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Analysis of adhesion molecules in the
immunopathogenesis of giant cell arteritis
S 0 Wawryk, H Ayberk, A W Boyd, J Rode

Abstract
To explore the role of adhesion
molecules in mediating mononuclear
cell localisation, development of the
granulomatous reaction, and cell
mediated damage to the arterial wall in
giant cell arteritis, 17 temporal artery
biopsy specimens were examined. Eleven
showed the histological features of giant
cell arteritis and six showed no evidence
of arteritis. All were examined for the
expression of LFA-3, ICAM-1 and its
receptor LFA-1, and HLA-DR. Temporal
arteries with early features of arteritis,
as well as histologically unaffected skip
areas, showed a regional induction of
ICAM-1 expression, but not HLA-DR, on
smooth muscle cells of the media.
ICAM-1 expression was detected in areas
where a -clinically important mono-
nuclear cell infiltrate had not yet
developed. In more florid cases of giant
cell arteritis there was an additional
widespread induction of ICAM-1 expres-
sion on intimal. myofibroblasts. Strong
expression of ICAM-1, HLA-DR, and
LFA-3 was found on macrophages,
epithelioid cells, and giant cells
comprising the granulomatous lesion.
The pattern of expression of these

adhesion molecules suggests that they
have a role in leucocyte traffic into the
vascular lesion as well as in mediating
the intercellular interactions which con-
stitute the granulomatous response.
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Giant cell arteritis (temporal arteritis) is a
vasculitis of unknown aetiology affecting
medium and small sized arteries. Immuno-
phenotypic analysis of the mononuclear cell
infiltrate in giant cell arteritis indicates that
cell-mediated immune mechanisms may be
involved in the pathogenesis of this disease.
Lymphocytes found at the site of arterial
damage include activated T cells which
express the class II major histocompatibility
complex (MHC) antigen HLA-DR and the
interleukin-2 receptor."q The inability to
detect these activation markers on peripheral
blood T lymphocytes of these patients led
investigators to suggest that T cells were
activated within the vascular lesions.4
Furthermore, expression of HLA-DR by
macrophages, epithelioid cells, and multi-
nucleated giant cells, which comprise the
granulomatous inflammatory cell infiltrate,
suggested that these cells finction as antigen

presenting cells and have a role in activating
neighbouring T cells.'-5 Although no antigen
(either foreign or self) has been defined, these
cellular interactions are thought to underlie
the chronic inflammatory process in this dis-
ease.5

Conjugate formation between T cells and
antigen presenting cells is a prerequisite for
antigen specific T cell activation. The MHC
class II molecule presents processed exo-
genous antigen for recognition by the T cell
receptor on CD4 positive T cells6 and also
participates as an adhesion molecule through
its interaction with the CD4 molecule.7
Several other distinct receptor and ligand
interactions contribute towards T cell activa-
tion by antigen presenting cells.8 Of these,
two well characterised accessory adhesion
pathways are the LFA-1/ICAM-1 and CD2/
LFA-3 interactions.9 These adhesion
molecules have an important role in mediating
the intercellular interactions underlying
leucocyte localisation, activation, and effector
functions."' LFA-1, an ol, /2 heterodimer
belonging to the integrin family of
molecules," is expressed on virtually all
leucocytes,'0 CD2 has a distribution restricted
to T cells. 14 *The ligands for both these
adhesion receptors are ICAM-1/ICAM-2 and
LFA-3, respectively."1'7 In contrast to the
widespread and constitutive expression of
LFA-3, an invariable feature of ICAM-1 is its
induction on most tissues in response to a
range of cytokines.'218 Cytokines are locally
released at sites of acute and chronic inflam-
mation and here ICAM-1 may have a role in
facilitating interactions among leucocytes and
between leucocytes and non-haemopoietic
cells. As cytokines play a crucial part in the
development of the granulomatous inflam-
matory process'9 we analysed the distribution
of adhesion molecules within the arterial wall
and on the granulomatous inflammatory cell
infiltrate of giant cell arteritis.

Methods
Seventeen temporal artery biopsy specimens
taken for diagnostic purposes at St Vincent's
Hospital and at The Royal Victorian Eye and
Ear Hospital were used for this study. Each
specimen was received fresh and divided into
segments of3mm in length. Portions from each
specimen were formalin fixed, embedded in
paraffin wax, and used for routine histological
examination. The remaining portions from
each biopsy specimen were placed in OCT
Compound (Miles Laboratories, Naperville,
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Table I Clinicalfeatures ofpatients with histologically confirmed giant cell arteritis

Case No Age Sex Climcalfeatures Duration ofsymptoms Corticosteroid treatment (days)

1 73 F Headaches; loss of vision in 5 weeks 1
right eye ESR = 104

2 86 F Headaches; jaw claudication; 2 months 1
tender, palpable left
temporal artery ESR = 65

3 68 F Polymyalgia rheumatica, months 0
non-tender, palpable left
temporal artery ESR = 60

4 75 M Headache; malaise; visual 2 weeks 1
loss in the right eye ESR= 23

5 78 F Tender temporal arteries; 2 weeks 0
loss of vision ESR = 110

6 66 F Polymyalgia rheumatica; 13 months 1
visual loss in right eye 3 weeks
ESR = 49

7 71 F Visual loss in right eye; 24 months 2 years
bilateral palpable temporal 1 month
arteries ESR = 14

8 76 M Headaches; non-tender 3 weeks 4
palpable temporal artery
ESR =80

9 73 M Headaches; jaw claudication; 1 month 0
visual loss in right eye
ESR = 60

10 74 F Polymyalgia rheumatica; left 11 months 1
left central retinal artery 3 days
occlusion ESR = 121

11 73 F Headaches; blurred 2 weeks 1
vision. ESR = 60

Illinois), snap-frozen in liquid nitrogen, and
sectioned for immunohistochemistry. Clinical
features of all patients with histologically
confirmed giant cell arteritis are summarised in
table 1.

Cryostat sections (4 gm) were dried over-
night at room temperature and fixed in acetone.
Cryostat sections were blocked with 0 5%
bovine serum albumin, incubated for 30
minutes with primary monoclonal antibodies
(table 2), followed by a three-step immuno-
peroxidase procedure using Dako ABC reagent
(Dakopatts, Haegerston, Sweden). Peroxidase
activity was detected by a three minute incuba-
tion with 3, 3' diaminobenzidine tetra-
hydrochloride (05 mg/ml) (Sigma) containing
0-015% H202. Sections were counterstained
with haematoxylin. All sections were stained at
the same time using separate slides for each
monoclonal antibody listed in table 2. Negative
controls consisted of replacement of primary
antibody with phosphate buffered saline or an
isotype matched monoclonal antibody, WEHI-
B2, which recognises the CD21 antigen on B
cells."

Results
Temporal artery biopsy specimens from six
patients lacking the histological features of
giant cell arteritis but showing varying degrees
of arteriosclerosis were used as controls in this

Table 2 Monoclonal antibodies used in this study

Monoclonal
antibody Specificity Dilution Source/reference

W-CAM-1 ICAM-1 (CD54) 1:500 11
TS2/9-1-1 LFA-3 (CD58) 1:100 14
MHM24 LFA-1, alpha 1:50 Dakopatts

subunit (CD-I la)
MHM23 LFA-1, beta 1:50 Dakopatts

subunit (CD18)
KB90 p150/95 (CD-iIc) 1:50 Dakopatts
3/FlO HLA-DR 1:300 AW Boyd
Wehi-B2 CD21 1:200 11

study. A moderate and uniform staining for
LFA-3 was seen on all components of the
arterial wall (fig 1). ICAM-1 expression was
restricted to endothelial cells (fig 1). Staining
for HLA-DR antigen was seen only on the
occasional leucocyte present in the adventitia.

Immunohistochemical staining of 11 biopsy
specimens with the histological features of
giant cell arteritis showed expression of LFA-1
by all mononuclear cells present in the arterial
lesions (fig 2). HLA-DR and ICAM- 1 showed a
similar pattern of immunoreactivity on mono-
nuclear cells, with strong expression on all
macrophages and on a proportion of mor-
phologically identified lymphocytes, with a
prevalence similar to that previously reported
for HLA-DR."q HLA-DR and ICAM-1 were
also coexpressed on endothelial cells. Staining
of selected positive biopsy specimens with a
monoclonal antibody against CD 1 Ic (p150/
95), an adhesion-associated molecule expressed
by monocytic cells,20 showed that mononuclear
cells infiltrating between the smooth muscle
cells of the media were predominantly macro-
phages. These cells stained strongly for HLA-
DR and ICAM-1 and were also seen in close
proximity to the internal elastic lamina (fig 2).
In all cases offlorid giant cell arteritis there was
widespread and strong expression of ICAM-1
on the myofibroblasts of the intima (fig 2).
Moderate to strong expression of ICAM-1 was
shown by the smooth muscle cells of the media
adjacent to infiltrating macrophages and
granulomas (fig 2). Biopsy specimens withmore
focal changes of arteritis also showed a regional
expression of ICAM-1 on smooth muscle cells
adjacent to the granulomatous inflammatory
cells. There was no increased expression of
LFA-3 in these same areas of the media when
serial sections were examined. HLA-DR
showed a contrasting pattern of expression
within the intima and media when compared to
that for ICAM-1. No expression of HLA-DR
was seen on arterial smooth muscle cells nor
intimal fibroblasts, despite strong HLA-DR
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expression on inflammatory cells present in all
components of the arterial wall (fig 2).

Sectioning through a histologically defined
skip area showed regional expression of
ICAM-1 on the smooth muscle cells of the
media in the absence of a clinically important
mononuclear cell infiltrate (fig 3). Expression of
ICAM-1 within this region of the media
extended over a number of serial sections.
Smooth muscle cells showing reactivity for
ICAM- 1 showed no staining for HLA-DR nor
LFA-1 when serial sections were examined.
Macrophages, epithelioid cells, and multi-

nucleated giant cells comprising the
granulomas showed strong expression of LFA-
1 (fig 3). Both HLA-DR and ICAM-1 were also
strongly expressed by multinucleated giant
cells and epithelioid cells. HLA-DR, however,
showed both diffuse cytoplasmic andmembrane
staining, ICAM- 1 was intensely expressed at
the surface membrane with only weak
intracellular staining. Granulomas also showed
increased expression of LFA-3 compared with
the basal level seen on cells of the intima and
media. LFA-3 showed a similar pattern of
expression on granulomas compared with that
seen with ICAM-1.

Discussion
The ICAM-1/LFA-1 interaction plays an

important part in facilitating conjugate forma-
tion between cytotoxic T cells and target
cells."l 2122 Similarly, cell to cell contact
between macrophages and target cells is neces-
sary before the macrophage cytotoxic effector
response can be activated.23 LFA- 1, expressed
by monocytes, is important in mediating the
adhesion of monocytes to target cells.24 While
the aetiology of giant cell arteritis remains

unclear, several workers have suggested that
the disease results from an autoimmune
reaction involving arterial elastic tissue.25
Ultrastructural studies have shown that
smooth muscle cells of the media act as targets
for macrophages in the ensuing immune
attack.526 Smooth muscle cells in the lesions of
giant cell arteritis show ultrastructural features
of cytolytic damage.526 It was suggested that
antibody dependent, cell mediated cytotoxicity
may be responsible for this injury to smooth
muscle cells.5 Alternatively, smooth muscle
cells may act as primary targets by expressing a

foreign antigen recognised by cytotoxic T cells.
In this study we have shown that ICAM-1
expression is induced on smooth muscle cells
adjacent to granulomas and macrophages seen

infiltrating within the media (fig 2). Induction of
ICAM-1 on smooth muscle cells of the media
may facilitate cytolytic damage to this com-

ponent of the arterial wall by mediating
adhesion of macrophages and cytotoxic T cells,
both of which express LFA- 1, to adjacent
smooth muscle cells.
Lymphocytes, macrophages, epithelioid

cells and multinucleated giant cells, which
comprise the granulomatous response of giant
cell arteritis, have previously been shown to
express high concentrations of HLA-DR.2'
These studies may suggest that a primary event
in the immunopathogenesis of giant cell
arteritis is antigen specific activation ofT cells
by macrophages or other functional antigen
presenting cells located within the vascular
lesion. The LFA-1/ICAM-1 and CD2/LFA-3
adhesion pathways are crucial in facilitating
antigen specific interactions between lympho-
cytes and antigen presenting cells.927 8 When
we examined epithelioid cells and multi-
nucleated giant cells for the expression of

Figure I Distribution of
ICAM-1 (A) and LFA-3
(B) expression in a
temporal artery biopsy
specimen showing mild
atherosclerotic
degeneration but no
evidence of arteritis. In
contrast to the widespread
expression ofLFA-3,
ICAM-1 expression is
restricted to the
endothelium.
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Figure 2 Serial sections through a temporal artery biopsy specimen showing giant cell
arteritis and stainedfor ICAM-1 expression (A), HLA-DR (B), the a, chain of LFA-
1 (CD1 la) (C), ICAM-1 shows a widespread expression which includes cells
comprising the granulomatous infiltrate,fibroblasts of the intima, and smooth muscle cells
of the media adjacent to granulomas and macrophages. HLA-DR stains granulomas and
inflammatory cells but is not expressed on the intima and media. LFA-1 is expressed on
all inflammatory cells.

adhesion molecules in giant cell arteritis,
intense expression of ICAM-1 and LFA-3 was
found at the surface of these cells. In contrast,
HLA-DR showed both a diffuse cytoplasmic
distribution as well as expression at the surface
membrane. The strong expression of ICAM-1
at the surface of epithelioid cells and multinu-
cleated giant cells, when compared with HLA-
DR, indicates a preferential pattern of ICAM-
1 distribution within these cells and suggests
that cells comprising the granuloma of giant
cell arteritis are in a functionally activated state.
Expression ofadhesion molecules by these cells
would facilitate the cell conjugate interactions
with T lymphocytes necessary for receptor
mediated T cell proliferation.29

In all the cases ofgiant cell arteritis examined
we found a preferential induction of ICAM-1
with no evidence of HLA-DR expression on
myofibroblasts of the intima and vascular
smooth muscle cells. Evidence that ICAM-1
expression is modulated by cytokines in a
different manner to that of HLA-DR has been
shown for several tissues.303' Other workers
have also been unable to show HLA-DR
expression on smooth muscle cells in giant cell
arteritis.4 These findings contrast with the
observations that vascular smooth muscle cells
express HLA class II antigens in athero-
sclerotic plaques32 and that cytokines such as
IFN-y induce HLA-DR expression on arterial
smooth muscle cells in vitro.33 Analysis of the
types of cytokines produced in the vascular
lesions may explain these observations as
HLA-DR shows variable patterns of expres-
sion in response to different cytokines.33

Locally elaborated cytokines are responsible
for the formation and development of the
granulomatous response.'9 Recently adhesion
molecules such as LFA- 1, and to a lesser extent
ICAM-1, have also been shown in vitro to
mediate the formation of multinucleated giant
cells.34 These authors showed that fusion of
monocytes in response to IFN-y could be
inhibited by monoclonal antibodies directed
against the a or # chains of LFA- 1, with some
inhibitory effect also shown by a monoclonal
antibody against ICAM-1. Cytokines such as
IFN-y or IL-1, in addition to contributing to
the development of granulomas,'9 are also
probably responsible for inducing ICAM-1
expression on components of the arterial wall
adjacent to the granulomatous infiltrate.
Studies on a variety of different tissues have
shown a close temporospatial relation between
induction of ICAM-1 expression and the
degree of leucocyte infiltration within those
tissues.3' 13' This implies an important role for
the LFA-1/ICAM-1 interaction in leucocyte
trafficking at sites of inflammation. The
demonstration that within a skip area ICAM-1
was expressed on regions of the media suggests
that expression of ICAM-1 on the smooth
muscle cells of the media may precede heavy
leucocyte infiltration into those regions of the
media. As biopsy confined to "skip areas" and
routine staining can result in false negative
diagnosis38 the detection of ICAM-1 expres-
sion within regions of the media may improve
the sensitivity of detecting early arteritis. Our
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Figure 3 Sectioning through a skip areafrom a case ofgiant cell arteritis shows
expression of ICAM-1 by smooth muscle cells in regions of the media. There is minimal
inflammatory cell infiltrate into these areas of the arterial wall.

finding of strongly induced ICAM- 1, as well as

LFA-1, on the surface of cells which comprise
the granulomas of giant cell arteritis suggests

that these adhesion molecules are important in
the formation of multinucleated giant cells seen
in this disease. Together with HLA-DR
expression, these molecules can then enable
multinucleated giant cells, as well as epithelioid
cells and macrophages, to function as highly
efficient antigen presenting cells.
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