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Abstract: Background: Giant cell arteritis (GCA) is a chronic vasculitis of large and medium vessels in which no tar-
getable biomarkers exist to allow selective treatment, predict disease activity and monitor therapeutic responses. 
The accessibility of the temporal artery (TA) for biopsy allows morphologic studies to characterize macrophages and 
T cells in the microenvironment of the arterial wall. We evaluated the expression of folate receptor beta (FRB), a 
candidate diagnostic/therapeutic biomarker, compared its expression with key macrophage markers and correlated 
it with GCA severity. Methods: Formalin-fixed paraffin-embedded tissue sections were examined from 6 patients with 
GCA and 2 controls. Immunohistochemistry was performed using FRB, ETB, CD68 and CD3 antibodies to evaluate 
for activated macrophages and T cells, assess FRB distribution along the intima, media and adventitial layers and 
composition of inflammatory infiltrates. We compared the expression of FRB, ETB and CD68 in GCA versus nega-
tive controls and in severe (with visual loss) versus mild (without visual loss) disease. Results: In GCA, moderate to 
severe inflammation was accompanied by >90% destruction of the internal elastic lamina. Macrophages comprised 
36.3 ± 4.1% while CD3+ lymphocytes accounted for 61.7 ± 4.1% of total leukocytes. FRB was selectively expressed 
in macrophages and localized to the adventitia. GCA patients had marginally increased median FRB (9.8 cells/hpf 
vs. 0; p=0.095), ETB (20.5 vs. 0; p=0.095) and CD68 (38.8 vs. 5; p=0.071) expression versus controls. ETB was 
found in endothelial cells, smooth muscle cells and macrophages in intima/media. FRB positively correlated with 
ETB (r=0.90; p-0.037) and CD68 levels (r=0.90; p=0.037). ETB expression positively correlated with CD68 (r=1.0; 
p<0.0001). There was no difference in FRB between severe and mild GCA. Conclusion: FRB is a potential diagnostic 
and therapeutic biomarker with restricted expression in GCA macrophages. FRB+ macrophages localized to the 
adventitia and their expression correlated with ETB and CD68 macrophages, suggesting that they contribute to GCA 
pathogenesis. 
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Introduction

Giant cell arteritis (GCA) is a granulomatous 
vasculitis that targets the aorta and its branch-
es [1, 2]. Symptoms range from fevers, weight 
loss, musculoskeletal, temporal, jaw or head 
pains to severe complications of vision loss, 
stroke and tongue gangrene resulting from criti-
cal vessel insufficiency. GCA is the most com-
mon adult vasculitis with a prevalence of 15-25 
cases per 100,000 and shows preference for 
affecting older adults, in whom genetics and 
immune vascular microenvironment render 
susceptibility to autoimmunity [2-6]. 

Compared to other forms of vasculopathy like 
aortic aneurysm and atherosclerosis, GCA all- 
ows translational studies more readily because 
of the accessible temporal artery (TA) which is 
obtained for biopsy. The TA is a prototypical 
medium/large artery and in GCA, demonstrates 
an extensive inflammatory infiltrate that spans 
all 3 layers of the tunica intima, media and 
adventitia with accompanying destruction of 
the internal elastic lamina [4, 7]. The pathogen-
esis of GCA starts with an unknown antigen 
which is captured in the adventitia and present-
ed by dendritic cells to subsets of T helper cells, 
Th1 and Th17, that produce interferon gamma 
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(IFG) and interleukin 17 (IL17) cytokines respec-
tively. IFG potentiates macrophages which dif-
ferentiate into multinucleated giant cells and 
enable pathways that release metalloproteas-
es and reactive oxygen species, interleukins 
(IL) 1 and 6, tumor necrosis factor (TNF) alpha, 
IL12 and growth factors which promote prote-
olysis, inflammation and vascular remodeling 
[8, 9]. The influence of vasoactive peptides like 
endothelin 1 (ET-1), has also been studied and 
shown to mediate vascular remodeling. ET-1 
promotes cellular hyperplasia and vasocon-
striction thru endothelin A (ETA) and endothelin 
B (ETB) receptors which were found in the 
endothelial and smooth muscle cells of the inti-
ma and media respectively. Previous studies of 
GCA demonstrated that ETA and ETB receptors 
were also expressed in macrophages but the 
ETB appears more dominant in affecting the 
remodeling process [10-12]. 

To date, there is no known cure for GCA. The 
current management is limited to immunosup-
pression with glucocorticoids (GC) which are 
partially effective and normalize Th17 and IL17 
levels but fail to suppress IFG/TH1 [8]. Recent 
approval of the IL-6 inhibitor tocilizumab has 
added to therapeutic choices, but long-term 
effects are not yet known [13, 14]. The course 
of treatment is protracted and hampered by 
relapses and uncertainty because biomarkers 
that reflect ongoing disease activity and assist 
in targeted therapies are lacking. GCA fails to 
remit in 30-50% of patients and requires long 
term steroids which leads to complications of 
osteoporosis, skin fragility, diabetes, cataract 
and neurocognitive abnormalities [15, 16]. 

The mechanism behind IFG persistence re- 
mains unclear and may account for the relaps-
ing nature of GCA. This presented a novel ques-
tion of whether the upregulation of IFG is due to 
specific pathogenic macrophages. When incu-
bated in a local microenvironment rich in IFG, a 
macrophage is activated to a pro-inflammatory 
or classic M1 phenotype that releases nitric 
oxide [17] and IL-12 which can induce TH1 to 
produce more IFG thus creating a continuous 
cycle of cross activation between macrophage 
and T cells [7]. The folate receptor beta (FRB) is 
part of the folate receptor family and is made 
up of glycosyl-phosphatidylinositol-anchored 
glycoprotein with a high affinity for folic acid 
and 5-methyltetrahydrofolate. In normal hema-
topoiesis, FRB is expressed in the myelomono-
cytic lineage but in a non-functional form, i.e., 

the receptor is unable to bind its cognate 
ligand, folate. However, functional FRB is ex- 
pressed in cells of myeloid leukemia, tumor 
associated macrophages in ovarian and colon 
cancer and pro-inflammatory monocytes and 
activated macrophages in rheumatoid arthritis 
(RA) [18]. FRB anchored on these pathogenic 
cell surfaces demonstrated increased uptake 
of folic acid and folate conjugates which are 
transported from cell membrane to the internal 
cell compartment [19-23]. This unique attribute 
and location of the FRB has made it a potential 
strategic target for selective FRB-targeted ap- 
proaches and has seen numerous trials using 
folate-conjugated immunosuppressive and 
imaging agents, vaccines and multiple antifo-
lates in cancer and rheumatoid arthritis but 
has not been explored in vasculitis where acti-
vated macrophages play a key role. 

In this pilot study, we determined the expres-
sion and distribution of FRB in GCA macro-
phages and correlated them with other effector 
macrophage subsets and clinical severity (com-
plication of vision loss). By demonstrating that 
FRB is expressed selectively in adventitial mac-
rophages, we highlight a novel macrophage 
subtype that can contribute to disease patho-
genesis and provide a potential target for 
mechanistic studies in GCA.

Material and methods

Subjects

After obtaining Institutional Review Board Ap- 
proval, the electronic medical and surgical 
pathology records of the Penn State Medical 
Center dated 2001 to 2011 were reviewed and 
6 subjects with GCA and 2 controls were select-
ed. GCA was confirmed based on positive histo-
pathologic findings and the American College of 
Rheumatology clinical criteria [24]. Under the 
GCA group, 4 subjects with severe disease as 
defined by vision loss from anterior ischemic 
optic neuropathy and 2 with mild disease and 
no vision loss were identified. Controls were 
defined as those who underwent a biopsy with 
initial suspicion of GCA which was ruled out 
after both negative pathology and clinical fol-
low up were satisfied.

Histopathologic analysis

Formalin-fixed paraffin embedded hematoxylin-
eosin stained tissue sections were used for 
confirmation of GCA. Immunohistochemical 
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stains were performed using FRB, ETB, CD68 
and CD3 antibodies to enhance recognition of 
activated macrophages, T lymphocytes, and 
assess their distribution along the intima media 
and adventitial layers and composition of 
inflammatory infiltrates. 

Consecutive 4 μm thick sections were cut from 
formalin-fixed, paraffin-embedded blocks and 
dried at 60°C for 1 hour. After dewaxing and 
rehydration, the sections were treated with 10 
mmol/L citrate buffer pH 6.0 for 20 minutes in 
a steamer followed by 20 minutes to cool at 
room temperature (RT). Slides were incubated 
in methanol containing 0.3% H2O2 to inactivate 
endogenous peroxidases. Slides were pre-incu-
bated with 1% normal Swine serum (Dako) for 
10 minutes at RT. Slides were washed with PBS 
and then incubated with the following primary 
antibodies: (1) anti-FRB antibody (Ma- 
nohar Ratnam) (diluted 1:800) with placental 
tissue used as positive control; (2) rabbit poly-
clonal anti-human ETB (GeneTex, Irvine CA) 
diluted 1:200; (3) anti-CD68 (M876 Dako, 
Glostrup, Denmark) diluted 1:200; (4) anti-CD3 
(M701 Dako) diluted 1:600. The immunohisto-
chemistry was carried out in an automated 
immunostainer, TechMate 500 (Ventana Bio- 
tek, Tucson, AZ) using the biotin-streptavidin-
peroxidase method with diaminobenzidine as 
the chromogen (Dako REAL Detection System, 
peroxidase/diaminobenzidine+, rabbit/mouse). 
Samples were examined using an Olympus 

BX60 microscope (Tokyo, Japan) and photo-
graphed using a Pixera Pro 600ES digital cam-
era (Los Gatos, CA). Measurements were done 
on 10 randomly selected high power field sec-
tions, and the mean numbers of cells were cal-
culated. Numbers of FRB, ETB and CD68 mac-
rophages were compared between GCA and 
controls, and between mild and severe GCA. 
Distribution of the immunostaining intensity of 
FRB and ETB macrophages was compared 
among the intima, media and adventitia. The 
expression and distribution of FRB was com-
pared between GCA and controls. FRB expres-
sion was correlated with erythrocyte sedimen-
tation rate and other macrophage markers 
including ETB and CD68. 

Statistical analyses were performed using SAS 
Enterprise Guide (SAS Institute, Cary, NC). FRB, 
ETB and CD 68 expression were compared 
between GCA and controls as well as between 
severe GCA (defined as those with vision loss) 
and mild GCA (defined as those without vision 
loss) using the Wilcoxon rank sum test. The bio-
markers were correlated using the Spearman’s 
rank correlation coefficient. Categorical vari-
ables were compared using the Fisher’s exact 
test. Significance was defined as P<0.05.

Results

TA biopsies from 6 GCA+ subjects had a medi-
an age of 81.5 years (range 72-87), while the 2 
negative controls were younger, with a median 

Figure 1. Comparison of normal versus GCA affected temporal arteries. Representative H and E images of a nor-
mal temporal artery with minimal immune cells (A) and GCA positive temporal arteries (B, C) with granulomatous 
infiltrates spanning the hyperplastic intima, media and adventitia. Arrow demonstrates fragments of internal elastic 
lamina. Arrowheads show 2 multinucleated giant cells. Magnification ×200 in (A); ×400 in (B); ×600 in (C).
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age of 55.5 years. Median erythrocyte sedi-
mentation rate (ESR) for GCA subjects was 81 
mm/hour (range 52-120). Four out of 6 GCA 
had severe disease (vision loss). The H and E 
stains demonstrated a moderate to severe lym-
pho-histiocytic infiltrate with >90% destruction 
of the internal elastic lamina. Activated macro-
phages identified by positive CD68 staining 
comprised 36.3 ± 4.1% of total leukocytes 
while CD3 (+) lymphocytes accounted for 61.7 
± 4.1%. In contrast, the negative cases showed 
an intact internal elastic lamina and no inflam-
mation (Figure 1). 

FRB expression was identified only in macro-
phages as opposed to ETB expression which 
localized in macrophages, endothelial cells and 
smooth muscle cells. GCA patients had margin-
ally increased median expression of FRB (9.8 
cells/high power field vs. 0; p=0.095), ETB 
(20.5 vs. 0; p=0.095) and CD68 (38.8 vs. 5; 
p=0.071) compared to controls (Figure 2). The 
distribution of the FRB macrophages was found 
highest in the adventitia followed by the media, 
with none seen in the intima. ETB was ex- 
pressed in smooth muscle cells (SMCs), endo-
thelial cells (ECs) and macrophages in the inti-
ma and media with none seen in the adventitia 
(Figure 3). 

GCA subjects with severe disease/vision loss 
did not have a significantly higher expression of 
FRB, ETB and CD68 compared with those with-
out vision loss (data not shown). FRB expres-
sion positively correlated with ETB levels 
(r=0.90; p=0.037) and CD68 levels (r=0.90; 
p=0.037). ETB macrophage expression posi-

FRB macrophages correlated with known 
pathogenic CD68+ and ETB+ macrophage 
subtypes.

Delivering drugs accurately and precisely to a 
disease target while sparing normal cells is the 
ultimate goal of selective drug therapy. Ex- 
amples include anti-bacterials which target vul-
nerable areas of infectious pathogens, and 
blockade of angiotensin converting enzyme 
that exerts mechanistic effects that control 
chronic hypertension. Molecularly targeted th- 
erapeutics such as antagonists of tyrosine 
kinase, vascular endothelial growth factor and 
programmed cell death-1 receptors have im- 
proved the morbidity and mortality of solid 
organ and hematologic malignancies [25]. The 
FRB, with its unique position in the activated 
macrophages in GCA and properties that bind 
folate and anti-folates, can be exploited as a 
potential diagnostic and therapeutic target. 

The consequences of targeting the FRB macro-
phage should be analyzed in the context of the 
use of the prototypical anti-folate methotrexate 
plus folic acid, a standard treatment regimen in 
rheumatoid arthritis and vasculitis. Folic acid is 
an essential vitamin that uses 3 transport path-
ways in humans which include the FR mecha-
nism, the reduced folate carrier and the proton 
coupled folate transporter. After cellular up- 
take, folate induces cellular growth thru DNA 
synthesis, methylation and repair. In recent 
years, folate was shown to modulate endothe-
lial function by providing tetrahydrobiopterin 
(BH4), which is an endothelial nitric oxide syn-
thase co-factor used for nitric oxide (NO) pro-

Figure 2. FRB+, ETB+ and CD68+ macrophage expression (median) in immu-
nohistochemical stains of temporal artery biopsies in GCA (in blue) vs. con-
trols (in orange).

tively correlated with CD68 
(r=1.0; p<0.0001) (Figure 4). 
FRB did not correlate with 
ESR levels (r=0.21; p=0.74). 

Discussion

This clinical and immunohis-
tochemical study demon-
strated 3 novel findings. 
Firstly, FRB was found only in 
GCA positive temporal arter-
ies and FRB expression was 
restricted to activated mac-
rophages only. Secondly, the 
FRB macrophages localized 
predominantly to the adven-
titial arterial wall. Thirdly, the 
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duction [26]. The NO produced through this 
folate assisted mechanism, can potentially 
mediate vascular remodeling by activating 
fibroblasts, smooth muscle cells and endothe-
lial cells. On the other hand, methotrexate is a 
disease modifying anti-rheumatic drug that 
exerts its anti-inflammatory effects thru purine 
antagonism, DNA synthesis blockade and 
induction of adenosine release via multiple 
pathways including the FRB transport system 
[27]. In a study by van der Heijden and col-
leagues, the FRB displayed a stronger affinity 
for folic acid than methotrexate in-vitro, but the 
latter nonetheless was still able to reduce FRB 
synovial macrophages and RA clinical disease 
activity in vivo although outcomes failed to 
reach statistical significance [28]. 

In the field of vasculitis, empirically adminis-
tered glucocorticoids remain the cornerstone 
of management despite advances in under-
standing the crosstalk between macrophages 
and lymphocytes. The B cell depleting agent 
rituximab and cytokine directed therapies 
including the tumor necrosis alpha antagonists 
infliximab and etanercept, and the interleukin-6 
blocker tocilizumab are variably effective for 
anti-neutrophil cytoplasmic antibody mediated 

Figure 3. Differential distribution of FRB and ETB macrophage subtypes. Paraffin embedded tissue sections of tem-
poral arteries were stained with the following antibodies: anti-FRB which localized primarily to adventita > media (A), 
anti-ETB to the intima and media (B) and anti-CD68 pan macrophage marker to all 3 layers (C). Magnification ×200.

Figure 4. Correlation of macrophage subtype expres-
sion in GCA patients. (A) Folate vs. CD68 (r=0.90; 
p=0.037) (B) Folate vs. ETB (r=0.90; p=0.037) (C) 
ETB vs. CD68 (r=1.0; p<0.0001).
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vasculitis and giant cell arteritis but mechanis-
tic studies to validate biomarkers that effec-
tively indicate macrophage activity and res- 
ponse to these biologic interventions are lack-
ing. We demonstrate that FRB is a possible 
indicator of macrophage mediated pathology 
and a potential target for antifolate therapy in 
GCA. FRB was selectively expressed in macro-
phages which stood in contrast with another 
novel target, the ETB, which was ubiquitously 
expressed in the smooth muscle and endothe-
lial cells and which may not be amenable to 
more selective drug targeting. The long term 
efficacy and safety record of methotrexate 
compared to other anti-cytokine agents and 
our findings of FRB positive macrophages 
should fuel mechanistic studies to evaluate 
how methotrexate can best target GCA macro-
phages expressing the FRB. Concurrently, the 
practice of using folic acid in conjunction with 
methotrexate should be questioned. Since FRB 
binds folate/folic acid with more affinity than 
methotrexate, the use of folate can outcom-
pete methotrexate and account for the report-
ed drug resistance to methotrexate in the few 
clinical GCA trials [29, 30]. In addition, folate 
conjugates of drugs or second generation anti-
folates which have higher affinities for FRB can 
be justified to target these GCA macrophages. 

In comparison with other pathogenic macro-
phages, FRB expression was correlated with 
ETB and CD68 macrophage populations, both 
of which are implicated in proposed endothelin 
mediated mitogenesis, vasoconstriction and 
tissue destruction in GCA respectively [9, 12]. 

The predominantly adventitial distribution of 
FRB macrophages was an unexpected finding 
and contrasted with ETB macrophages which 
localized to both the media and intima. This 
observation raises questions on how FRB mac-
rophages affect the resident fibroblasts in the 
unique microenvironment of the adventitia. In a 
recent in-vitro study, Zhang and colleagues 
demonstrated that LPS activated macrophages 
mediated inducible NO synthase signaling in 
the adventitial fibroblasts, thereby promoting 
myofibroblast and collagen production [31]. 
This provides proof of concept that if FRB mac-
rophages bind folic acid, the co-factor tetrahy-
drobiopterin can be recycled and used for NO 
production which can activate GCA adventitial 
fibroblasts to promote vascular remodeling. 
[32].

We demonstrated a trend towards higher FRB, 
ETB and CD68 expression in our GCA cohort 
versus controls but our results were limited by 
a small sample size and did not reach statisti-
cal significance. The retrospective design limit-
ed our FRB analysis to protein quantification in 
paraffin embedded blocks and will require fur-
ther validation with mRNA analysis in larger 
prospective studies. We demonstrated no cor-
relation with the severe complication of visual 
loss which is instructive in designing future 
studies to expand the spectrum of disease and 
include other ischemic complications. By estab-
lishing that FRB is present and restricted to 
GCA macrophages, we justify larger and pro-
spective studies to characterize the FRB mac-
rophage activation and assess its response to 
targeted approaches with folates, folate conju-
gates and antifolate drugs.

To date, this study is the first to demonstrate 
that FRB is present and limited to activated 
macrophages in GCA affected temporal arter-
ies. FRB levels correlated with other effector 
macrophages and present a potential putative 
target in the pathogenesis of GCA. 
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