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Introduction

Over recent years considerable advances into the immuno-
logical and genetic pathogenesis of large vessel vasculitis 
(LVV) have been made. This has paved the way to under-
standing the natural history of the disease, identifying novel 
biomarkers for the diagnosis and prognosis of disease pro-
gress and personalisation of immunomodulatory treatments 
for inducing and maintaining remission of the disease. 
However, the aetiology and pathogenesis of LVV remains 
poorly understood and still many controversies exist 
regarding the pathological identities of LVVs, namely 
Takayasu’s arteritis (TA) and giant cell arteritis (GCA) 
(Figure 1). Despite commonality in the immunopathogen-
esis of inflammation of the aortic wall, each condition pre-
sents significantly different clinical features. In this review 
we will discuss the histological, genetic, and immuno-
pathological characteristics of these conditions in an 
attempt to clarify this issue as well as summarise recent 
advances and current controversies. The main features of 
both conditions are summarised in Table 1.

Disease classification

TA, although first identified in 1908 by the Japanese ophthal-
mologist Mikito Takayasu who described a ‘case of peculiar 
changes in the central retinal vessels’, significance in terms 
of large vessel pathology was not fully comprehended until 
1940, when the ophthalmic lesions were associated with 

panarteritis of the aorta at autopsy.1 In contrast, GCA is a 
relatively new definition in terms of classification and diag-
nosis. Owing to its comorbidity with polymyalgia rheumat-
ica, GCA is now classified as a distinct inflammatory 
condition and is the most common primary vasculitis in 
adults.

Epidemiology

TA is a rare disease affecting primarily young Asian women, 
with a female to male ratio of 8–9:1 in Japan.2 Estimates 
from western countries have shown incidences of 0.4–2.6 
per million population.3–6 Evidence for a genetic basis was 
provided by the observation that the vast majority of TA 
cases originate from Japan, with a reported 100 times 
higher incidence in Eastern Asia compared to Europe and 
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the United States, and with a peak age of onset at 15–30 
years of age.7,8

The true incidence of GCA is unknown, with incidences 
ranging from 0.49 to 27.3 per 100,000 in the USA.9 An 
incidence of 17.8 per 100,000 has been reported in 

individuals over 50 years of age.10 The main difference in 
presentation between the two conditions is the age of dis-
ease onset, with GCA rarely occurring before age 5011 and 
having a peak incidence at 60–80 years of age.12 
Geographical variation is opposite to TA in that it is more 

Figure 1.  Chapel Hill Consensus Conference Nomenclature of Vasculitides, which displays they distribution of vessel involvement 
by large vessel vasculitis, medium vessel vasculitis, and small vessel vasculitis. Reproduced with kind permission from John Wiley & 
Sons.33

ANCA, antineutrophil cytoplasmic antibody; GBM, glomerular basement membrane.

Table 1.  A comparison of the significant characteristics of Takayasu’s arteritis and giant cell arteritis.

Takayasu’s arteritis Giant cell arteritis

Peak age of onset, years 15–30 60–80
Female:male ratio 9:1 3:1
Racial predisposition Eastern Asia (Japan) Caucasian (northern Europe)
Common presentation Symptoms of aortic branch occlusion Headache

Visual impairment
Aorta affected, % 100% 40%
Common histological  
appearance

•• Excessive adventitial fibrosis
•• Well circumscribed intimal  

fibrocellular hyperplasia
•• Increased vessel wall thickness

•• Prominent inflammation of inner media and 
intima

•• Fragmentation of internal elastic laminar
•• Focal aortic wall inflammation with ‘skip lesions’

Common genetic 
association

HLA-B52
Non HLA (IL12B region)

HLA-DR4

Immunopathological 
features

•• Activation of adventitial dendritic cells
•• Recruitment and activation of CD4 T-lymphocytes
•• Macrophage activation with giant cell formation and release of pro-inflammatory cytokines
•• Neovascularisation and intimal hyperplasia

Aetiological trigger Unknown: maybe infective agent or autoantigen

HLA, human leukocyte antigen; IL, interleukin.
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common in northern Europeans.13 Although both TA and 
GCA display a strong predilection for women,14 GCA is 
usually diagnosed just before or after the menopause as 
opposed to TA where patients are of child bearing age.15

Histopathology of Takayasu’s 
arteritis (TA) and giant cell 
arteritis (GCA)

TA and GCA are characterised by a chronic granulomatous 
inflammatory reaction of large vessels.16 However, there 
are also histological differences in each condition. In TA, 
the characteristic feature is the strong fibrotic reaction seen 
in the aortic adventitia, which is in excess of that seen in 
any other aortitis.17,18 Microscopically, active TA can be 
divided into an acute inflammatory phase and a chronic 
fibrotic phase. In the acute phase, an inflammatory infil-
trate consisting of lymphocytes and plasma cells is primar-
ily seen around the vasa vasorum within the adventitia, and 
is later infiltrated with multinucleated giant cells. Chronic 
inflammation results in progressive fibrosis and thickening 
of the adventitia and intima, resulting in increased vessel 
wall thickness and plaque formation.19 When large or cir-
cumferential, these plaques cause narrowing of the aortic 
lumen in a ‘skip’ pattern with interspersed areas of healthy 
aorta in a pattern that is characteristic of TA.

By contrast, GCA is characterised by more prominent 
inflammation of the inner media and intima, with the adven-
titia being less commonly affected.16 These acellular areas 
act as a focus of calcification, which in turn trigger a ‘foreign 
body-like’ inflammatory reaction in which granulomas form 
around areas of atrophic calcified medial tissue.20,21

Genetic associations in TA and GCA

A large international multicentre seminal study published 
in 2013 which genotyped ∼200,000 genetic variants in 
two ethnically divergent TA cohorts from Turkey and 
North America (n = 451) identified two independent sus-
ceptibility loci within the human leukocyte antigen (HLA) 
region HLA-B/MICA and HLA-DQB1/HLA-DRB1, as 
well as a genetic association between IL12B and TA.22 
More recent genome-wide association studies (GWAS) 
have also identified associations between TA and several 
non-HLA regions. Interestingly, the allele identified has 
implications in terms of disease burden.23 Kasuya et al.24 
and Sahin et  al.25 have both published findings that the 
severity of disease is worse in those with HLA-B*52. In 
contrast, Kitamura et  al.26 published the results of 85 
patients with TA identified with HLA-B39 (B*3901 and 
B*3902) alleles who had significantly increased frequency 
of renal artery stenosis. Conversely, small prospective 
cohort studies have found several HLA-B alleles (B*6701, 
B*5201, and B*4006) to be protective from TA, but have 
not reached the threshold for genome-wide significance 
and require further clarification.27

Besides inflammation being a key histopathological 
feature, substantial evidence supports the hypothesis that 
GCA is an autoantigen-driven disease. Genetic studies 
have demonstrated that GCA is associated with the major 

histocompatibility complex (MHC) class II molecule 
HLA-DRb1*04.28–30 Interestingly, small studies have 
described associations with gene polymorphisms for inter-
cellular adhesion molecule (ICAM)-1, CCL5 (RANTES, 
regulated upon activation, normal T-cell expressed, and 
presumably secreted), and interleukin (IL) 1 receptor.31

Shared immunopathogenesis of TA 
and GCA

One of the strongest arguments for TA and GCA sharing the 
same pathological process arises from the similarities in the 
inflammatory infiltrate present in the aortic wall (Figures 2 
and 3).

Innate immunity in large vessel vasculitis (LVV)

As both the media and intima are avascular, the site of pri-
mary injury is thought to be the vasa vasorum within the 
adventitia. In LVV, dendritic cells are activated by Toll-like 
receptors (TLR) via an unknown trigger. Weyland et al.32 
demonstrated the crucial role of dendritic cells (DCs) in 
LVV using a mouse model of GCA in which temporal 
artery biopsies from GCA patients were grafted into mice 
with severe combined immunodeficiency (SCID). Using 
this model, the presence of anti-DC antibodies were seen to 
protect against the development of inflammation.33 Unlike 
in physiological immune response, vascular wall DCs in 
GCA fail to migrate to the local lymph node, where they 
produce the chemokines CCL19 and CCL21 while simulta-
neously expressing their ligand CCR7, resulting in them 
becoming trapped in the arterial wall where they trigger 
local immunity.34 Trapped DCs become activated and 
recruit CD4+ T-cells via the differential expression of 
TLRs, which can dictate the localisation and extension of 
the inflammatory response. Specifically, TLR4 ligands trig-
ger the recruitment of CD4+ T-cells that infiltrate all layers 
of the arterial wall inducing a transmural panarteritis, 
whereas TLR5 ligands trigger an adventitial perivascular 
infiltrate; therefore, TA and GCA are associated with spe-
cific TLRs.35,36

Interestingly, DCs have also been implicated in control-
ling which vessels are affected in LVV as different arteries 
are known to express different combinations of TLRs 1–9. 
Pryshchep et al.36 showed that this differential expression 
results in vessel-specific T-cell activation profiles and con-
cluded that this may account for the variable involvement 
of arteries by different inflammatory vasculopathies. Once 
activated, mature DCs express CCL20, which binds to its 
ligand CCR6 on the surface of circulating CD4+ T-cells, 
resulting in their recruitment. DCs then trigger the adaptive 
immune response by presenting an as yet unknown antigen 
to CD4+ T-cells within the arterial wall.

Finally, neutrophils appear to play a role in the patho-
genesis of LVV but this role is poorly understood and has 
rarely been studied. A role for neutrophils is suggested by 
the high levels of circulating IL17 in LVV, which is 
known to mobilise neutrophils from bone marrow as well 
as trigger their activation and recruitment to perivascular 
tissue.37
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Figure 2.  Summary representation of immunopathogenic mechanisms involved in vascular inflammation and remodelling in giant 
cell arteritis. Reproduced with kind permission from OMICS International.99

DC, dendritic cells; ICAM, intercellular adhesion molecule; IFNγ, interferon gamma; IL, interleukin; MHC, major histocompatibility complex; MMP, 
matrix metalloproteinase; PDGF, platelet-derived growth factor; ROS, reactive oxygen species; TCR, T-cell receptor; TGFβ, tumour necrosis fac-
tor beta; Th, T-helper cell; TLM, tissue-like memory; TNFα, tumour necrosis factor alpha; VCAM, vascular cell adhesion molecule; VSMC, vascular 
smooth muscle cell. 

Figure 3.  Summary representation of immunopathogenic mechanisms involved in vascular inflammation and remodelling in 
Takayasu arteritis. Reproduced with kind permission from Elsevier.67

AECA, antiendothelial cell antibody; HLA, human leukocyte antigen; ICAM-1, intercellular adhesion molecule-1; IFN γ, interferon gamma; IL, inter-
leukin; PDGF, platelet-derived growth factor; TGFβ, tumour necrosis factor beta; Th, T-helper cell; TLR, Toll-like receptors; VEGF, vascular endothelial 
growth factor. 
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Adaptive immunity in LVV

Once the immune system has been triggered and the cas-
cade has been activated, CD4+ T-cells infiltrate the media, 
proliferate and secrete a range of pro-inflammatory 
cytokines, resulting in further T-cell differentiation. Pro-
inflammatory cytokines stimulate the further differentia-
tion of CD4+ T-cells to either T-helper (TH) 1 (IL12 or 
IL18) or TH17 (IL6, IL1β or IL23) cells.38,39 Nevertheless, 
there are differences between the pathogenesis of TA and 
GCA in terms of the T-cell subsets that they display and 
their distinct cytokine signatures. In GCA, the TH17 cell 
pathway, and its accompanying cytokines, were found to 
be suppressed by glucocorticoid treatment, while the TH1 
pathway was resistant.40 Interestingly, Saadoun et al. report 
the opposite finding in TA,39 with only the TH1 pathway 
suppressed by steroids.

In recent years, a subset of T-lymphocytes producing 
IL9 (TH9 cells) has been proposed to play a role in the 
pathogenesis of LVV. Pan et al. demonstrated increased IL9 
levels in the serum of 11 patients with active TA together 
with significantly increased numbers of circulating TH9 
lymphocytes.41 Increased TH9 cells and IL9 levels have 
also been found in GCA patients displaying a characteristic 
pattern of transmural inflammation and small vessel 
vasculitis.42

The final phase in the pathogenesis of both TA and GCA 
involves remodelling of the vessel wall resulting in vessel 
stenosis, occlusion or aneurysm. In GCA, interferon gamma 
(IFNγ)-activated macrophages produce a number of 
cytokines that amplify the inflammatory response (IL6, 
IL1β, and tumour necrosis factor alpha (TNFα)) as well as 
mediators of vascular remodelling such as matrix metallo-
proteinases (MMPs), which act to degrade components of 
the extracellular matrix.43,44 Nikkari et  al. demonstrated 
that MMP-9 containing macrophages colocalised with sites 
of internal elastic lamina degradation in GCA.45 Similarly, 
temporal artery biopsies of 147 GCA patients showed 
upregulated MMP-9 expression that was associated with 
intimal hyperplasia, luminal narrowing and neoangiogene-
sis.46 A probable role of MMPs in the pathogenesis of TA is 
also supported by the finding of significantly increased 
expression of MMP 1, 3, and 9 in patients with active dis-
ease.47 Further evidence of the role of MMPs in the patho-
genesis of TA is provided by the positive correlation 
between oxidative stress and levels of MMP,48 and a nega-
tive association of the antiatherogenic molecule sRAGE 
with MMP.49 As such, MMPs are being investigated as a 
potential therapeutic target for TA and as biomarkers of dis-
ease activity.50 Activated macrophages, giant cells, and 
injured vascular smooth muscle cells (VSMCs) also release 
vascular endothelial growth factor (VEGF) and platelet-
derived growth factor (PDGF), resulting in neovascularisa-
tion and intimal proliferation hyperplasia.51,52

Potential pathogenic triggers of 
large vessel vasculitis (LVV)

Both infective agents and autoimmune mechanisms have 
been proposed as potential triggers of inflammation in 

LVV. Evidence suggesting a role of mycobacterial proteins 
as a trigger in TA includes an increased humoral immune 
response directed towards the mycobacterial 65 kDa heat-
shock protein (mHSP65) in TA patients,53–56 and the finding 
that a 65-kDa HSP is induced in the vasa vasorum and 
media of temporal artery biopsies.53 However, clinical stud-
ies have shown that only a small minority of patients with 
TA have a history of exposure to mycobacteria.57 
Furthermore, Arnaud et al. failed to find any evidence for 
the presence of mycobacteria in arterial samples from 10 
TA patients using acid-fast staining, mycobacterial culture 
and direct amplification of the Mycobacterium tuberculosis 
genome.58

Several pathogens, primarily viruses, have also been 
investigated as potential triggers of GCA. No consistent 
association was found between the incidence of GCA and 
human herpes virus (HHV)-6, HHV-7, Epstein–Barr virus, 
cytomegalovirus, herpes simplex virus and human parvovi-
rus B19.59,60 Recently, Gilden et  al. found a significant 
association with varicella zoster virus (VZV) and GCA.61,62 
However, recent studies by other groups have not corrobo-
rated the findings that reactivation of VZV might trigger 
the immune response in GCA.63,64 Finally, Wagner et  al. 
demonstrated an association between Chlamydia pneumo-
niae DNA and GCA in six patients.65 However, five subse-
quent studies failed to corroborate this finding.66 To date, 
no consistent evidence exists for a microbiological cause 
for LVV, although opinion is divided on the potential role 
of VZV as a trigger for GCA.

A number of studies have reported detection of various 
autoantibodies in TA patients but it is not known whether 
these directly contribute to the pathogenesis of TA or repre-
sent by-products of immune activation.67 Immune com-
plexes and antiaortic antibodies have been reported in 
several studies.68,69 However, the aortic autoantigen recog-
nised by autoantibodies remains unknown. Dhingra et al.70 
showed that collagenase-digested aortic tissue induced a 
fall in the antibody titre of aortitis patients, suggesting col-
lagen as a candidate autoantigen. However, when Baltazares 
et al. attempted to find a triggering antigen within compo-
nents of the aortic wall, such as elastin, fibronectin, and 
collagen, no differences were found between TA patients 
and controls in identifying a selective triggering factor sep-
arate from each other.71 Similarly, studies performed in 
GCA have also failed to find consistent evidence of a trig-
gering antigen. Schmits et  al. screened a cDNA library 
derived from human testes for antigens reacting with sera 
of GCA patients and identified only two antigens that 
reacted specifically in 32% of GCA cases: lamin C and the 
nuclear antigen of 14 kDa.72

The presence of antiendothelial cell antibodies (AECAs) 
has been demonstrated in both TA and GCA and has been 
suggested as possible triggers of inflammation. There is 
some evidence in TA that AECAs can induce endothelial 
cell apoptosis via complement-mediated pathways.73,74 A 
pathogenic role of AECAs in TA is supported by the find-
ings of Chauhan et  al.75 who showed that the sera of TA 
patients can only induce endothelial cell death in the pres-
ence of AECAs and Wang et al.76 who reported increased 
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levels of AECAs from circulating B-lymphocytes in TA 
compared to normal controls. AECA levels were also found 
to be higher in TA patients with active disease compared to 
inactive disease.76 However, the presence of increased 
AECA in disease is not sufficient to imply causation, as 
their production may be induced in response to endothelial 
cell death itself.77 AECAs have also been demonstrated in 
33% of patients with GCA.78 However, it should be noted 
that AECAs have also been demonstrated in healthy con-
trols as well as numerous systemic autoimmune disease.79,80 
As such, their presence is not disease-specific and no stud-
ies have yet demonstrated a pathological role for AECAs in 
GCA.

Biomarkers – the search continues

C-reactive protein (CRP) and erythrocyte sedimentation 
rate (ESR) remain the mainstays for monitoring disease 
activity despite neither being shown to be sensitive or spe-
cific enough for the task.81 Despite this, in clinical practice, 
no other biomarkers have been developed for meaningful 
clinical correlation.

Serum levels of IL6 have been found to be more sensi-
tive than ESR in indicating disease activity,82 while VEGF 
levels are upregulated after recent episodes of optic nerve 
ischaemia,83 and down-regulated in response to treat-
ment.84 Sun et al. demonstrated that levels of MMP-9 cor-
related strongly with severity of vessel lumen stenosis and 
wall thickness on cross-sectional imaging of TA patients, 
with stronger associations than either CRP or ESR.85 
Finally, Springer et al. have investigated patients with both 
GCA and TA and found that serum levels of different S100 
proteins (S100A8/S100A9 and S100A12) in GCA were 
significantly elevated during active disease and although 
there were weak correlations between levels of S100 pro-
teins and ESR or CRP, a model including S100A8/S100A9, 
S100A12, ESR, and CRP was a better indicator of disease 
activity compared to ESR and CRP together. S100, how-
ever, did not show any significant differences in active or 
inactive TA.86

Advances in medical therapy for 
TA and GCA

Currently the medical treatment of choice for both TA and 
GCA is systemic administration of corticosteroids aimed at 
dampening the immune response. Whilst this is an effective 
treatment, there are considerable side effects associated with 
long-term steroid use. In a study of 125 patients with GCA, 
Proven et al. demonstrated an 86% risk of developing steroid-
associated complications including bone fracture, avascular 
necrosis, diabetes mellitus, and hypertension.87 Furthermore, 
steroid therapy has been shown to have little effect in prevent-
ing relapses.88 Corticosteroid therapy is often supplemented 
with the addition of a further immunosuppressive agent such 
as azathioprine, methotrexate, cyclophosphamide, cyclo-
sporin, rapamycin or mycophenolate mofetil. In general, the 
results of treatment trials with these conventional immuno-
suppressive agents have been disappointing.89

Ferfar et al. reviewed 13 studies including 96 TA patients 
treated with anti-TNFα. The median daily prednisolone 
dose pre- and post-anti-TNFα treatment was 15 mg/day 
and 8 mg/day, respectively. There was also a reduction in 
median CRP from 30 mg/L to 9 mg/L, and 61.4% of treated 
patients reported improvement in clinical symptoms.90 As 
such, anti-TNFα treatment appears to have some efficacy 
in reducing the burden of inflammation in TA, and allows 
reduction of maintenance steroid regimes. A review of the 
literature suggests that no randomised controlled trials 
(RCTs) of anti-TNFα agents in the treatment of TA have 
been performed. The rarity of TA makes undertaking such 
trials extremely difficult even with multicentre and interna-
tional collaboration. This is highlighted by the finding that 
one of the largest series to date of anti-TNFα treatment is 
by Mekinian et al., which contains 35 patients and is a mul-
ticentre retrospective study over a 12-year period.91

Langford et al. have published results of a multicentre 
randomised double-blind trial, a rarity in TA, investigating 
the effect of abatacept (CTLA-4Ig) in treating TA.92 Of the 
34 patients enrolled, all initially received intravenous 
abatacept with prednisolone for 12 weeks and then pro-
ceeded (if in remission) to randomisation to receive either 
placebo or continued abatacept. The relapse-free survival 
rate did not reach significance at 12 months (22% vs 40% 
for abatacept vs placebo, respectively (p =  0.853)). 
Although the trial did not show any difference between 
abatacept or placebo, it should certainly be noted that of the 
34 patients initially recruited only 26 went on to be 
randomised.

Seror et al. showed no improvement in remission rates 
when adalimumab was added to standard GC treatment in a 
RCT of 70 patients.93 A further randomised trial of inflixi-
mab versus placebo in addition to GC failed to show any 
improvement in remission maintenance in 44 patients and 
the use of etanercept versus placebo also showed no addi-
tional benefit in an RCT of 17 patients.94,95 After 12 months, 
50% of patients treated with etanercept remained in remis-
sion compared to 22% of the placebo group (p = NS).

Several studies describe the use of tocilizumab (TCZ) 
in GCA. Until recently, these studies predominantly con-
sist of small case series and individual case reports. A 
single-centre RCT randomised 20 patients to TCZ and 10 
to placebo in addition to standard steroid therapy. 
Complete remission was found in 85% of the TCZ group 
compared to 40% of the placebo group at 12 weeks (p = 
0.03). One-year recurrence-free survival was achieved in 
17 patients treated with TCZ and two patients treated with 
placebo.96 Results from the much anticipated GiACTA 
trial, a multicentre RCT which included 251 patients, has 
recently published its results comparing different doses of 
TCZ or placebo with tapering prednisolone.97 Following 
52 weeks of follow-up, patients receiving TCZ, regardless 
of dose, showed a significantly reduced rate of sustained 
glucocorticoid-free remission (56% and 53% treated with 
TCZ weekly or every other week, respectively, compared 
with 14% and 18% in the placebo group that underwent 
the 26-week prednisone or 52-week prednisone taper (p < 
0.001 for the comparisons of either active treatment with 
placebo)).
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Langford et  al. performed a multicentre double-blind 
RCT of abatacept use in GCA.98 Abatacept (CTLA-4Ig) 
prevents antigen presenting cells such as DCs from provid-
ing costimulatory signals to T-cells, thus blocking their 
activation. Langford et al. recruited 49 patients with GCA 
who underwent treatment with both prednisolone and 
abatacept for 12 weeks. At this time, those in clinical remis-
sion (n = 41) underwent double-blind randomisation to 
abatacept or placebo. After standardised steroid weaning, 
48% of patients on abatacept were found to have remained 
in remission at 12 months compared to 31% of the placebo 
group (p = 0.049). The authors conclude that the addition of 
abatacept to a GCA treatment regimen with prednisolone 
reduces the risk of relapse and is not associated with a 
higher rate of toxicity compared to prednisolone alone. The 
evidence for use of TCZ in GCA is supported by two RCTs, 
with the results of the larger GiACTA trial showing very 
promising results. However, the benefit of anti-TNFα 
agents has not yet been shown, although well-powered 
studies are lacking. Despite evidence of the role of MMPs 
and their regulatory tissue inhibitors of metalloproteinases 
(TIMPs) in the pathogenesis of collagen and elastin degra-
dation in LVV, no therapeutic agents have yet been devel-
oped against these targets. However, they remain a potential 
future target for novel therapies.

Future challenges and 
controversies

Over the last decade, increased understanding of the immu-
nopathogenesis of TA and GCA has led to the identification 
of new exciting avenues for future advancements both in 
terms of diagnostic biomarker development and medical 
therapy. However, the triggering pathological agent under-
lying these conditions remains elusive and its identification 
represents the most significant future challenge in the man-
agement of LVV. The identification of the causative agents 
in TA and GCA will likely represent the only reliable 
method of clarifying the ongoing question as to whether 
these conditions are distinct or subtypes of a single disease 
entity. In clinical practice, such a distinction is largely irrel-
evant unless it informs management and improves patient 
outcomes; hence, recognition of different types of TA and 
GCA is beneficial only if the treatment priorities change, 
such as using steroids as an urgent treatment line in cases of 
TA patients. The main advantage in identifying the trigger-
ing stimulus lies in enabling diagnosis and treatment earlier 
in the disease process and minimising destruction of the 
elastic walls of large vessels. If an infective trigger is found 
to be responsible then curative treatments can be targeted. 

Conclusions

Controversy still surrounds the classification of TA and GCA 
as separate disease entities. Clinical presentation, age of onsets 
and racial distribution are distinct between the two diseases. 
Furthermore, although histological analysis can demonstrate 
considerable overlap between the conditions, specific histo-
pathological features characterise each condition. Similarly, 

recent advances in the genetic profiling of the two conditions 
have shown that, as yet, there is no evidence to suggest a com-
mon genetic background in LVV, with TA and GCA being pri-
marily associated with different HLA loci. However, in recent 
years, a common immunopathological basis of LVV has 
emerged consisting of activation of adventitial dendritic cells, 
recruitment of CD4+ T-lymphocytes and infiltration of mac-
rophages, resulting in cytokine driven neovascularisation and 
intimal hyperplasia. As such, it is still unclear as to whether 
these two conditions truly are separate disease entities. Crucial 
to resolving this matter is the elucidation of the underlying 
cause of vessel wall inflammation, with both infective agents 
and autoantigens being investigated as potential triggers. A 
better understanding of the underlying aetiology of LVV 
would also aid in the development of early diagnostic and 
treatment modalities aimed at preventing the dramatic conse-
quences of aortic luminal narrowing, aneurysm, and 
dissection.

Declaration of conflicting interests

The authors declared no potential conflicts of interest with respect 
to the research, authorship, and/or publication of this article.

Funding

The authors received no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Amer Harky  https://orcid.org/0000-0001-5507-5841

References

	 1.	 Numano F, Kakuta T. Takayasu arteritis – Five doctors in the 
history of Takayasu arteritis. Int J Cardiol 1996; 54 (suppl): 
S1–10.

	 2.	 Onen F, Akkoc N. Epidemiology of Takayasu arteritis. 
Presse Med 2017; 46: e197–e203.

	 3.	 Watts R, Al-Taiar A, Mooney J, et al. The epidemiology of 
Takayasu arteritis in the UK. Rheumatology (Oxford) 2009; 
48: 1008–1011.

	 4.	 Waern AU, Andersson P, Hemmingsson A. Takayasu’s arte-
ritis: A hospital-region based study on occurrence, treatment 
and prognosis. Angiology 1983; 34: 311–320.

	 5.	 Reinhold-Keller E, Herlyn K, Wagner-Bastmeyer R, et  al. 
Stable incidence of primary systemic vasculitides over five 
years: Results from the German vasculitis register. Arthritis 
Rheum 2005; 53: 93–99.

	 6.	 Hall S, Barr W, Lie JT, et al. Takayasu arteritis. A study of 
32 North American patients. Medicine (Baltimore) 1985; 64: 
89–99.

	 7.	 Kerr GS, Hallahan CW, Giordano J, et al. Takayasu arteritis. 
Ann Intern Med 1994; 120: 919–929.

	 8.	 Gulati A, Bagga A. Large vessel vasculitis. Pediatr Nephrol 
2010; 25: 1037–1048.

	 9.	 Goodwin JS. Progress in gerontology: Polymyalgia rheu-
matica and temporal arteritis. J Am Geriatr Soc 1992; 40: 
515–525.

	10.	 Hutchinson J. Diseases of the arteries. No. I. – On a peculiar 
form of thrombotic arteritis of the aged which is sometimes 
productive of gangrene. Arch Surg 1890; 1: 323–329.

	11.	 Hellman D. Giant cell arteritis, polymyalgia rheumatica, 
and Takayasu’s arteritis. In: Firestein GS, Budd RC (eds) 

https://orcid.org/0000-0001-5507-5841


8	 Vascular Medicine 00(0)

Kelley’s textbook of rheumatology. 9th ed. Philadelphia, PA: 
Elsevier Saunders, 2013, pp.1461–1480.

	12.	 Salvarani C, Cantini F, Boiardi L, et al. Polymyalgia rheumat-
ica and giant-cell arteritis. N Engl J Med 2002; 347: 261–271.

	13.	 Watts RA. 2. Epidemiology of giant cell arteritis: A critical 
review. Rheumatology 2014; 53(suppl 2): i1–i2.

	14.	 Crowson CS, Matteson EL. Contemporary prevalence esti-
mates for giant cell arteritis and polymyalgia rheumatica, 
2015. Semin Arthritis Rheum 2017; 47: 253–256.

	15.	 Nordborg E, Nordborg C. Giant cell arteritis: Epidemiological 
clues to its pathogenesis and an update on its treatment. 
Rheumatology (Oxford) 2003; 42: 413–421.

	16.	 Miller DV, Maleszewski JJ. The pathology of large-vessel 
vasculitides. Clin Exp Rheumatol 2011; 29: S92–98.

	17.	 Vaideeswar P, Deshpande JR. Pathology of Takayasu arteri-
tis: A brief review. Ann Pediatr Cardiol 2013; 6: 52–58.

	18.	 Gravanis MB. Giant cell arteritis and Takayasu aortitis: 
Morphologic, pathogenetic and etiologic factors. Int J 
Cardiol 2000; 75 (suppl 1): S21–33; discussion S5–6.

	19.	 Gornik HL, Creager MA. Aortitis. Circulation 2008; 117: 
3039–3051.

	20.	 Petursdottir V, Nordborg E, Nordborg C. Atrophy of the aor-
tic media in giant cell arteritis. APMIS 1996; 104: 191–198.

	21.	 Miller DV, Isotalo PA, Weyand CM, et al. Surgical pathol-
ogy of noninfectious ascending aortitis: A study of 45 cases 
with emphasis on an isolated variant. Am J Surg Pathol 
2006; 30: 1150–1158.

	22.	 Saruhan-Direskeneli G, Hughes T, Aksu K, et  al. 
Identification of multiple genetic susceptibility loci in 
Takayasu arteritis. Am J Hum Genet 2013; 93: 298–305.

	23.	 Carmona FD, Vaglio A, Mackie SL, et al. A genome-wide 
association study identifies risk alleles in plasminogen and 
P4HA2 associated with giant cell arteritis. Am J Hum Genet 
2017; 100: 64–74.

	24.	 Kasuya K, Hashimoto Y, Numano F. Left ventricular dys-
function and HLA Bw52 antigen in Takayasu arteritis. Heart 
Vessels Suppl 1992; 7: 116–119. 

	25.	 Sahin Z, Bıcakcıgil M, Aksu K, et al. Takayasu’s arteritis 
is associated with HLA-B*52, but not with HLA-B*51, in 
Turkey. Arthritis Research & Therapy. 2012; 14: R27. DOI: 
10.1186/ar3730. 

	26.	 Kitamura H, Kobayashi Y, Kimura A, et al. Association of 
clinical manifestations with HLA-B alleles in Takayasu arte-
ritis. Int J Cardiol 1998; 66(suppl 1): S121–S126.

	27.	 Terao C, Yoshifuji H, Ohmura K, et  al. Association of 
Takayasu arteritis with HLA-B 67:01 and two amino acids 
in HLA-B protein. Rheumatology 2013; 52: 1769–1774.

	28.	 Combe B, Sany J, Le Quellec A, et  al. Distribution of 
HLA-DRB1 alleles of patients with polymyalgia rheumat-
ica and giant cell arteritis in a Mediterranean population. J 
Rheumatol 1998; 25: 94–98.

	29.	 Dababneh A, Gonzalez-Gay MA, Garcia-Porrua C, et  al. 
Giant cell arteritis and polymyalgia rheumatica can be dif-
ferentiated by distinct patterns of HLA class II association. J 
Rheumatol 1998; 25: 2140–2145.

	30.	 Jacobsen S, Baslund B, Madsen HO, et  al. Mannose-
binding lectin variant alleles and HLA-DR4 alleles are 
associated with giant cell arteritis. J Rheumatol 2002; 29: 
2148–2153.

	31.	 Gonzalez-Gay MA. Genetic epidemiology: Giant cell arteritis 
and polymyalgia rheumatica. Arthritis Res 2001; 3: 154–157.

32.	 Weyand CM, Goronzy JJ. Immune Mechanisms in Medium 
and Large Vessel Vasculitis. Nature reviews Rheumatology 
2013; 9: 731–740.

	33.	 Jennette JC, Falk RJ, Bacon PA, et  al. 2012 Revised 
International Chapel Hill Consensus Conference Nomenclature 
of Vasculitides. Arthritis Rheum 2013; 65: 1–11.

	34.	 Krupa WM, Dewan M, Jeon MS, et al. Trapping of misdi-
rected dendritic cells in the granulomatous lesions of giant 
cell arteritis. Am J Pathol 2002; 161: 1815–1823.

	35.	 Deng J, Ma-Krupa W, Gewirtz AT, et al. Toll-like receptors 
4 and 5 induce distinct types of vasculitis. Circ Res 2009; 
104: 488–495.

	36.	 Pryshchep O, Ma-Krupa W, Younge BR, et  al. Vessel-
specific Toll-like receptor profiles in human medium and 
large arteries. Circulation 2008; 118: 1276–1284.

	37.	 Brack A, Geisler A, Martinez-Taboada VM, et al. Giant cell 
vasculitis is a T cell-dependent disease. Mol Med 1997; 3: 
530–543.

	38.	 Samson M, Audia S, Fraszczak J, et al. Th1 and Th17 lym-
phocytes expressing CD161 are implicated in giant cell 
arteritis and polymyalgia rheumatica pathogenesis. Arthritis 
Rheum 2012; 64: 3788–3798.

	39.	 Saadoun D, Garrido M, Comarmond C, et al. Th1 and Th17 
cytokines drive inflammation in Takayasu arteritis. Arthritis 
Rheumatol 2015; 67: 1353–1360.

	40.	 Deng J, Younge BR, Olshen RA, et al. Th17 and Th1 T-cell 
responses in giant cell arteritis. Circulation 2010; 121: 906–915.

	41.	 Pan LL, Du J, Gao N, et al. IL-9-producing Th9 cells may 
participate in pathogenesis of Takayasu’s arteritis. Clin 
Rheumatol 2016; 35: 3031–3036.

	42.	 Ciccia F, Rizzo A, Guggino G, et  al. Difference in the 
expression of IL-9 and IL-17 correlates with different histo-
logical pattern of vascular wall injury in giant cell arteritis. 
Rheumatology (Oxford) 2015; 54: 1596–1604.

	43.	 Samson M, Ly KH, Tournier B, et  al. Involvement and 
prognosis value of CD8(+) T cells in giant cell arteritis. J 
Autoimmun 2016; 72: 73–83.

	44.	 Corbera-Bellalta M, Planas-Rigol E, Lozano E, et al. Blocking 
interferon gamma reduces expression of chemokines CXCL9, 
CXCL10 and CXCL11 and decreases macrophage infiltration 
in ex vivo cultured arteries from patients with giant cell arteri-
tis. Ann Rheum Dis 2016; 75: 1177–1186.

	45.	 Nikkari ST, Hoyhtya M, Isola J, et al. Macrophages contain 
92-kd gelatinase (MMP-9) at the site of degenerated internal 
elastic lamina in temporal arteritis. Am J Pathol 1996; 149: 
1427–1433.

	46.	 Rodriguez-Pla A, Bosch-Gil JA, Rossello-Urgell J, et  al. 
Metalloproteinase-2 and -9 in giant cell arteritis: Involvement 
in vascular remodeling. Circulation 2005; 112: 264–269.

	47.	 Mahajan N, Dhawan V, Mahmood S, et  al. Extracellular 
matrix remodeling in Takayasu’s arteritis: Role of matrix 
metalloproteinases and adventitial inflammation. Arch Med 
Res 2012; 43: 406–410.

	48.	 Mahajan N, Dhawan V, Malik S, et al. Implication of oxida-
tive stress and its correlation with activity of matrix metallo-
proteinases in patients with Takayasu’s arteritis disease. Int J 
Cardiol 2010; 145: 286–288.

	49.	 Mahajan N, Dhawan V, Malik S, et al. Serum levels of solu-
ble receptor for advanced glycation end products (sRAGE) 
in Takayasu’s arteritis. Int J Cardiol 2010; 145: 589–591.

	50.	 Wu G, Mahajan N, Dhawan V. Acknowledged signatures of 
matrix metalloproteinases in Takayasu’s arteritis. BioMed 
Res Int 2014; 2014: 827105.

	51.	 Kaiser M, Younge B, Bjornsson J, et  al. Formation of 
new vasa vasorum in vasculitis. Production of angiogenic 
cytokines by multinucleated giant cells. Am J Pathol 1999; 
155: 765–774.



Harky et al.	 9

	52.	 Kaiser M, Weyand CM, Bjornsson J, et al. Platelet-derived 
growth factor, intimal hyperplasia, and ischemic complica-
tions in giant cell arteritis. Arthritis Rheum 1998; 41: 623–
633.

	53.	 Nadkarni S, Dalli J, Hollywood J, et al. Investigational anal-
ysis reveals a potential role for neutrophils in giant-cell arte-
ritis disease progression. Circ Res 2014; 114: 242–248.

	54.	 Stark MA, Huo Y, Burcin TL, et al. Phagocytosis of apop-
totic neutrophils regulates granulopoiesis via IL-23 and 
IL-17. Immunity 2005; 22: 285–294.

	55.	 Aggarwal A, Chag M, Sinha N, et al. Takayasu’s arteritis: 
Role of Mycobacterium tuberculosis and its 65 kDa heat 
shock protein. Int J Cardiol 1996; 55: 49–55.

	56.	 Seko Y, Minota S, Kawasaki A, et  al. Perforin-secreting 
killer cell infiltration and expression of a 65-kD heat-shock 
protein in aortic tissue of patients with Takayasu’s arteritis. J 
Clin Invest 1994; 93: 750–758.

	57.	 Arnaud L, Haroche J, Limal N, et al. Takayasu arteritis in 
France: A single-center retrospective study of 82 cases com-
paring white, North African, and black patients. Medicine 
(Baltimore) 2010; 89: 1–17.

	58.	 Arnaud L, Cambau E, Brocheriou I, et  al. Absence of 
Mycobacterium tuberculosis in arterial lesions from patients 
with Takayasu’s arteritis. J Rheumatol 2009; 36: 1682–
1685.

	59.	 Cooper RJ, D’Arcy S, Kirby M, et al. Infection and tem-
poral arteritis: A PCR-based study to detect pathogens in 
temporal artery biopsy specimens. J Med Virol 2008; 80: 
501–505.

	60.	 Rodriguez-Pla A, Bosch-Gil JA, Echevarria-Mayo JE, et al. 
No detection of parvovirus B19 or herpesvirus DNA in giant 
cell arteritis. J Clin Virol 2004; 31: 11–15.

	61.	 Gilden D, White T, Boyer PJ, et  al. Varicella zoster virus 
infection in granulomatous arteritis of the aorta. J Infect Dis 
2016; 213: 1866–1871.

	62.	 Gilden D, White T, Khmeleva N, et al. Prevalence and distri-
bution of VZV in temporal arteries of patients with giant cell 
arteritis. Neurology 2015; 84: 1948–1955.

	63.	 Kennedy PG, Grinfeld E, Esiri MM. Absence of detection 
of varicella-zoster virus DNA in temporal artery biopsies 
obtained from patients with giant cell arteritis. J Neurol Sci 
2003; 215: 27–92.

	64.	 Alvarez-Lafuente R, Fernandez-Gutierrez B, Jover JA, et al. 
Human parvovirus B19, varicella zoster virus, and human 
herpes virus 6 in temporal artery biopsy specimens of 
patients with giant cell arteritis: Analysis with quantitative 
real time polymerase chain reaction. Ann Rheum Dis 2005; 
64: 780–782.

65.	 Wagner AD, Gerard HC, Fresemann T, et  al. Detection of 
Chlamydia pneumoniae in giant cell vasculitis and correla-
tion with the topographic arrangement of tissue-infiltrating 
dendritic cells. Arthritis Rheum 2000; 43: 1543–1551.

	66.	 Ly K, Régent A, Tamby M, et  al. Pathogenesis of giant 
cell arteritis: More than just an inflammatory condition? 
Autoimmun Rev 2010; 9: 635–645.

	67.	 Arnaud L, Haroche J, Mathian A, et  al. Pathogenesis of 
Takayasu’s arteritis: A 2011 update. Autoimmun Rev 2011; 
11: 61–67.

	68.	 Nakao K, Ikeda M, Kimata S, et  al. Takayasu’s arteritis. 
Clinical report of eighty-four cases and immunological stud-
ies of seven cases. Circulation 1967; 35: 1141–1155.

	69.	 Ito I, Saito Y, Nonaka Y. Immunological aspects of aortitis 
syndrome. Jpn Circ J 1975; 39: 459–462.

	70.	 Dhingra R, Talwar KK, Chopra P, et al. An enzyme linked 
immunosorbent assay for detection of anti-aorta antibodies 

in Takayasu arteritis patients. Int J Cardiol 1993; 40: 237–
242.

	71.	 Baltazares M, Mendoza F, Dabague J, et al. Antiaorta antibod-
ies and Takayasu arteritis. Int J Cardiol 1998; 66 (suppl 1):  
S183–187; discussion S9.

	72.	 Schmits R, Kubuschok B, Schuster S, et al. Analysis of the 
B cell repertoire against autoantigens in patients with giant 
cell arteritis and polymyalgia rheumatica. Clin Exp Immunol 
2002; 127: 379–385.

	73.	 Tripathy NK, Upadhyaya S, Sinha N, et al. Complement and 
cell mediated cytotoxicity by antiendothelial cell antibodies 
in Takayasu’s arteritis. J Rheumatol 2001; 28: 805–808.

	74.	 Tobon GJ, Alard JE, Youinou P, et  al. Are autoantibod-
ies triggering endothelial cell apoptosis really pathogenic? 
Autoimmun Rev 2009; 8: 605–610.

	75.	 Chauhan SK, Tripathy NK, Nityanand S. Antigenic targets 
and pathogenicity of anti-aortic endothelial cell antibodies in 
Takayasu arteritis. Arthritis Rheum 2006; 54: 2326–2333.

	76.	 Wang H, Ma J, Wu Q, et al. Circulating B lymphocytes pro-
ducing autoantibodies to endothelial cells play a role in the 
pathogenesis of Takayasu arteritis. J Vasc Surg 2011; 53: 
174–180.

	77.	 Youinou P, Shoenfeld Y. Autoantibody-triggered apoptosis 
of endothelial cells induces antiphospholipid antibody in 
infectious diseases. Curr Trends Immunol 2007; 8: 11–18.

	78.	 Navarro M, Cervera R, Font J, et  al. Anti-endothelial cell 
antibodies in systemic autoimmune diseases: Prevalence and 
clinical significance. Lupus 1997; 6: 521–526.

	79.	 Servettaz A, Guilpain P, Tamas N, et al. Natural anti-endothe-
lial cell antibodies. Autoimmun Rev 2008; 7: 426–430.

	80.	 Domiciano DS, Carvalho JF, Shoenfeld Y. Pathogenic role 
of anti-endothelial cell antibodies in autoimmune rheumatic 
diseases. Lupus 2009; 18: 1233–1238.

	81.	 Mason JC. Takayasu arteritis – Advances in diagnosis and 
management. Nat Rev Rheumatol 2010; 6: 406–415.

	82.	 Weyand CM, Fulbright JW, Hunder GG, et al. Treatment of 
giant cell arteritis: Interleukin-6 as a biologic marker of dis-
ease activity. Arthritis Rheum 2000; 43: 1041–1048.

	83.	 Baldini M, Maugeri N, Ramirez GA, et al. Selective up-reg-
ulation of the soluble pattern-recognition receptor pentraxin 
3 and of vascular endothelial growth factor in giant cell arte-
ritis: Relevance for recent optic nerve ischemia. Arthritis 
Rheum 2012; 64: 854–865.

	84.	 Morlet J, Mahoney D, Zarei A, et  al. 343. Serum vascu-
lar endothelial growth factor is selectively upregulated in 
patients with biopsy-proven giant cell arteritis. Rheumatology 
2014; 53: i188.

	85.	 Sun Y, Ma L, Yan F, et al. MMP-9 and IL-6 are potential 
biomarkers for disease activity in Takayasu’s arteritis. Int J 
Cardiol 2012; 156: 236–238.

	86.	 Springer JM, Monach P, Cuthbertson D, et al. Serum S100 
proteins as a marker of disease activity in large vessel vas-
culitis. J Clin Rheumatol. Epub ahead of print 22 Feb 2018. 
DOI: 10.1097/RHU.0000000000000729.

	87.	 Proven A, Gabriel SE, Orces C, et al. Glucocorticoid ther-
apy in giant cell arteritis: Duration and adverse outcomes. 
Arthritis Rheum 2003; 49: 703–708.

	88.	 Kermani TA, Warrington KJ, Cuthbertson D, et  al. Disease 
relapses among patients with giant cell arteritis: A prospective, 
longitudinal cohort study. J Rheumatol 2015; 42: 1213–1217.

	89.	 Yates MT, Soppa GK, Valencia O, et  al. Impact of 
European Society of Cardiology and European Association 
for Cardiothoracic Surgery Guidelines on Myocardial 
Revascularization on the activity of percutaneous coronary 
intervention and coronary artery bypass graft surgery for  



10	 Vascular Medicine 00(0)

stable coronary artery disease. J Thorac Cardiovasc Surg 
2014; 147: 606–610.

	90.	 Ferfar Y, Mirault T, Desbois AC, et al. Biotherapies in large 
vessel vasculitis. Autoimmun Rev 2016; 15: 544–551.

	91.	 Mekinian A, Comarmond C, Resche-Rigon M, et al. Efficacy 
of biological-targeted treatments in Takayasu arteritis: 
Multicenter, retrospective study of 49 patients. Circulation 
2015; 132: 1693–1700.

	92.	 Langford CA, Cuthbertson D, Ytterberg SR, et al. A randomized, 
double-blind trial of abatacept (CTLA-4Ig) for the treatment of 
Takayasu arteritis. Arthritis Rheumatol 2017; 69: 846–853.

	93.	 Seror R, Baron G, Hachulla E, et al. Adalimumab for steroid 
sparing in patients with giant-cell arteritis: Results of a mul-
ticentre randomised controlled trial. Ann Rheum Dis 2014; 
73: 2074–2081.

	94.	 Hoffman GS, Cid MC, Rendt-Zagar KE, et  al. Infliximab 
for maintenance of glucocorticosteroid-induced remission of 
giant cell arteritis: A randomized trial. Ann Intern Med 2007; 
146: 621–630.

	95.	 Martinez-Taboada VM, Rodriguez-Valverde V, Carreno L, 
et  al. A double-blind placebo controlled trial of etanercept 
in patients with giant cell arteritis and corticosteroid side 
effects. Ann Rheum Dis 2008; 67: 625–630.

	96.	 Villiger PM, Adler S, Kuchen S, et  al. Tocilizumab for 
induction and maintenance of remission in giant cell arteri-
tis: A phase 2, randomised, double-blind, placebo-controlled 
trial. Lancet 2016; 387: 1921–1927.

	97.	 Stone JH, Tuckwell K, Dimonaco S, et  al. Trial of tocili-
zumab in giant-cell arteritis. N Engl J Med 2017; 377: 317–
328.

	98.	 Langford CA, Cuthbertson D, Ytterberg SR, et al. A rand-
omized, double-blind trial of abatacept (CTLA-4Ig) for the 
treatment of giant cell arteritis. Arthritis Rheumatol 2017; 
69: 837–845.

	99.	 Planas-Rigol E, Corbera-Bellalta M, Espígol-Frigolé G, 
et  al. Giant-cell arteritis: Immunopathogenic mechanisms 
involved in vascular inflammation and remodeling. J Vasc 
2016; 2: 103.




