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Relation of granulomas to lymphatic vessels in
Crohn's disease

E E Mooney, J Walker, D O'B Hourihane

Abstract
Aims-To examine the relation between
granulomas and lymphatic vessels in
Crohn's disease.
Methods-Formalin fixed, paraffin wax
embedded sections were selected from sur-
gical resection specimens from 10 cases
diagnosed as Crohn's disease. The block
that showed the most granulomas was se-
lected from each case. Sections 5 im thick
were immunostained with antibodies dir-
ected against the endothelial markers
factor VIII related antigen and Ulex
europaeus lectin, and against the vascular
wall components collagen IV and laminin.
Granulomas were counted on each slide
in the serosa, muscularis propria, sub-
mucosa, and mucosa. In each area gran-
ulomas were classified according to their
relation to lymphatic or blood vessels.
Results-Overall, an average of 46 1% of
granulomas (range 15-3-90.4%) was re-
lated to lymphatic vessels, with the ma-
jority ofthese being adjacent to the vessel,
rather than in the lumen or distorting the
wall. A smaller percentage (101%, range
2-4-25-8%) was related to blood vessels.
Conclusions-A significant proportion of
granulomas in Crohn's disease is associ-
ated with lymphatic vessels. Blood vessel
involvement may be a secondary phe-
nomenon, rather than the primary event.
( Clin Pathol 1995;48:335-338)
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Crohn's disease is a multisystem disease
characterised by non-caseating granulomas.
Its aetiology remains obscure, although gran-
ulomatous vasculitis has been suggested as the
significant pathogenic mechanism.' Dilated
lymphatic vessels are characteristic of Crohn's
disease2 and the localisation of lymphoid ag-
gregates around them has been noted. A vas-
culitis-that is, an arteritis, is a feature of a
minority of cases of Crohn's disease3 and the
hypothesis that Crohn's disease is a primary
vasculitis has not found general acceptance.'6

In reporting cases of resection specimens of
Crohn's disease submitted to our laboratory we
noted that a large number of the characteristic
loosely formed granulomas seemed to be in-
timately related to thin-walled dilated channels
presumed to be lymphatic in nature. This study
was designed to explore that relationship.

Methods
This study was based on a selection of 10 cases
from surgical resection specimens diagnosed as

Crohn's disease. All tissues had been fixed
in 10% buffered formalin and embedded in
paraffin wax. Original diagnostic slides were
reviewed and the diagnosis of Crohn's disease
confirmed. In addition to granulomas, all cases
showed transmural inflammation, submucosal
oedema/fibrosis and mucosal ulceration. One
block from each case which showed the greatest
degree of granulomatous inflammation, and
relative preservation of the mucosa, was se-
lected for immunohistochemistry. Nine blocks
were of ileum and one was of colon. Im-
munohistochemistry was performed on sec-
tions 5 ptm thick using a Streptavidin peroxidase
technique as follows: antibody to factor VIII
related antigen (polyclonal; Dako, Glostrup,
Denmark) was used at a dilution of 1 in 400
after pretreatment with trypsin for 15 minutes;
antibody to Ulex europaeus lectin (Vector
Laboratories, Burlingame, California, USA) at
a dilution of 1 in 200; antibody to collagen
type IV (monoclonal; Dako) at a dilution of 1
in 50 after pretreatment with trypsin for 30
minutes; and antibody to laminin (monoclonal;
Sigma, St Louis, Missouri, USA) at a dilution
of 1 in 2000 after pretreatment with pepsin for
30 minutes. In addition, immunostaining for
CD68 (monoclonal PG-M 1; Dako) was per-
formed at a dilution of 1 in 80 after pre-
treatment with trypsin for 15 minutes.
For each region of the bowel wall (serosa,

muscularis propria, submucosa, mucosa), the
number of granulomas was counted. For the
purpose of this study, a granuloma was defined
as a localised aggregate of histiocytes with or
without giant cells, or an aggregate of lympho-
cytes and histiocytes where the latter made up
the majority of cells present. On staining with
haematoxylin and eosin, vessels were judged to
be either lymphatic or blood vessels principally
according to the thickness of their wall related
to luminal size, and to luminal contents, red
cells indicating a thin-walled blood vessel. On
immunohistochemistry, these morphological
features were assessed in combination with
the staining pattern in designating a vessel.
Granulomas were assessed for location: where
a granuloma was present in the lumen of a
lymphatic vessel, with no obvious attachment
to the wall, it was classified as "luminal". Where
abutting on the wall, but not protruding into
the lumen, it was classified as "adjacent", and
distortion of the wall was a third diagnostic
category. Granulomas classified as "related to
blood vessels" were those involved in a gran-
ulomatous arteritis, or where there was an in-
timate relation between the granuloma and
the adventitia and/or media of a blood vessel.
Where there was no obvious relation to a blood
or a lymphatic vessel, the designation "not
otherwise specified" was applied.
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Figure I Loosely formed granuloma impinging on and distorting the wall of a lymphatic
channel.

Figure 2 Positivity for factor VIII is strong in the three blood vessels (left) and weak
and focal in the lymphatic channel (right), which contains a granuloma (immunostain
for factor VIII).

Figure 3 Staining for laminin is strongly positive in blood vessels, and shows minimal
staining in lymphatic vessels, one of whose walls is disrupted by a granuloma
(immunostain for laminin).

To establish that these aggregates of
histiocytes were granulomas, 10 consecutive
cases of ulcerative colitis resection specimens,
comprising a total of 109 slides of colon, were
reviewed. Clinical notes were examined and in
all cases the clinical and (where radiology was
performed) radiological diagnoses were con-
sistent with the diagnosis made on macroscopic
and microscopic examination of the specimen.

Results
Haematoxylin and eosin stained slides showed
granulomas in the lumina of thin-walled chan-
nels, adjacent to these channels and disrupting
their walls. The granulomas typically had a
central aggregate ofhistiocytes, minimal stroma
and a peripheral cuff of lymphocytes (fig 1).

Staining for factor VIII related antigen
showed a thin, weak and focally discontinuous
positivity in lymphatic vessels, in contrast to
the thicker strong positivity seen in blood ves-
sels (fig 2). Staining for Ulex europaeus lectin
was similar in intensity in lymphatic and blood
vessels, but was thinner in lymphatic vessels,
and also showed focal discontinuity. Antibodies
to collagen IV and laminin were diffusely posi-
tive around blood vessels, with occasional weak
staining of the walls of larger lymphatic vessels,
especially with laminin (fig 3). The histiocytic
nature of the cells in the granulomas was con-
firmed by positive staining for CD68.
The number ofgranulomas identified in each

case is shown in the table. This table shows
the absolute numbers of granulomas seen on
each slide. Category II (related to lymphatics)
includes all granulomas that were classified as
luminal, adjacent to lymphatics, or distorting
the wall of a lymphatic vessel. Use of the
endothelial antibodies resulted in confirmation
of the original light microscopic impression,
with almost all cases showing an increase in
the relative number ofgranulomas that could be
classified as associated with lymphatic vessels.
Further assessment using the vascular wall
markers enabled a smaller proportion to be clas-
sified as related to blood vessels. In some cases
this was because of reclassification of a vessel
thought to be lymphatic on the basis of endo-
thelial marker staining, but use of collagen IV
and laminin also enabled visualisation of small
vessels disrupted by granulomatous inflam-
mation and classified on staining with haema-
toxylin and eosin as "not otherwise specified".
The granulomas were for the most part small

and loosely formed, and it was possible to follow
the same granuloma through sequential levels
in only a minority ofcases. The absolute number
of granulomas therefore differs on the different
slides, but the general trend was maintained.
Ofthe granulomas that were felt to be related

to lymphatic vessels, the majority (49%) were
categorised as "adjacent". The remainder were
divided almost equally between the other two
categories. In some cases the same granuloma
could be seen in the lumen on one slide and
the point of disruption of the wall became
apparent on the following slides which acted
as levels. Thus, the same granuloma may have
been classified in different categories for the
different stains.
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Absolute numbers of granulomas

H+E Factor VIII Ulex Collagen IV Laminin

Case No. I I III I II III I I 111 I 1 III I 1 III

1 20 23 0 4 3 1 0 3 45 0 5 22 1 8 40 7
2 8 4 4 3 6 2 6 4 2 4 7 1 9 11 5
3 7 10 0 3 10 0 9 14 1 9 13 6 9 12 3
4 42 49 5 2 1 39 5 35 3 1 9 27 42 6 1 0 48 5
5 7 7 0 12 4 2 7 8 0 6 5 2 9 9 0
6 1 5 0 1 8 0 1 4 0 0 11 1 0 10 0
7 6 0 2 0 3 1 3 2 1 2 2 2 2 4 3
8 16 1 3 9 5 1 13 6 3 9 7 2 8 3 4
9 17 1 0 11 2 0 12 3 2 12 3 0 7 2 0
10 23 2 1 33 5 4 24 7 1 18 14 4 9 10 4

I = granulomas classified as "not otherwise specified"; II = granulomas related to lymphatic vessels (adjacent, luminal, and distorting
wall); III = granulomas related to blood vessels; H= haematoxylin; E= eosin.
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Figure 4 Percentage of granulomas associated with
lymphatic and blood vessels, in each of 10 cases.

The percentages of the total number of gran-
ulomas which were related to lymphatic and
blood vessels are shown in fig 4. For lymphatic
vessels, this figure ranged from 15-3 to 90 4%,
with a mean of 46-1% and a median of 43-5%.
For blood vessels, the range was 2-4 to 25-8%
and the mean 10-1% (median 8 4%). There
was no correlation between vascular and
lymphatic involvement in individual cases.
Review of cases of ulcerative colitis revealed

a total of three cellular aggregates in the lumina
of lymphatic vessels in two cases, which were
suggestive of granulomas. However, these ag-
gregates showed a significant mixture of
histiocytes and lymphocytes, rather than the
peripheral rim of lymphocytes seen in Crohn's
granulomas and in no case was disruption of
the wall identified.

Discussion
Despite the characteristic pathological features
of Crohn's disease, the aetiology of this con-
dition remains obscure. Non-caseating gran-
ulomas are found in approximately 60% of
cases of Crohn's disease7 and a small minority
of cases show an arteritis. Granulomatous in-
flammation has been associated with this vas-
culitis in the gut8 and in lesions of Crohn's
disease occurring elsewhere perivascular local-
isation ofgranulomas has been noted.91o Geller
and Cohen3 claimed that 20% of cases of in-
testinal Crohn's disease showed arterial lesions,
including granulomatous arteritis in 4%. More

recent studies have claimed that most of the
granulomas form in the walls of blood vessels
and that Crohn's disease is mediated by a
vasculitis.'" Intravascular thrombosis is rare,
however, and cases with a granulomatous vas-
culitis have not shown deposition of im-
munoglobulin or complement.'2 Recognisable
ischaemic changes were not seen in our speci-
mens and the hypothesis that Crohn's disease
is primarily a vascular disease has not found
general acceptance."
Lymphatic involvement has been recognised

in Crohn's disease for some time, with dilated
lymphatic vessels prominent in the sub-
mucosa.' Lymphoid aggregates are frequently
associated with these and granulomas adjacent
to the dilated channels, pressing on their walls,
have also been noted."3 The concept of Crohn's
disease as a granulomatous lymphangitis was
discussed by Hadfield in 1939'4 and elaborated
on by Warren and Somers, who referred to this
as the "chief disease process".15 Among the
pathogenic mechanisms suggested were scler-
osis and obstruction of lymphatic vessels, with
characteristic submucosal oedema and fibrosis.
Also suggested was obstruction of arterial lu-
mina by granulomatous inflammation located
in adjacent lymphatic vessels, which seems less
likely given arterial wall thickness. While gran-
ulomas are not identified in every case of
Crohn's disease, they are likely to represent a
significant feature in the pathogenesis of this
disease, being "an adaptive mechanism for the
removal or localisation of the causative agent
of Crohn's disease".'6 Despite the fact that
granulomas are frequently associated with
lymphoid aggregates, McGovern and Goulston
felt that as the former were not invariably pres-
ent and the latter were, and that granulomas
were an epiphenomenon rather than an essential
feature of the pathological process.8 By con-
trast, their importance, and possible primary
significance, was emphasised by others.'7
The distinction between small blood vessels

and lymphatic vessels may be difficult on sec-
tions stained with haematoxylin and eosin'8
and there may be considerable interobserver
variation.'9 Distinction between the two, para-
doxically, may be easier in routinely processed
tissue than in specimens treated by perfusion
fixation, where the blood vessels remain dilated
and their walls thin.' Previous workers have
used antibody panels similar to ours to differ-
entiate between them. Factor VIII positivity has
been reported as weak and focal in lymphatic
vessels.'820 Ulex has been reported as showing
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a similar intensity of staining in blood and
lymphatic vessels."819 In our cases blood vessel
staining was more intense, but variation in
endothelial marker positivity is recognised.2'
Collagen IV and laminin have variously been
reported as being either weakly positive'8 or
negative20 in lymphatic capillaries, but both of
these studies showed patchy weak positivity in
lymph collecting vessels.
The combination of morphology and im-

munohistochemical profile ofour cases enabled
a satisfactory distinction to be made between
lymphatic vessels, with definite endothelial and
minimal basement membrane positivity, and
blood vessels, with strong and distinct staining
for both.
Although compact sarcoid-like granulomas

were seen in many cases, most of the gran-
ulomas were small and loosely formed, with
a pattern similar to that described in gastric
Crohn's disease.' The pattern of central ag-
gregation of histiocytes, the presence of similar
granulomas in tissue as well as lymphatic lu-
mina and their absence in ulcerative colitis,
where dilated lymphatics may also be seen, is
proof that these are true granulomas, rather
than intra-luminal cellular sediment. Fur-
thermore, if those granulomas confined to the
lumen are excluded from the data in the table,
the mean number of granulomas associated
with lymphatic vessels falls only slightly, from
46-1 to 406%.
The overall percentage of granulomas char-

acterised as related to lymphatic vessels
(46 1%), we feel, is most likely an un-
derestimate. The difficulties involved in iden-
tifying lymphatic vessels are not entirely
abolished by immunohistochemistry, and in
this study, although the impression that a di-
lated and thin-walled vessel was lymphatic was
strong, a granuloma was not classified as related
to a lymphatic vessel unless supported by the
staining pattern as described. Similarly, gran-
ulomatous inflammation with sclerosis would
result in obliteration of lymphatic vessels and
a further increase the false negative rate. We saw
tiny foci of positivity for endothelial markers in
some granulomas, but unless there was an-
identifiable channel, the designation "not
otherwise specified" was retained.
The results of this study suggest that gran-

ulomatous lymphangitis is a primary lesion of
Crohn's disease and the consequence of the
localisation of granulomatous inflammation is
the submucosal oedema and fibrosis which
gives rise to many of the characteristic clinical,
radiological and histological features of the dis-
ease. The causative antigen of Crohn's disease
may be taken up by macrophages which then
enter the lymphatic vessels. Why localisation
occurs here is unclear as yet. In this study 25%
of lymphatic associated granulomas showed
disruption of the vessel wall, suggesting that
intralymphatic granulomatous inflammation is
an early event. Whether this is because of up-
take of antigen by lymphatic endothelium is
unclear. Dilatation of these vessels may reflect
the presence of granulomatous inflammation,
or may be secondary to sclerosis. The findings
suggest a secondary role for arteritis in the

pathogenesis ofCrohn's disease, although given
the antigenic similarity of vascular and lymph-
atic endothelium, blood vessel involvement
would be expected. This involvement could be
on the basis of exposure of a shared antigen to
immune assault, or extension ofgranulomatous
inflammation-for example, from mural
lymphatics of arterioles.

Crohn's disease is one of the major gran-
ulomatous diseases of obscure aetiology, the
other being sarcoidosis. Of interest is the doc-
umented association between the granulomas
of sarcoid and lymphatic vessels and vascular
channels,22 23 and the suggestion that, as sarcoid
granulomas follow the lymphatic vessels of the
lung, the granulomatous inflammation ofblood
vessels occasionally observed in this condition
is secondary to the spread of granulomas into
vessels and other structures, rather than a pri-
mary vasculitic process.24 Identification of the
reasons for granuloma localisation in lymphatic
vessels will be of major importance in elu-
cidating the pathogenesis of Crohn's disease.
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