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1. Why search for new therapeutic 
targets in giant-cell arteritis?

Giant-cell arteritis (GCA), a granulo-
matous arteritis of the elderly has been 
considered the paradigm of a glucocor-
ticosteroid sensitive disease (1, 2). Re-
sponse to treatment is often spectacu-
lar within hours or days and, based on 
this observation, quick and complete 
disappearance of symptoms has been 
considered a requirement to admit the 
diagnosis of GCA when histological 
confi rmation is not available (3, 4). 
Why, then, is there a need for alterna-
tive or adjuvant therapies in GCA? In 
spite of the initial response to gluco-
corticoids experienced by the majority 
of patients, the management of GCA 
still faces a number of unresolved chal-
lenges (2):
1) Visual impairment, commonly due 

to anterior ischemic optic neuritis, 
still occurs in 15-20% of patients 
in recent series (5-7). When visual 
loss is established, prompt gluco-
corticosteroid treatment is only fol-
lowed by objective improvement in 
the visual fi eld in 4% of involved 
eyes (8, 9). In 10-17% of patients 
who present with visual symptoms, 
vision continues to deteriorate dur-
ing the fi rst 1-2 weeks after the ini-
tiation of glucocorticosteroid treat-
ment (10-11).

2) In spite of an apparent response to 
glucocorticosteroids, signifi cant aor-
tic dilatation or aneurysm develops 
in 22.5% of patients after a median 
follow-up of 5.4 years (12). An un-
determined percentage of patients, 
ranging between 5-15% in retro-
spective series develop large ves-
sel stenosis and limb claudication 
during follow-up (13, 14). Whether 

this complication is entirely related 
to GCA or is also due to atheroscle-
rotic changes has not been clearly 
elucidated.

3) While inducing remission with 
high glucocorticoid doses is easily 
achieved by the majority of patients, 
remission maintenance is more 
problematic and long-term response 
to treatment is quite heterogeneous. 
Approximately 10-15% of patients 
cannot reduce corticosteroids below 
10-15 mg/day without experiencing 
disease fl ares or smouldering activ-
ity (15). About 40-60%, even being 
able to taper corticosteroids to phys-
iologic or near to physiologic levels 
cannot tolerate complete withdrawal 
after 2-3 years (16-18). Corticoster-
oid-related adverse events cumulate 
over the years and about 86% of pa-
tients experience at least one side ef-
fect over a median follow-up period 
of 10 years (16). It is then clear that 
current therapy is not suffi cient to 
abrogate disease activity and its con-
sequences in a substantial proportion 
of patients. 

Over the past 15 years and based on 
the progress made in understanding the 
pathogenesis of chronic infl ammatory 
disorders, a new generation of treat-
ments has emerged. Biologic therapies 
are aimed to target specifi c mediators 
who are thought to play a role in dis-
ease pathogenesis or disease chronic-
ity. Search for therapeutic targets re-
quires, then, a better understanding of 
the pathogenic mechanisms involved 
in GCA. In this review we discuss po-
tential points of intervention based on 
the pathogenesis model for giant-cell 
arteritis assembled over the past recent 
years (19, 20). 
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2. Targeting key events in the patho-
genesis of giant-cell arteritis

2.1 Early events
Interfering with early events before 
irreversible damage or excessive vas-
cular remodelling occurs would be a 
major achievement in the treatment of 
GCA (Fig. 1). However, even if early 
intervention was possible, identifying 
GCA at this point may not be feasible 
since, unfortunately, patients usually 
seek medical attention when lesions are 
fully developed. Identifying and inter-
vening in the early steps in the develop-
ment of the disease would be particu-
larly useful for the subset of patients 
followed and treated for polymyalgia 
rheumatica (PMR) who may eventually 
develop GCA (21).

2.1.1 Triggering agents
It is currently believed that GCA occurs 
as a consequence of an antigen-specifi c 
immune response against still unidenti-
fi ed antigens present in the artery wall 
(19, 20, 22). This hypothesis is support-
ed by several experimental data includ-
ing detection of activated dendritic cells 
(22, 23), oligoclonal expansion of CD4 
positive T cells in lesions (24), and dis-
ruption of infl ammatory infi ltrates in 
temporal arteries engrafted onto mice 
with severe combined immunodefi cien-
cy (SCID) by anti-dendritic cell mono-
clonal antibodies (23). Since latent vi-
ruses and other intracellular pathogens 
may lead to large vessel vasculitis (25), 
several investigators have searched for 
pathogens including human herpes vi-
rus, B19 parvovirus, and Chlamydia in 
GCA specimens (26-28). The examples 
of Helicobacter pylorii or Tropheryma 
whipplei illustrate how identifi cation of 
a causative pathogen may dramatically 
change and improve the treatment of 
chronic infl ammatory diseases. How-
ever, the search for infectious agents in 
GCA has been unsuccessful, leading to 
inconsistent results (26-28).

2.1.2 Dendritic cell activation
As in other chronic infl ammatory dis-
eases, innate immunity may also play 
a role in modulating disease severity 
or disease recurrence. It has been dem-
onstrated that there is a population of 
resident immature dendritic cells in 

the adventitia of normal arteries which 
need to be activated to become mature 
antigen presenting cells (23). Vascular 
resident dendritic cells bear Toll-like 
receptors (TLRs) in vessels involved 
by GCA, particularly TLR2 and TLR4 
(23). It has been shown that stimulating 
TLR4 with LPS may result in induc-
tion of a mature phenotype in temporal 
artery dendritic cells as exemplifi ed by 
expression of CD86, as well as induc-
tion of chemokines and chemokine re-
ceptors able to retain dendritic cells in 
lesions and chemoattract lymphocytes 
(23, 29). Activation of dendritic cells 
seems, then, to be a very initial pre-req-
uisite for subsequent antigen presenta-
tion and triggering of an antigen-spe-
cifi c adaptive immune response. TLR4 
may also have endogenous ligands. In 
this regard, it has been recently demon-
strated that MRP8 (S100A8), a protein 
released by early infi ltrating phago-
cytes and down-regulated in tissue 
macrophages, may function as a TLR4 
ligand (30). MRP8 is expressed by leu-
kocytes surrounding vasa vasorum and 
neovessels in GCA lesions, indicating 

their recent recruitment into lesions 
and suggesting that pro-infl ammatory 
functions of MRP8 may be relevant in 
early steps of vascular infl ammation 
(31). Supporting this concept, MRP8 is 
one of the genes up-regulated in spared 
temporal arteries from patients with 
GCA (32) and in temporal arteries from 
patients who will undergo a relapsing 
outcome (33). Interference with TLR4 
signalling is presently under investiga-
tion in the fi eld of sepsis and cardiovas-
cular disease (34, 35).

2.1.3 CD4+ T cell depletion
Infl ammatory infi ltrates in GCA are 
mainly composed of CD4+T cells and 
macrophages (20). Treating SCID mice 
bearing engrafted human temporal ar-
teries from patients with GCA with an-
tibodies directed against human T cells 
has been shown to decrease the pro-
duction of Th1 cytokines in engrafted 
arteries (36). Therapeutic depletion of 
lymphocytes with the humanised mon-
oclonal antibody alemtuzumab (anti-
CD52, CAMPATH-1H) has been used 
to treat renal allograft rejection (37) and 

Fig. 1.  Summary of early events in the pathogenesis of giant-cell arteritis (GCA) with potential points 
of intervention.
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systemic vasculitis including micro-
scopic poliangiitis and Wegener’s gran-
ulomatosis refractory to conventional 
therapies (38). CD52 is present in lym-
phocytes and macrophages but a major 
effect of alemtuzumab is T-cell deple-
tion, since recovery of CD4 T cells is 
usually delayed and incomplete. While 
this treatment has been complicated 
with severe infections it appears that it 
is able to induce much longer sustained 
remissions than standard immunosup-
pressive agents in patients with necro-
tising vasculitis (38). Lymphocyte de-
pletion may be an excessively aggres-
sive therapy for patients with GCA and 
the risk/benefi t balance of this approach 
may not be appropriate.

2.1.4 B-cell depletion
It has been considered that B cells do 
not have any role in the pathogenesis 
of GCA (20, 39). However, although 
B cells are scarce, they are not absent 
from GCA infl ammatory infi ltrates 
(22). Response of GCA to anti-CD20 
therapy with rituximab has been anec-
dotally reported (40). The putative role 
of B cells needs to be explored before 
B-cell depleting therapies are consid-
ered for patients with GCA. 

2.1.5 Interfering with T-cell 
co-stimulation
While B or T cell depletion have not 
been considered for the treatment of 
GCA, interfering with T cell co-stimu-
lation by antigen-presenting cells has 
drawn some interest. Abatacept, a fu-
sion protein consisting of an Ig Fc frag-
ment fused to the extracellular domain 
of CTLA effi ciently interferes with in-
teractions between CD80/86 molecules 
on antigen-presenting cells and co-stim-
ulatory CD28 molecule on the T-cell 
membrane. Abatacept intensifi es what 
is a natural counter-regulatory mecha-
nism and appears to have a good safety 
profi le. It has demonstrated effi cacy in 
several chronic infl ammatory diseases 
and is presently approved for the treat-
ment of rheumatoid arthritis resistant 
to TNF blockade (41, 42). Abatacept is 
currently being tested in clinical trials 
for Wegener’s granulomatosis, giant-
cell arteritis, and Takayasu’s disease 
(www.clinicaltrials.gov).

2.1.6 Hindering Th1 effector functions
It is currently assumed that GCA is a 
Th1 mediated disease. This concept is 
supported by the granulomatous nature 
of the disease suggesting a delayed-
type hypersensitivity reaction and by 
the prominent expression of Th1 cyto-
kines (IFNγ and IL-2), as opposed to 
the scarce presence of Th2 cytokines in 
lesions (43). Moreover, expression of 
IFNγ-induced products such as MHC 
class II molecules, chemokine receptor 
CCR2 and receptors for IFNγ-induced 
chemokines in GCA lesions, further 
supports this view (22, 33, 44). IFNγ
is a potent stimulator of macrophages, 
which have pivotal effector functions 
in GCA, and has been considered as a 
potential target (20). Interestingly, as-
pirin down-regulates IFNγ expression 
in human temporal arteries engrafted 
onto SCID mice (45). Unfortunately, 
the aspirin doses required to down-reg-
ulate IFNγ in this model may be unsafe 
for human use (45).
A neutralizing humanised monoclonal 
antibody against IFNγ, fontolizumab, 
has been tested in other diseases where 
IFNγ is thought to play a role. Block-
ing IFNγ has shown moderate effi cacy 
in Crohn’s disease but no clear effec-
tiveness in rheumatoid arthritis (46, 
47). In addition, two points deserve 
consideration. Knocking out IFNγ, 
IFNγ receptor, or IFNγ-related signal-
ling molecules results in severe forms 
of necrotising vasculitis in mice in-
fected with murine gamma herpes vi-
rus 68, indicating that, in this model, 
the granulomatous reaction or other 
functions induced by IFNγ might have 
a limiting effect on destructive, necro-
tising infl ammation (25). Although 
there is no proof of the participation 
of latent viruses or other infectious 
agents in the pathogenesis of GCA, 
these fi ndings deserve attention. Fur-
thermore, IFNγ defi cient mice develop 
more severe forms of aortic aneurysm 
induced by aortic allograft transplanta-
tion (48). As already mentioned, aortic 
aneurysm is a signifi cant complication 
of patients with GCA (12, 14). These 
observations indicate that a better 
knowledge of the role of IFNγ in GCA 
is needed before it can be considered a 
suitable target. 

2.2 Disrupting vessel wall 
infl ammation
Once triggering mechanisms have been 
unleashed, infl ammatory cells includ-
ing those specifi cally addressed to the 
offending trigger, as well as coopera-
tive bystanders, are actively recruited 
into the vessel wall. Chemokines, ad-
hesion molecules, and proteases are 
crucial in this process.

2.2.1 Chemokines and chemokine 
receptors
The infl ux of leukocytes, mainly CD4+

T lymphocytes and monocytes in GCA 
is achieved through the secretion of 
chemoattractants in vascular lesions. 
Several chemokines are known to 
be expressed in GCA. Expression of 
CCL19, and CCL21 chemokines by ac-
tivated dendritic cells may be a relevant 
autocrine/paracrine early step, retain-
ing CCR7 bearing dendritic cells in the 
artery wall, chemoattracting particular 
T lymphocyte subsets (49), and allow-
ing subsequent antigen presentation to 
T cells (29). Subsequent recruitment 
of Th1 lymphocytes and macrophages, 
the main infi ltrating cells in GCA, may 
be achieved through production of ad-
ditional chemokines. CCL2/MCP-1 
is produced not only by infl amma-
tory cells but also by vascular smooth 
muscle cells and is a key chemokine 
in vascular infl ammation (33) (Fig. 2).
CCL2 is a chemoattractant for Th1 
lymphocytes and monocytes, the major 
components of GCA lesions and may 
be relevant in the early development of 
GCA infl ammatory infi ltrates. Infi ltrat-
ing leukocytes express, indeed CCR2 
receptors, indicating their ability to be 
chemoattracted by CCL2 (33). Activat-
ed tissue macrophages strongly produce 
CCL2, which may amplify the recruit-
ment of additional monocytes in a posi-
tive feed-back loop (Fig. 2). Infi ltrating 
cells in GCA also express CCR5 and 
CXCR3, chemokine receptors confer-
ring responsiveness to CCL5/RANTES 
and to CXCL9 (MIG), CXCL10 (IP10), 
and CXCL11 (ITAC), respectively 
(44). Interestingly, CCR2 and chemok-
ine ligands of CXCR3, such as CXCL9, 
CXCL10, and CXCL11, are all induced 
by IFNγ (50). Therefore, the expression 
of these chemokines and receptors not 
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only suggests their participation in the 
recruitment of infl ammatory cells but 
is in accordance with the observed pro-
duction of IFNγ in lesions and supports 
the participation of Th1 mechanisms in 
GCA. 
CCL2/MCP1, the CCR2 ligand, is up-
regulated in relapsing, corticosteroid 
resistant patients with GCA and in-
creased CCL2/MCP-1 expression in 
lesions at diagnosis is associated with 
subsequent relapses and higher corti-
costeroid requirements (33).
Orally administered small molecules 
able to block chemokine receptors have 
been developed. This approach has been 
widely investigated in the human im-
munodefi ciency virus (HIV) fi eld, given 
that CCR5 is a co-receptor for HIV (51). 
Blocking chemokines and chemokine 
receptors in infl ammatory conditions 
faces the challenge of the remarkable 
redundancy and promiscuity existing 
among chemokine and chemokine recep-
tors. Compounds able to simultaneously 
blocking CCR2, CCR5, and CXCR3 
have been synthesized and might be 
useful to treat Th1-mediated chronic 
infl ammatory disases (52). Chemokine 
receptor antagonists are currently being 
tested in clinical trials for a variety of 
conditions (www. clinicaltrials.gov).

2.2.2 Leukocyte/endothelial cell 
adhesion molecules
Circulating leukocytes infi ltrate the ar-
tery wall through complex interactions 
with endothelial cells of adventitial 
vasa vasorum and infl ammation-in-
duced neovessels, and the underlying 
matrix. These interactions are medi-
ated by adhesion molecules. Among 
them, leukocyte integrins are pivotal in 
mediating fi rm adhesion to endothelial 
cells, transmigration, and progression 
through the basement membrane and 
underlying tissue (53, 54). 
α4 is the common α chain of integrins 
α4β1 (VLA4) and α4β7. It is mainly 
expressed by lymphocytes, eosinophils 
and monocytes and is crucial for leu-
kocyte infi ltration of tissues. VLA-4 
serves as a co-stimulatory molecule by 
interacting with VCAM-1 on antigen-
presenting cells and binds VCAM-1, 
induced on endothelial cells by pro-in-
fl ammatory cytokines (53-55). Through 

a different domain, VLA4 is also able 
to interact with the extracellular ma-
trix protein fi bronectin (53-55). In ac-
cord with its crucial role in leukocyte 
transmigration,VLA 4 is up-regulated 
in lymphocytes migrating into specifi c 
compartments (56, 57). Interestingly, 
VLA4 engagement by fi bronectin trig-
gers matrix metalloproteinase (MMP)-
2 and MMP9 production and release 
by lymphocytes favouring lymphocyte 
progression through the basement 
membrane and underlying matrix (58, 
59). 
VLA4 is strongly expressed by infi l-
trating lymphocytes in GCA lesions 
and co-localizes with VCAM-1 on 
endothelial cells from vasa vasorum
or infl ammation-induced neovessels, 
suggesting that this interaction may be 
relevant to the development of vascular 
infl ammation in GCA (60). Moreover, 
VLA4 co-localizes with MMP2 and 
MMP9 expression and enzymatic ac-
tivity, suggesting that VLA-4 blocking 
may also limit vessel wall destruction 
(61). Blocking α4 might then act at 
several levels in GCA immunopatho-
genesis. Neutralizing α4 integrin with 
monoclonal antibodies reduces, indeed, 
severity in animal models of chronic in-
fl ammatory diseases including arthritis 
and experimental allergic encephalitis 
(57). Natalizumab a humanized neu-
tralizing monoclonal antibody anti-hu-
man α4 has demonstrated a remarkable 
effi cacy in Crohn’s disease and multi-
ple sclerosis (62, 63). Small inhibitory 

molecules are also being developed to 
block α4-mediated interactions (64). 
The report of some cases of progres-
sive multifocal encephalopathy (PML) 
in patients treated with natalizumab and 
interferon alpha has lead to restrictions 
in its use (65). Until the risk of natali-
zumab in increasing the frequency of 
PML is better clarifi ed, trials with this 
agent may be considered excessively 
aggressive for patients with GCA. 

2.2.3. Interfering with proinfl ammatory 
cascades
i. Blocking pro-infl ammatory cytokines
A variety of pro-infl ammatory cyto-
kines able to maintain and amplify 
infl ammatory cascades are abundantly 
produced by activated lymphocytes and 
macrophages in GCA. These include 
TNF-α, IL1β, and IL-6, among oth-
ers. These cytokines have potent local 
and systemic effects: they are powerful 
inducers of the acute phase response 
which is prominent in GCA and have 
profound effects on infl ammatory cells 
and on vascular wall components cre-
ating complex interactions and leading 
to multiple amplifi cation cascades (19, 
66) (Fig. 3). 
TNF-α is able to maintain infl ammatory 
pathways by promoting the expression 
of other pro-infl ammatory cytokines 
such as IL-1 and IL-6, by inducing or 
up-regulating endothelial adhesion 
molecules for leukocytes such as E-se-
lectin, ICAM-1 and VCAM-1, chem-
okines such as IL-8 and CCL2/MCP-1, 

Fig. 2. Temporal artery sections from a patient with giant-cell arteritis (GCA) displaying CCL2/MCP-1 
expression by vascular smooth muscle cells and by infi ltrating leukocytes, particularly at the granulo-
matous area. A subset of infi ltrating leukocytes expresses CCR2 receptors, suggesting that this and other 
chemokine/chemokine receptor interactions contribute to vascular infl ammation in GCA. Immunostain-
ing of temporal artery sections was performed as described in ref. 33.
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matrix metalloproteinases including 
MMP-1 and MMP-3, and angiogenic 
factors and receptors, including VEGF 
and Tie-1 (67). TNF is strongly ex-
pressed in GCA lesions and its expres-
sion correlates with the systemic in-
fl ammatory response and corticosteroid 
requirements (68) (Fig. 4). Serum TNF-
α concentration is increased in patients 

with strong acute phase reaction who 
are more resistant to treatment (69) and 
circulating TNF-α persists elevated in 
relapsing patients after long-term fol-
low up (70). Furthermore, blocking 
TNF has demonstrated effi cacy in a 
variety of granulomatous and chronic 
infl ammatory diseases (67) and a small 
open-label series suggests usefulness in 

resistant Takayasu’s arteritis, a disease 
sharing many features with GCA (71). 
While several case reports and small 
series of patients with refractory GCA 
responding to TNF blockade have been 
published, a recent randomized clini-
cal trial failed to demonstrate benefi t of 
infl iximab in maintaining remission in 
newly diagnosed patients with GCA (4). 
Although this trial does not completely 
preclude effi cacy in sparing glucocorti-
coids later in the course of the disease, 
it does indicate that blocking TNF-α
is not suffi cient to maintain remission 
achieved with high-dose glucocorti-
coids in full-blown GCA. Preliminary 
results from another recent trial sug-
gest that etanercept might have some 
usefulness in maintaining remission 
and sparing glucocorticoids in resistant 
GCA patients or in patients with corti-
costeroid-related side effects. Unfortu-
nately the number of patients included 
in this randomized trial was too small 
to draw solid conclusions (72).
IL-1 shares multiple pro-infl ammatory 
functions with TNF-α. It is also a co-
stimulatory cytokine produced by an-
tigen-presenting cells and participates 
in T cell activation. In addition it is 
strongly expressed in GCA lesions, par-
ticularly in patients with strong systemic 
infl ammatory response which are more 
refractory to treatment (68). Targeting 
IL-1 has been found to be effective in 
autoinfl ammatory syndromes, diseases 
caused by mutations in genes encoding 
proteins participating in innate immune 
responses (73). IL-1 receptor antagonist 
(IL-1ra)-defi cient mice spontaneously 
develop large vessel vasculitis (74) with 
immunopathologic features of a Th1-
mediated process (75). Currently, IL-1 
biologic activity can be neutralized by 
recombinant IL-1ra humanized mono-
clonal antibodies against IL-1β and with 
an IL-1 trap. At present, there is no ex-
perience with IL-1 blockade in GCA.
IL-6 is remarkably produced in GCA 
lesions and is characteristically elevat-
ed in serum form patients with GCA 
(69, 70, 76). IL-6 serum concentration 
is more elevated in patients with strong 
systemic infl ammatory response who 
are more resistant to treatment and per-
sists elevated in relapsing patients after 
long-term follow-up (69, 70). IL-6 is 

Fig. 3. Diagram disclosing amplifi cation cascades thought to contribute to vascular infl ammation in 
giant-cell arteritis with potential therapeutic targets.

Fig. 4. TNF-α expression is remarkable in giant-cell arteritis, particularly at the granulomatous area, 
but TNF-α blockade is not suffi cient to abrogate disease activity in newly diagnosed patients. Immuno-
staining of temporal artery sections was performed as described in ref. 67.
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a powerful inducer of the systemic in-
fl ammatory response. It also contributes 
to the anemia of chronic disease type by 
enhancing the hepatic synthesis of hep-
cidin. IL-6 is a multifunctional cytokine 
and has additional immunomodulatory 
effects which may be relevant in the 
pathogenesis of chronic infl ammatory 
diseases, including B cell activation and 
induction of Th17 functional differen-
tiation which is a relevant pro-infl am-
matory pathway promoting autoimmu-
nity (77). Although the participation of 
B cells and Th17 mechanisms have not 
been explored in GCA, IL-6 has been 
considered a potential target in GCA, 
based on its systemic effects (20). 
Blocking IL-6 membrane bound and 
soluble receptors with tocilizumab has 
shown effi cacy in diseases where IL-
6 is thought to play a pathogenic role 
such as Castleman disease, rheumatoid 
arthritis and systemic-onset juvenile ar-
thritis (77). Interestingly, a recent case 
report describes improvement in a pa-
tient with Takayasu’s disease treated 
with tocilizumab (78). However, several 
points deserve consideration. Although 
IL-6 is known to be produced in GCA, 
the expression of its soluble receptor, 
which mediates biologic effects in the 
majority of cells, has not been explored 
in GCA. Moreover, IL-6 may have a 
physiologic role in the normal homeos-
tasis of the vascular system since it is 
substantially expressed in normal tem-
poral arteries (68, 79). Furthermore, IL-
6 mRNA and protein expression in le-
sions as well as IL-6 serum concentra-
tions are negatively associated with the 
development of GCA-related cranial 
ischemic complications (80). Although 
these observations do not defi nitively 
demonstrate that IL-6 has a protective 
function against vascular occlusion, 
they do suggest caution in blocking IL-
6 activity at least in the early treatment 
of the disease.

ii. Angiogenesis modulation
Angiogenesis results from a delicate 
balance between angiogenesis stimula-
tors and angiogenesis inhibitors. Neo-
vascularization is a remarkable fi nding 
in GCA lesions (81, 82) and various 
angiogenic (i.e.,VEGF, FGF-2, IL-6, 
IL-8, CCL-2, PDGF, angiogenin) and 

anti-angiogenic factors (i.e., IFNγ, IP-
10) have been demonstrated to be ex-
pressed in GCA (20, 33, 66, 79, 83, 84). 
Angiogenesis is prominent in many 
chronic infl ammatory diseases and has 
relevant pro-infl ammatory functions 
(66). Neovessels intensively express 
adhesion molecules for leukocytes 
providing new sites through which ad-
ditional leukocytes may be recruited 
into the infl amed tissues. Moreover, 
newly formed vessels provide a wide 
activated endothelial surface, source of 
cytokines, chemokines and growth fac-
tors able to amplify and perpetuate the 
infl ammatory process (66). Angiogen-
esis inhibitors indeed have ameliorated 
disease in animal models of chronic 
rheumatoid arthritis and other chronic 
infl ammatory diseases (85). Effi cient 
therapies for chronic arthritis such as 
infl iximab include, among their effects, 
angiogenesis inhibition (86).
Several strategies addressed to inhibit 
angiogenesis have been developed, 
many of them aimed to neutralize 
VEGF biologic activity. These include 
a humanized anti-VEGF (cetuximab) a 
VEGF trap (afl ibercept) and inhibitors 
of the tyrosine kinase activity of VEGF 
receptor (semaxanib). These are cur-
rently in clinical trials, mainly in the 
oncology fi eld (www.clinicaltrials.gov). 
Targeting angiogenesis in GCA requires 
a better understanding of the functional 
relevance of the factors known to be ex-
pressed in lesions. Moreover, vasculitis 
are unique among chronic infl amma-
tory diseases given that the infl amma-
tory process leads eventually to blood 
vessel occlusion and angiogenesis may 
compensate for ischemia.  In GCA, an 
intense angiogenic response in lesions 
and angiogenic activity in serum is asso-
ciated with lower frequency of disease-
related cranial ischemic complications 
(81). Although GCA is considered a 
large and medium size vessel vasculitis, 
small cranial vessels and small arteries 
supplying the optic nerve are frequently 
involved and neovascularisation may 
compensate for ischemia at distal sites 
(88, 89). Supporting this concept, cer-
tain polymorphisms at the VEGF gene 
are associated with higher frequency of 
disease-related ischemic complications. 
(89) Targeting angiogenesis may then 

be harmful, at least in certain patients 
or at certain disease stages. A better un-
derstanding of the role of angiogenesis 
in GCA is needed before angiogenesis 
inhibition or promotion is considered as 
a therapeutic target.

3. Avoiding vascular destruction
Infl ammatory infi ltration of the vessel 
wall disrupts its normal architecture 
(Fig. 5). In GCA, the internal elastic 
lamina appears typically fragmented. 
Disruption of elastic fi bers in the aortic 
wall may lead over time to the develop-
ment of aortic dilatation or aneurysm 
with the potential of severe complica-
tions (90). Several enzymes with elasti-
nolytic capability are expressed in GCA 
lesions. These include MMP9, MMP2, 
and MMP12 (91, 92). All these are 
present in their active form and are in-
tensively expressed around the internal 
elastic lamina where enzymatic activity 
is also maximal (91, 92). In addition to 
their destructive potential, MMPs have a 
complex role in infl ammation. They pro-
mote infl ammation, by allowing the pro-
gression of infl ammatory cells through 
the artery wall (61, 91, 93). MMPs also 
regulate the infl ammatory process by 
activating cytokines and chemokines 
by proteolytic cleavage and by expos-
ing bioactive cryptic sites in large extra-
cellular matrix proteins and these may 
include some anti-infl ammatory func-
tions (93). Illustrating this point, mice 
defi cient in MMP2 develop more severe 
forms of collagen induced arthritis and 
EAE (Experimental Allergic Encephali-
tis), underlining the intricacy of MMP 
functions in infl ammatory diseases (94). 
Adding complexity, MMP may have a 
dual function in vascular remodelling: 
by disrupting IEL they may promote my-
ointimal cell migration but, at the same 
time, increased MMP expression and 
activity may prevent excessive matrix 
deposition and lumen occlusion (95). 
The therapeutic use of MMP inhibitors 
(i.e., marimastat) has been addressed 
in oncology although results are less 
impressive than initially expected (93). 
They are currently being tested as part 
of combined therapies (www.clinicaltri-
als.gov). Given the complex functions 
of MMPs, their role in GCA needs to be 
investigated in more depth before MMP 
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inhibitors are considered as therapeutic 
tools to limit vascular wall destruction 
in GCA. The effects of commonly used 
drugs which include, among other ef-
fects, some MMP inhibition such as 
statins or doxycycline are currently be-
ing tested in the medical management of 
small abdominal aneurysms complicat-
ing other conditions (96, 97). Interest-

ingly, in a recent study, the development 
of aortic aneurysm in the long-term fol-
low-up of GCA was signifi cantly less 
frequent in patients receiving statins for 
hypercholesterolemia (12).

4. Limiting vascular occlusion
Intimal hyperplasia is the result of in-
fl ammation-induced vessel remodelling 

and the main mechanism leading to 
vascular occlusion and ischemic compli-
cations in GCA (19, 20, 84) (Fig. 5C).
During active disease, occlusive phe-
nomena are more frequent in cranial 
arteries but may also occur in the aortic 
branches leading to limb claudication 
(13, 14). Occasionally, stenosis of oth-
er vascular beds may lead to coronary 
events or mesenteric ischemia (98).
Upon injury, vascular smooth muscle 
cells evolve from their quiescent con-
tractile status and acquire a myointimal 
phenotype resulting in proliferation, mi-
gration towards the lumen and produc-
tion of matrix proteins. Several mesen-
chymal growth factors able to stimulate 
proliferation of myointimal cells are 
known to be expressed in temporal ar-
tery biopsies from patients with GCA. 
These include PDGF, IL-1β, FGF-2, 
EGF among others (33, 43, 83, 84). 
Among them, PDGF is the most active 
in stimulating proliferation and migra-
tion of temporal artery derived myointi-
mal cells. PDGF increases the produc-
tion of matrix proteins and also pro-in-
fl ammatory and angiogenic molecules 
such as CCL-2, and angiogenin (84). 
These effects of PDGF are abrogated 
by the tyrosine kinase inhibitor imatinib 
mesylate which is also able to reduce, 
but not abrogate, myointimal cell out-
growth from cultured human temporal 
artery explants from patients with GCA 
(84). This observation is important since 
a certain extent of intimal hyperplasia 
may be necessary to reinforce an injured 
vascular wall in order to prevent dilata-
tion and rupture. Imatinib mesylate has a 
favourable safety profi le (99) and might 
be considered to limit vascular stenosis 
in patients with large vessel vasculitis.

5. Concluding remarks
A wide array of potential new therapies 
is emerging as the understanding of 
the molecular mechanisms involved in 
chronic infl ammatory diseases makes 
progress. New therapies aimed to target 
specifi c mechanisms are appealing but 
it must be kept in mind that our current 
understanding of the pathogenic mech-
anisms involved in GCA relies mainly 
on observational studies with low level 
of experimental evidence. Current ex 
vivo models (engrafting onto SCID 

Fig. 5. Mechanisms of vascular destruction and remodelling in giant-cell arteritis and potential ther-
apeutic intervention. A) Disruption of the internal elastic lamina, as evidenced by orcein staining.
B) Aortic aneurysm as a delayed consequence of vascular destruction. C) Subclavian stenosis (arrow).

Fig. 6. Different challenges in the outcome of patients with GCA that may need to be specifi cally    
addressed with targeted therapies.

colore
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mice or culture of arterial explants)  
(45, 79, 100) are useful tools to evalu-
ate molecular changes after therapeutic 
manipulation but the lack of true ani-
mal models prevents the assessment of 
the impact of therapeutic intervention 
on disease outcome beyond analysis of 
biomarker modifi cation. The validity 
of the proposed therapeutic targets can 
only be confi rmed with clinical trials, 
underlining the need of multicenter and 
international collaboration.
It is also important to note that the un-
resolved challenges that GCA poses to 
affected individuals are heterogeneous: 
some patients suffer from the conse-
quences of vascular occlusion, other 
patients are mainly affl icted by exces-
sive vascular destruction leading to 
aneurysm or dissection, and in other 
patients quality of life is impaired by 
systemic smouldering activity (anemia, 
malaise, low grade fever, anorexia), re-
current polymyalgia rheumatica or ia-
trogenic complications (Fig. 6). These 
disease consequences may need to be 
approached differently, indicating that 
tailored or combined therapies address-
ing specifi c points may need to be con-
sidered. Finally, although all the many 
potential points of intervention must be 
considered, it must not be forgotten that 
a non-negligible proportion of patients 
do reasonably well with glucocorticoid 
therapy (1, 101-103). This fact raises 
concerns about indiscriminately subject-
ing newly diagnosed patients with GCA 
to potentially harmful new agents. 
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