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Abstract

Interleukin (IL)-17 (also known as IL-17A) is produced by activated T cells. It is a marker
cytokine of the Ty7 lineage. IL-17 production is induced in infections, autoimmune diseases and
other inflammatory events. 1L-17 is involved in host defense, but also inflammatory tissue
destruction. Vascular disease, mostly in the chronic form of atherosclerosis, is a leading cause of
death. While normal vessels harbor only few leukocytes, large numbers of both innate and
adaptive immune cells accumulate during vascular inflammation, both in chronic forms such as
atherosclerosis and in acute vasculitis. IL-17 has a role in chronic vascular inflammation of
atherosclerosis and possibly hypertensive vascular changes. In acute inflammation, IL-17 is
elevated and may be causally involved in the autoimmune vasculitides including vasculitis in
systemic lupus erythematodes. Blood vessels are important targets in alloimmune graft rejection
and a number of studies provide data on a role of 1L-17 in this context. This brief review
summarizes the currently available evidence for and putative mechanisms of action of IL-17 in
mouse models of and human vascular disease.
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Introduction

During vascular inflammation, in addition to changes in vascular endothelial and smooth
muscle cells, both innate and adaptive immune cells invade the vessel wall. Among them are
T cells, some of them producing interleukin (IL)-17. Vascular inflammation is a pathogenic
mechanism in atherosclerosis that accounts for a large proportion of global mortality [1].
Acute vascular inflammation is less common but acutely life-threatening in a number of
autoimmune conditions [2]. Allo-immune chronic and acute vascular inflammation is
pathogenically important in solid organ graft rejection [3]. It also occurs secondary to
intravascular events such as thrombosis or embolism.
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Leukocytes in the vascular wall

The normal vessel wall in arteries, where vascular inflammatory events are concentrated, is
a concentric structure with distinct layers that are separated by elastic laminae [3]. The
intima mainly consists of endothelial cells, smooth muscle cells are the predominant cell
type in the arterial tunica media and the adventitial layers contain large numbers of
fibroblasts and adipocytes (figure 1A). However, both innate and adaptive leukocytes
populate the vessel wall even under normal conditions (figure 1A). Normal human arteries
were analyzed for leukocyte contents in a series of carotid arteries from children killed in
accidents [4]. Dendritic cells as defined by CD1a, macrophages staining for CD68, mast
cells positive for tryptase and CD3* T cells were found in the intima of the carotid
bifurcation. In normal wild-type C57BI/6 mice, macrophages and T cells, as defined by
CD68 and CD3 expression, respectively, were found by confocal microscopy in the intima
of the ascending aorta [5]. They were concentrated in the lesser curvature, an area of non-
laminar flow that is prone to atherosclerosis development. Flow cytometry analysis of aortas
from normal C57BI/6 mice also revealed the presence of leukocytes, predominantly B and T
lymphocytes [6]. These two methods are complementary in vessel wall analysis as
immunostaining of histologic sections localizes the cells and flow cytometry of
enzymatically digested vessels allows to analyze multiple surface markers at the same time
and assess total cell numbers. Both methods suggest that leukocytes are an integral part of
the normal vessel wall.

During inflammation, leukocytes migrate into the vascular wall and their numbers greatly
increase [6,7]. In addition, proliferation of vascular leukocytes has been documented, in
atherosclerosis most prominently among vascular macrophages [8,9]. This occurs together
with alterations in smooth muscle, fibrous tissue and intimal layers that respond to
mechanical stress [10,11] and in chronic inflammation such as atherosclerotic lesion
formation [9,12]. The most detailed work on leukocyte populations in vascular inflammation
addresses atherosclerosis development [6,7,13]. In this condition, absolute numbers of all
leukocyte subsets increase, but the amount of macrophages grows most prominently and
they are the most abundant leukocyte in the atherosclerotic vessel [6]. This increase in
macrophage numbers in atheroslcerosis is due to both immigration and local proliferation
[8,9]. Aortic T cell numbers also increase during atherosclerosis development. In both mice
[14,15] and humans [16], T cells have been detected in the adventitia and in all regions of
the atherosclerotic plaque in intima and media.

The T cell cytokine IL-17, also known as IL-17A, has recently emerged as an important
mediator of host defense and autoimmunity [17,18]. While aTCR*CD4* T cells (Th17
cells) are the best-investigated source of IL-17A and prominent in settings of autoimmunity,
other cell-types such as ySTCR* cells, NK and NKT cells also produce IL-17 [17,18]. In
vitro, IL-17 production is induced by a combination of IL-6, IL-1, TGF-§ and its production
stabilized by IL-23 in mice and humans [19,20]. IL-17 elicits an array of effector
mechanisms, among them cytokine and chemokine production from epithelial and myeloid
cells, attracting innate immune effector cells such as neutrophils and monocytes [21].

The role of IL-17 in atherosclerosis

Development of atherosclerotic plaques is closely associated with immune cell invasion of
the vessel wall (figure 1B) [22]. T cells promote atherosclerotic lesion formation in a
number of models [13, 23]. Apolipoprotein E- deficient (Apoe™~) mice, a strain that
spontaneously develops atherosclerosis and is commonly used for atherosclerosis studies,
with severe combined immunodeficiency (SCID) or on recombinase activating gene (RAG)
deficient backgrounds developed smaller atherosclerotic lesions [24-26]. af TCR-deficient
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mice also developed smaller lesions [27] and injection of apTCR*CD4™" T cells into SCID
mice increased atherosclerotic lesion formation [26]. There is strong evidence supporting a
pro-atherogenic role of Ty cells, the T helper subtype characterized by the transcription
factor T-bet and secretion of interferon (IFN)-y. Mice were protected from atherosclerotic
lesion formation when IFN-y or T-bet were absent [28-31] and exogenous IFN-y enhanced
atherosclerotic lesion formation [32]. The role for Ty, cells characterized by IL-4 and IL-5
production in atherosclerotic lesion formation is equivocal [13, 23], but a protective role for
antiinflammatory regulatory T cells (Tyeg) is well established [33-35].

Recent publications have begun to address the role of IL-17 and IL-17-producing T cells in
atherosclerosis. Eid and colleagues studied circulating IL-17 in matched healthy controls
and patients with coronary artery disease and in coronary arteries from explanted hearts or
cadaveric donor organs [36]. Among coronary artery infiltrating T cells, IL-17-producing T
cells were observed, although tenfold less anbundant than IFN-y producers. Circulating
IL-17 levels spanned a wide range and were non-detectable in a large proportion of patients
and controls (detection limit of the sandwich ELISA used was 7.8 pg/ml). The proportion of
individuals with detectable serum IL-17 was significantly elevated in coronary artery disease
patients compared to healthy young laboratory workers, but not age-matched control
patients without coronary artery disease. IL-17 levels did not correlate with disease extent.
Taleb et al. [37] found IL-17 positive cells in the media of wild-type mice and around the
media-adventitial junction of human arteries with early atherosclerotic lesions. Relatively
more IL-17 was found in regions with few macrophages and high contents of smooth muscle
cells and fibrous tissue.

In aged Apoe ™~ mice (40-55 week old), IL-17 serum levels were higher than in C57/BI6
controls and IL-17 mRNA was 100 fold increased in the aorta [38]. IL-17 expressing T cells
were found in the atherosclerotic aortas of aged Apoe ™~ mice [38]. When Apoe™~ mice
were treated with an oral anti-CD3 antibody that induced regulatory T cells and reduced
atherosclerotic lesion formation by approximately 30 %, IL-17 and other inflammatory
cytokine production in splenic lymphocytes was decreased [35].

Van Es et al. were the first to perform a mechanistic study into the role of IL-17 in
atherosclerosis [39]. The authors transplanted LDL-receptor deficient (LdIr~=) mice,
another commonly used model for atherosclerosis that depends on dietary lipid uptake, with
either wild-type or IL-17 receptor A deficient bone marrow to investigate the role of IL-17
signaling on bone marrow derived cells in the development of atherosclerotic lesions. Bone
marrow reconstitution was effective as suggested by approximately 90% reduction in IL-17
receptor positive peripheral blood mononuclear cells (PBMCs) in mice receiving 1L-17
receptor deficient bone marrow. IL-17 receptor deficiency of the bone marrow compartment
resulted in a 46% decrease in aortic root atherosclerotic lesion size after twelve weeks on a
diet containing 0.25% cholesterol and 15% cocoa butter. No significant differences in body
weight or blood cholesterol levels were observed. Histologic analysis of the smaller lesions
of the mice transplanted with IL-17 receptor deficient bone marrow revealed no change in
relative collagen or neutrophil content but a slight increase in relative macrophage content
and an approximately 40% decrease in lesional mast cells. PBMCs and splenocytes from
mice that had received IL-17 receptor deficient bone marrow stimulated with anti-CD3 and
anti-CD28 secreted significantly less IL-6 and slightly more 1L-10, suggesting that the level
of systemic inflammation was reduced by removing IL-17 receptor from bone marrow-
derived cells.

In another study, Apoe ™'~ mice maintained on chow diet received weekly intra-peritoneal
injections of an anti-1L-17 or control antibody for 12 weeks [40]. Atherosclerosis and
inflammatory parameters were analyzed at 20 weeks of age. No significant differences in
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body weight or blood cholesterol levels were observed. IL-17 concentrations in serum at 20
weeks as determined by ELISA were lower in the anti-IL-17 treated group (41 versus 174
pa/ml), however, it is unclear whether the blocking antibody treatment interferes with 1L-17
detection by ELISA. Relatively high serum IL-17 values (155 pg/ml) were observed at the
start of the experiment at 8 weeks of age. Serum 1gG or IgM against oxidized LDL, which
are commonly observed in atherosclerosis remained unchanged. The relative frequencies of
splenic CD3* T cells, IFN-y and Foxp3*CD4* cells were decreased but IL-4 and IL-10
MRNA expression in the spleen was increased. Aortic root lesions were approximately 50%
smaller in anti-1L-17 treated mice. The relative collagen contents and vascular smooth
muscle cell contents of the fibrous cap were increased by anti-IL17A treatment as were
vascular cell adhesion molecule (VCAM-1) positive cells. Less macrophages (MAC-2%), T
cells (CD3*) and apoptotic cells (TUNEL™) cells found in the lesion area of treated mice. A
number of inflammatory cytokines were reduced on mRNA level in the aorta. High doses of
IL-17 had pro-inflammatory effects on cultured endothelial and smooth muscle cells, but the
relevance of these findings to the in vivo situation was not explored.

Blockade of IL-17 signaling in Apoe ™'~ mice by adenoviral expression of soluble IL-17
receptor was investigated by Smith and colleagues [38]. Animals were injected with
adenovirus expressing a soluble decoy IL-17 receptor A or control adenovirus at 4, 42 and
104 days of age. The presence of soluble IL-17 receptor was detected in plasma 7 days after
virus injection. After 15 weeks on high fat diet, aortic en face lesion size was about 50%
smaller in mice treated with the soluble IL-17 receptor compared to control virus treated
mice. Plasma IL-6 and G-CSF, but nor IL-17F or IFN-y levels were reduced in treated mice.
Aortic macrophage infiltration as analyzed by immuno-histochemistry with anti Mac-2 and
aortic CXCL1 expressionwere reduced. To test whether or not IL-17 mediated monocyte
migration to the aorta, explanted aortas from 25-30 week old Apoe ~mice were treated with
10 ng/ml IL-17 overnight and fluorescently labeled monocytes were added. Adherent cells
were counted after washing after 1h of co-incubation. IL-17 increased the number of
adhering cells to about 1.7 fold suggesting that IL-17 might act by increasing monocyte
recruitment to the aorta.

In contrast to these three reports that suggest a pro-atherogenic role for 1L-17, the results
published by Taleb et al. [37] propose an atheroprotective role. Setting out to investigate the
role of suppressor of cytokine signaling (SOCS)3 in atherosclerosis, they used LdIr~~ mice
transplanted with either SOCS3 deficient or wild type bone marrow. Mice that received
SOCS3 deficient bone marrow had approximately 50% smaller aortic root lesions. This was
associated with an increase in 1L-17, but also IL-10. Anti-I1L-17 treatment by intra-peritoneal
antibody injection for six weeks increased atherosclerotic lesion size in SOCS3 deficient
compared to wild-type mice, but did not change lesion size in wild-type mice. To test for an
IL-17 effect in wild-type mice, recombinant IL-17 was injected into Ldlr~/~ mice treated for
six weeks with a high fat diet. This decreased the aortic root lesion size by approximately
30% in both 17 and 12 week old female LdIr~/~mice. The number of CD3* cells observed
per histologic section in intima and adventitia was lower in IL-17 treated than control serum
albumin treated mice. Also, less VCAM-1 expression was observed on endothelial cells of
IL-17 treated mice. In vitro, IL-1-induced VCAM-1 expression was reduced by IL-17
studied by western blot.

Given the problems of exogenous administration of IL-17, blocking anitbodies or soluble
receptor that could possibly contain other active ingredients, it is interesting that very
recently atherosclerotic lesion formation in Apoe™~1117a~/~ mice has been reported in
abstract form. Two independent groups found an approximately 25% reduction of en face
aortic atherosclerotic lesion size (Madhur, Harrison, Experimental Biology 2010, abstract
no. 589.8, Butcher, Galkina, American Association of Immunologists, 2010, abstract no.
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34.8). The reduction in lesion size was sustained when the Apoe™~1117a~/~ mice were
treated with angiotensin, suggesting IL-17 as a pro-atherogenic mediator downstream of
angiotensin (Madhur, Harrison, Exp. Biology 2010).

An explanation for the controversial findings on IL-17 effects on atherosclerotic lesion size
is not obvious at the moment. Erbel et al. and Smith et al. used Apoe ™~ mice and Taleb and
colleagues who at the moment are the only group to find atheroprotective effects of 1L-17,
LdIr~~ mice, but van Es et al. also used Ldlr~~ mice in their study that found that IL-17
receptor signaling was a pro-atherogenic event. Smith and van Es investigated blocking of
the IL-17 receptor A, which is also required for signaling of another IL-17 isoform, IL-17F
and heterodimers of IL-17A and F [17,18]. However, Erbel as well as Taleb specifically
investigated the effects of IL-17A by antibody and protein injections, respectively. The same
applies to the preliminary results from the studies on Apoe~1117a~/~ mice published in
abstract form. At present, although the experimental designs of blocking or substituting
IL-17 were different in the published studies, a mechanistic explanation for the
discrepancies remains to be defined. Also, the evidence of IL-17 effects on downstream
mediators of atherosclerotic plaque formation such as endothelial cells, monocytes or
smooth muscle cells is mostly derived from in vitro experiments.

Aortic aneurysms are an important complication of atherosclerosis. The diseased arterial
wall contains different types of inflammatory leukocytes. An imbalance of T cell cytokines
favoring an increase in Ty and a decrease in Ty cytokines, especially IFN-y was described
in aneurysm formation [41]. Ty, and Tyy7 cells can influence each other’s differentiation by
inducing IFN-y and induction of IL-6 [42] and therefore might have a role in this process.
Two abstracts presented at Experimental Biology 2010 suggest a role for IL-17 in aortic
aneurysm formation. Xiong and co-workers (No 751.6) found less IL-17 and also less of the
Twa17 stabilizing cytokine IL-23 in aneurysms than in the normal aorta. Mice deficient in the
IL-23 specific p19 subunit developed larger aneurysms than controls, suggesting a
protective function of IL-17 against aneurysm formation. Along the same lines, Madhur and
colleagues (No. 589.9) reported more abdominal aneurysm rupture and death in angiotensin-
infused Apoe~/~1117a~/~ than Apoe ™/~ controls after 4 weeks on high fat diet. While details
of these pathologic processes, especially concerning potential compensatory up-regulation
of other cytokines in this setting remain to be investigated, the data suggest that IL-17 is
involved in and possibly protects against aortic aneurysm progression.

Acute coronary syndrome and other thrombotic events

Plaque rupture and thrombosis are major complications of atherosclerotic disease, leading to
acute vascular occlusion or distal embolism. In 10 patients with the acute coronary
syndrome, circulating IL-17 levels were elevated compared to subjects with stable angina
and healthy controls (8 versus 2.5 pg/ml, figure 2) [43]. These levels are very close to the
detection limit of most assays. No other data on I1L-17 in vascular thrombosis, embolism or
stroke are available at the moment.

Also, there is currently no evidence for a role of IL-17 in venous thrombosis, thrombotic
thrombocytopenic purpura or the hemolytic uremic syndrome. A non-significant elevation of
plasma IL-17 was found in a cohort of 29 patients with immune thrombocytopenic purpura
[44].

Hypertension-induced vascular damage

The adaptive immune system is increasingly recognized to play a role in hypertension-
induced vascular damage [45-47].
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Madhur [48] investigated aortic IL-17 production in C57BI/6 and I1L-17 deficient mice
during angiotensin-I1-induced hypertension. IL-17 production from isolated T cells was
increased in angiotensin-I1-treated animals. Mean blood pressures were lower in IL-17
deficient mice. Leukocytes were analyzed in aortic digests by flow cytometry, albeit without
gating out dead cells. The number of all aortic CD45* leukocytes and CD3* T cells was
increased by angiotensin Il in wild type mice. This increase was absent in IL-17 deficient
mice, arguing for a role of IL-17 in accumulation of all leukocytes including T cells during
hypertensive vascular remodeling. A role for angiotensin in inducing IL-17 production was
also suggested by inhibition of angiotensin converting enzyme (ACE) in neuro-
inflammation in experimental autoimmune encephalitis [49]. Here, ACE inhibition
decreased generation of IL-17-producing T cells and disease severity.

Aldosterone is a major downstream effector of the angiotensin pathway. Aldosterone-treated
dendritic cells displayed an enhanced capacity for induction of IL-17 in CD4* T cells [50],
thus providing a plausible mechanistic link between angiotensin and IL-17 production. It
remains to be determined how IL-17 increases aortic leukocyte recruitment in response to
angiotensin and/or aldosterone. IL-17 may directly act chemotactic for other leukocytes, but
also on vascular smooth muscle cells, thereby increasing blood pressure and increase
leukocyte accumulation downstream in this pathway. To investigate this, IL-17 (100 ng/ml)
was added to cultured TNF-a stimulated human aortic smooth muscle cells and analyzed by
gene array [48]. A multitude of genes were differentially regulated by this regimen but only
VCAM-down-regulation was confirmed by real time PCR. Clearly, more functional data and
mechanisms are needed in this field.

In 94 human subjects with arterial hypertension, circulating IL-17 levels was significantly
higher (7.1 pg/ml, figure 2) than in normotensive individuals (n=18, 2.2 pg/ml) [48].
Smoking and male sex were also positively correlated with IL-17 levels.

IL-17 in primary vasculitis

Primary vasculitides are systemic autoimmune disorders classified according to the size of
the smallest vessels involved [51].

Large vessels

Large vessel arteriitides are giant cell arteriitis (GCA, also termed temporal arteriitis or
Horton’s disease) and Takayasu arteriitis [52].

Deng and co-workers investigated peripheral blood and temporal artery T cells in patients
with GCA [53]. The frequency of IL-17 producing T cells in peripheral blood and I1L-17
(and IFN-y) plasma levels (given as relative values) were elevated in patients with GCA.
Interestingly, treatment with gluco-corticoids selectively decreased IL-17, but not IFN-y
plasma levels and T17, but not Tq or FOXP3™ cells in patient blood. Similar changes were
seen in diseased human arteries transferred into SCID mice. Steroid treatment decreased
IL-1B, IL-6 and IL-12 concentrations in patient’s plasma and mRNA in PBMCs and
temporal artery biopsies. The authors conclude that lack of T1-response may be the reason
for reactivation of the disease after cessation of steroid treatment. However, data on Ty and
TH17 cells after cessation of treatment were not shown, and it is therefore not clear whether
TH17 cells recover after cessation of treatment. Alternatively, the prominent T17 response
might alternatively reflect a higher susceptibility of T17 to steroids, possibly due to
stronger activation and/or proliferation. This may suggest a role of IL-17 in the development
of GCA.
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Involvement of IL-17 in Takayasu arteriitis was recently reported in abstract form by the
same group (Deng et al., ATVB San Francisco 2010). Circulating 1L-17 and IL-17
producing T cells were elevated in a group of 9 patients. IL-17 producing cells accumulated
in the diseased aorta.

Medium size vessels

IL-17 serum concentrations were significantly elevated in a cohort of 30 patients with active
Kawasaki disease (25 pg/ml, figure 2) compared to healthy controls (2 pg /ml). Patients with
active disease had remarkably higher IL-17 levels (84 pg/ml) than those with sub-acute
disease (6 pg /ml) [54]. There are currently no published data on IL-17 in polyarteriitis
nodosa, the other idiopathic form of medium vessel vasculitis without muco-cutaneous
lymph-node syndrome.

Small vessels

Primary small vessel vasculitides are subdivided depending on paucity or abundance of
immune complexes (figure 1C) [2]. Pauci-immune small vessel vasculitides often are
associated with antineutrophil-cytoplasmic antibodies (ANCA).

Serum IL-17 was markedly elevated to 700 pg/ml in a group of 28 patients with acute
ANCA vasculitis (figure 2) [55]. In patients in early remission, IL-17 levels ranged still
about 50 pg/ml. The frequency of circulating IL-17 producing CD4* T cells was increased in
two cohorts of patients with Wegener’s granulomatosis compared to healthy controls
[55,56]. Disease severity correlated with the concentration of the IL-17 promoting cytokine
IL-23, but not IL-17 itself [55].

In a cohort of 14 patients with active and 21 with inactive Churg-Strauss syndrome, the
frequency of IL-17-producing CD4* T cells in peripheral blood was elevated in active
versus inactive disease [57]. IL-17 levels in patients with inactive disease were not
statistically different from control subjects.

Systemic lupus erythematodes (SLE)

The role of IL-17 in SLE that often involves vascular inflammation has recently been
reviewed [58,59]. The frequency of IL-17-producing CD4* T cells was elevated in blood in
a cohort of 25 patients with SLE [60]. There was a correlation of the number of 1L-17
producers with disease severity and a trend towards correlation with renal involvement. SLE
patients have a population of CD3*CD4-CD8™ IL-17 producing cells [60,61], similar to
what has been seen in reactively IL-17 overproducing [62] and lupus prone MRL/Ipr mice
[63]. IL-17 producing T cells infiltrate the kidney of lupus prone MRL/Ipr mice during
development of the disease and were capable of transferring the disease to RAG-17/~ mice
when treated with 1L-23 in vitro [63]. However, the mechanism by which IL-17 promotes
vascular inflammation in SLE or animal models of the disease is currently not known.

Other antibody-mediated vasculitis syndromes

Henoch-Schoenlein purpura and IgA nephropathy are characterized by deposition of IgA in
the vessel wall of small to medium sized vessels [2]. IL-17 production was increased in
PBMC:s isolated from patients with IgA nephropathy, even more so if they suffered from
nephrotic syndrome [64].

A number of recent reports demonstrated a role of IL-17 and IL-23 in different mouse
models of vascular inflammation involving immunoglobulin deposition in the small vessels
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of the renal glomerulum. Paust and colleagues investigated nephrotoxic nephritis induced by
sheep serum. Both IL-17 and 1L-23 deficiency decreased renal inflammation [65].
Deficiency in either IL-23 subunit (p40 or p19) was protective in anti-glomerular basement
antibody induced glomerulonephritis [66]. Mice deficient in either IL-23 subunit produced
less IL-17, less Ty, cytokines and less antibodies in the spleen. The renal interstitial
macrophage and CD4" and CD8™ T cell infiltrate was smaller [66]. To investigate the effect
of Ty versus Tyy7 cells in glomerular inflammation, Summers and co-workers adoptively
transferred Tw; and Tp17 directed against ovalbumin to Ragl~'~mice, with ovalbumin
planted to the glomerular basement membrane [67]. Both Ty, and Ty17 transfer induced
disease in a similar percentage of glomeruli. Ty transfer predominantly attracted
macrophages, Ty17 transfer neutrophils. However, more severe histological damage was
seen with Ty, than Tq7 transfer and on day three, renal function was worse in Tyy1-
transferred mice. Gan and colleagues studied glomerulonephritis in IL-17 deficient mice.
MPO-immunized mice in which glomerulonephritis was induced by anti-glomerular
basement membrane antibodies were protected when IL-17 was absent [68]. Gr1* neutrophil
and CD68* macrophage recruitment was reduced as assessed by histology.

Cryoglobulinemic vasculitis is due to a B cell proliferative disorder, more than 90% of
patients are infected with the hepatitis C virus [69]. There are currently no reports on IL-17
involvement in secondary vasculitis due to cryoglobulins. However, Antonelli and
coworkers reported elevated levels of the IL-17-inducing cytokines IL-6 and IL-1p in 43
patients with chronic HCV and mixed cryoglobulinemia compared to HCV infected patients
without cryoglobulinemia and healthy controls. [70] This may indicate IL-17 involvement in
this disease and merits further investigation.

Other vascular disease

IL-17 is involved in sustained host-response to infection with Mycobacterium tuberculosis
that can lead to vascular disease, specifically in the media of large vessels. No currently
published data investigate its role in tuberculous vascular disease [71].

Systemic sclerosis is among the rheumatic diseases associated with and increased incidence
of atherosclerosis [72]. Systemic IL-17 was decreased in a cohort of 444 scleroderma
patients [73]. The number of Ty17 cells in bronchoalveolar lavage fluid was not different
from healthy controls in a small study [74].

The role of IL-17 in allo-immune vascular inflammation

Rejection of solid organ allograft is characterized by vascular pathology, both during acute
rejection and chronically in transplant vasculopathy (figure 1D) [3, 75-77]. Acute vascular
rejection of mismatched renal allografts was accompanied by elevated graft IL-17 in rats
[78]. IL-17 protein was detected in kidneys and IL-17 mRNA in urinary mononuclear cells
in human borderline changed rejected kidney allografts according to the Banff classification,
but not allografts without acute rejection [78]. In a mouse model of thoracic aorta allograft
rejection, application of a soluble I1L-17-receptor-A-Fc-fusion protein decreased
mononuclear infiltration and endothelial damage and normalized medial alpha smooth
muscle actin expression on day seven. However, on day 30 no benefit of treatment was seen
[79]. In a study of mismatched cardiac allograft rejection in mice deficient in the Ty,
transcription factor T-bet, accelerated rejection correlated with an increase in IL-17
production and the related cytokines IL-6 and IL-12p40 [42]. Rejection was dependent on
CD4", but not CD8™ cells. Histology was characterized by a mostly neutrophilic vascular
infiltration.

Cytokine Growth Factor Rev. Author manuscript; available in PMC 2011 December 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

von Vietinghoff and Ley Page 9

Summary

Chronic vascular rejection is defined as stenosis of vessels (particularly arteries and
arterioles) due to progressive immune mediated host response to graft blood vessels [75].
CD4" cells have been implicated in its progression before the advent of T7 cells [75].
IFN-y was considered the predominant T cell cytokine, macrophages and CD8* cytolytic
lymphocytes as main effector cells. In IL-17-deficient mice, graft coronary artery disease
after heterotopic cardiac transplantations was reduced after 52 days. Most cardiac IL-17
production was in y3-T cells according to flow-cytometry after intracellular staining [80].
Also, IL-17-deficient mice failed to develop cardiac fibrosis fifty days after mismatched
organ transfer, often considered a secondary event to allograft vasculopathy [81].

In searching for a mechanism for this finding, Antonysamy and colleagues investigated
generation of bone marrow dendritic cells and found that IL-17 induced CD11c expression
during differentiation and enhanced their capacity to induce T cell proliferation [82]. In a
chimeric model of human epicardial artery transplantation into SCID mice and transfer of
human PBMCs, anti-IL-17 treatment decreased arterial IL-6, CXCL-8 and CCL20
expression. It did not decrease total T cell number but CCR6* T cell accumulation, a
receptor that is important for T17 homing [83].

A large body of data demonstrates an increase of systemic and local IL-17 production in
vascular disease both in humans and mouse models of disease. This comprises the
autoimmune primary vasculitides, allo-immune vasculopathy and chronic vascular
inflammation in atherosclerosis. However, the mechanistic links between IL-17 production
and vascular inflammation remain to be determined in more detail. The incidence of
atherosclerosis is increased in a number of autoimmune disease such as idiopathic vasculitis
[84], rheumatoid arthritis and SLE [72] and it is tempting to speculate about IL-17 as a
possible link between autoimmune disease and atherosclerosis, however, experimental
evidence remains to be established.
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Figure 1. Leukocytes in the arterial wall in health and disease

The arterial wall is organized in intimal, medial and adventitial layers divided by elastic
laminae. Endothelial cells (EC) line the vascular lumen, smooth muscle cells (SC) are most
abundant in the medial, muscular layer and the adventitial layer contains large numbers of
fibroblasts and adipose tissue. Lymphocytes (Ly), macrophages (Mph) and dendritic cells
(DC) have been demonstrated in normal mouse and human arteries (A)[4—6]. The most
striking find in atherosclerosis is lipid uptake and foam cell formation in the plaque area of
the neo-intima but also other regions of the vessel (B). ANCA associated small vessel
vasculitis is characterized by fibrinoid necrosis (FN), intravascular thrombus formation and
both myeloid and lymphoid cell invasion (C). Transplant vasculopathy invovives multiple
changes, the chronic form most prominently involves concentric stenosis and vascular
muscular hypertrophy and fibrosis as well as lipid deposition (D).
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Figure 2. Systemic Interleukin 17 levels in patients with vascular disease

Circulating IL-17 levels were elevated in a small group of patients with the acute coronary
syndrome (ACS) [43]. Circulating levels were also elevated in hypertensive subjects
(arterial hypertension, AHT)[48]. Among the acute vasculitides, IL-17 levels were elevated
in acute and subacute Kawasaki disease [54] and ANCA vasculitis (acute and early
remission) [55].
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