
Fund and Mersey Regional Health
Shepherd
used this as evidence for their macrophage origin.
Authority.
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