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Abstract: Research on leukocytoclastic vasculitis (LcV) provides
insights into mechanisms of antibody-mediated immune responses
as well as into the complex process of neutrophil transmigration.
Clinical observations on immune complex vasculitis have revealed
that adult patients with IgA containing immune complexes
[Henoch—Schoenlein purpura (HSP)] have a higher rate of severe
complications than children with HSP or adult patients with IgG
or IgM containing immune complexes. This has direct impact on
classification and management of vasculitis and warrants further
studies on pathophysiology of IgA and on aberrant glycosylation
of IgA1 associated with renal involvement.

In order to dissect the pathomechanisms specific for LcV, we have
been comparing different mouse models of LcV with a non-
vasculitic, acute inflammation (i.e. irritant contact dermatitis). We

found that one characteristic constellation in the vasculitis models
encompasses interference with both normal transmigration and
activation of neutrophils. Toxic products released by activated
neutrophils have the potential to damage endothelial cells.
However, one still needs to reveal how exactly they exert such
damaging effects during diapedesis in vivo, considering the short
contacts between neutrophils and endothelial cells.

This review shows that research on LcV is embedded in an
exciting context revealing special features of transmigration and
antibody-mediated immune responses.
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Introduction

Vasculitis, including small vessel vasculitis, encompasses a
group of diseases which provide excitement to several
people: worried excitement to patients or physicians and
scientific excitement to researchers. Dealing with vasculitis
means dealing with several different pathophysiological
mechanisms and a fairly wide clinical spectrum. Luckily
for many patients and physicians, the most frequent
form, i.e. small vessel vasculitis caused by immune com-
plexes, usually runs a favourable course, albeit it has the
potential to result in major chronic illness. Anti-neutro-
phil cytoplasmic antibody (ANCA)-associated small vessel
vasculitis, which involves a complex, autoimmune
response, has a more severe and sometimes fatal course.
Small vessel vasculitis with coagulopathy in bacteremia
also has a serious prognosis because of the reactions asso-
ciated with sepsis, but needs to be distinguished from
small vessel vasculitides caused by direct infection of
endothelial cells with a clinical spectrum reaching from
major discomfort in African tick bite fever (1) to severe

disease in Rocky Mountain spotted fever or epidemic
typhus (2).

The therapies established for the serious, so-called ANCA-
positive vasculitis so far are broadly immunosuppressive and
thus not very specific, but they are at least based on con-
trolled clinical studies (3,4). Treatments for immune com-
plex-mediated, leukocytoclastic vasculitis (LcV) so far are
neither specific nor strictly evidence-based (4,5). There is a
thrilling hope that revelation of specific pathophysiological
mechanisms will lead to the design of specific therapeutic
measures in the different forms of vasculitis.

This article will focus on how unravelling pathophysiolog-
ical mechanisms of vasculitis may contribute to (1) clinically
useful modification of classification; and (2) appreciation of
special features of IgA and of diapedesis of neutrophils.

Clinically useful classification of vasculitis cannot
ignore pathophysiology

Dermatologists are somewhat privileged in the field of
vasculitis, because most forms of vasculitis present with
cutaneous lesions where their development is directly
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accessible to the eye and the biopsy punch. In contrast,
vasculitic lesions in other organs (e.g. kidneys, intestine,
central nervous system) are more difficult to detect, to be
followed over time and to be preserved for research.

Classification of vasculitis is needed ‘to provide a stan-
dard way to [...] describe groups of patients in therapeutic
or epidemiologic studies’ (6), but also to sharpen our
understanding of the different courses of vasculitis, and to
guide diagnostic and therapeutic efforts (5). Oddly, the
committee of the American College of Rheumatology
(ACR) (6) and members of the Chapel Hill Consensus con-
ference (CHCC) (7) (Table 1) had not exploited the privi-
leged experience of a dermatologist when they convened
for classification of vasculitis.

IgA- versus IgG/IgM-positive immune complexes
The classifications of both the ACR and the CHCC have
their undisputed merits as they established the size of the
involved vessels as a primary criterion and as they included
histopathological besides clinical features. However, they
have remained somewhat incomplete in properly classifying
or subdividing vasculitis of small vessels (LcV), which is
the most common form (8-10).

For example, in immune complex-mediated vasculitis
they have not differentiated LcV in adults from that in
children, and while CHCC did not distinguish between the
immunoglobulin classes of deposited immune complexes
[IgA versus 1gG/IgM (Fig. 1)], the ACR ignored this crite-
rion completely. We and others have revealed that such
distinctions are clinically and scientifically relevant, because
(i) IgA-associated LcV [Henoch—Schonlein purpura] (HSP)
of adult age has a higher rate of severe complications than
HSP in children (11), and (ii) IgA-associated LcV (HSP) in
both age groups has a significantly higher rate of systemic
involvement (occurring usually within 6 months) than LcV
associated with IgG or IgM containing immune complexes
(12-14) (own unpublished analysis).

Vasculitis caused by IgG or IgM containing immune
complexes was probably meant when the CHCC coined the
term ‘cutaneous leukocytoclastic angiitis’ and introduced
it as one entity besides HSP and cryoglobulinaemic vas-
culitis (7). As this term implies exclusive localization of
vasculitis to the skin, it would mean that only IgA-positive
vasculitis, but not I1gG- or IgM-positive vasculitis, has sys-
temic involvement such as arthralgias, glomerulonephritis
or abdominal complaints (7,12). Although exclusive restric-
tion of vasculitis to one organ has also been assumed to
occur in the kidney or in the central nervous system, this
assumption is worth a challenge. The reasons are: (i) the
major cause for ‘cutaneous leukocytoclastic angiitis’ are
immune complexes which circulate in the whole and not
only cutaneous vasculature, (i) the apparent absence of
systemic laboratory or clinical signs (e.g. abdominal pain)

does not rule out systemic involvement, because the signs
may remain undetected due to the short duration or low
sensitivity of the diagnostic procedures (e.g. falsely negative
haemoccult), and (iii) there are only few studies yet which
have addressed this hypothesis. A retrospective study which
has shown systemic involvement in few, but some patients
with hypersensitivity vasculitis (14,15) used the ACR crite-
ria and, therefore, did not include IgA as a criterion. It is
probably undisputed that there is IgG-positive vasculitis
with glomerulonephritis in systemic lupus erythematosus
(SLE), but the CHCC and ACR have considered this as sec-
ondary vasculitis and not included it in their classification.
We have seen patients without SLE, but with IgG- or IgM-
positive vasculitis and with renal involvement, however,
these and more cases need to be worked-up carefully in
order to show that the term ‘cutaneous leucocytoclastic
angiitis’ is too narrow and should perhaps be abandoned.

Vice versa, not all cases of [gA-positive immune complex
vasculitis present with systemic symptoms (15-17), but this
is probably part of the spectrum of HSP. There are autoim-
mune diseases and other conditions, where IgA is detected
along the vessel wall, but not necessarily within immune
complexes and without causing true vasculitis (17,18).

The clinical consequences are: (1) IgA has to be looked
for by immunohistochemistry at least in adults (Fig. 1), (2)
HSP of adult age has to be followed for at least 6 months;
(3) as long as it has not been confirmed that ‘cutaneous
leucocytoclastic angiitis’ really remains restricted to the
skin, the clinician is well advised to watch for signs of sys-
temic disease (e.g. at least perform urine analysis) in
patients diagnosed with cutaneous leukocytoclastic angiitis,
but not HSP (5).

Another consequence would be to integrate further
pathophysiological aspects in the classification of vasculi-
tis. We have tried to do so for small vessel vasculitis
(Table 1) by modifying and supplementing the CHCC
classification. A revision is currently attempted by mem-
bers of European League against Rheumatism (EULAR) in
cooperation with the ACR and members of the CHCC
(this time with the participation of additional fields such
as dermatology).

Another group of diseases with extravasation of erythro-
cytes is a heterogeneous group encompassing Degos disease
and purpura pigmentosa progressive (capillaritis). They
often present with lymphocytic infiltrates around and
sometimes within the vessel walls. Only the latter would
deserve the term vasculitis, so Degos disease with its even-
tually fatal gastrointestinal infarctions may well present a
form of small vessel vasculitis. The same may apply for vas-
culitides with lymphocytic infiltrates sometimes observed in
SLE. Yet, more accurate definitions are needed for their
classification. In contrast, no primary vessel damage could
be detected in the spectrum of so-called lymphocytic vascu-
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Table 1. Classification of vasculitis

Vessels predominantly or exclusively involved Vasculitis

Takayasu's arteritis
Giant cell arteritis (e.g. temporal arteritis)
Polyarteritis nodosa group
— Classic (systemic) PAN
— Cutaneous (or single organ-restricted) PAN (without visceral involvement)
— Kawasaki syndrome/infantile PAN
Nodose vasculitis in panniculitis
Erythema induratum Bazin (in association with Mycobacterium tuberculosis)
Nodose vasculitis (no detection of M. tuberculosis)
Erythema nodosum leprosum
Systemic ANCA-associated vasculitis [involving also medium-sized vessels
such as small arteries, but mostly small vessels (49)]
— Microscopic polyangiitis
Renal limited form of MPA: pauci-immune glomerulonephritis1
Mediated by or associated with ANCA against myeloperoxidase
— Churg-Strauss syndrome
— Wegener granulomatosis
Associated with ANCA against proteinase 3 and granulomas
Immune complex-associated vasculitis (most common form of LcV)
(Immune complex-mediated damage of vessel wall as main pathogenic factor) for LcV
— LcV with predominantly perivascular deposition of IgA-containing immune
complexes [Henoch-Schoénlein Purpura (HSP)]
HSP of children (<20 years of age)
— Haemorrhagic oedema of childhood (<2 years)
— HSP of adult age (>20 years of age)
— LcV without deposition of IgA- (rather IgG or/IgM)-containing immune
complexes(hypersensitivity vasculitis, necrotizing or allergic vasculitis)
— Cutaneous LcV (without apparent systemic involvement)
— lgG/IgM-associated LcV with systemic involvement (not contained in CHCC)
— Serum-sickness
Immune complex-mediated damage of vessel wall as major, but not the only pathogenic factor
— Cryoglobulinaemic vasculitis (intravascular gelation in the cold in addition
to immune complex-mediated damage)
— Urticarial vasculitis (factors causing urticae and/or disturbances in complement
in addition to immune complex-mediated damage of vessel wall)
— Normocomplementemic urticarial vasculitis
— Hypocomplementemic urticarial vasculitis
— Syndrome of hypocomplementemic urticarial vasculitis
Complex forms of LcV (immune complexes may be present, but other major pathogenic
factors come into effect) (deliberately excluded by CHCC as own entities)
— LcV in conjunction with connective tissue disease (Sjégrens’ syndrome, SLE, RA)
— Acral LcV and vasculopathy in SLE
— LcV in conjunction with neutrophilic dermatosis in M. Behcet
— Erythema elevatum et diutinum
— Granuloma faciale
Vasculitis combined with coagulopathy (these infection-induced vasculitides are deliberately
excluded by CHCC)
Bacteremia, sepsis, pupura fulminans (Shwartzman-reaction)
Vasculitis due to direct infection of endothelial cells (deliberately excluded by
CHCC as own entities)
E.g. infection with Rickettsiae, Parvovirus B19

Aorta and branching vessels

Medium-sized blood vessels (medium-sized
and small arteries and veins)

Small-sized blood vessels (postcapillary venules,
arterioles, rarely capillaries) (12,13,26)

This Classification of vasculitis follows the CHCC (7), but in addition, has subdivided small vessel vasculitis according to pathophysiological mecha-
nisms, thus introducing the term, ‘immune-complex-vasculitis’ and subsumizing urticarial and cryoglobulinaemic vasculitis. The CHCC also does
not contain the subgroups ‘cutaneous PAN or PAN restricted to single organs’ neither ‘Erythema induratum Bazin’ or ‘nodose vasculitis’; which,
however, are true vasculitides with panniculitis. The CHCC may have considered them as infection-related vasculitis. The CHCC has excluded
forms of drug-induced and infection-induced vasculitis, which is probably appropriate for ANCA-associated vasculitides, but not so much for PSH
or other immune-complex vasculitides, because these conditions are the major cause for immune complexes.

Currently, the European League against Rheumatism (EULAR) in cooperation with the ACR and members of the CHCC has started to revise classification of vasculitis;
C.S. is one of the participants.

litides, so vasculitis may not be the direct reason for extra-
vasation of erythrocytes in these conditions.

Harmful effects of IgA
The reasons why IgA containing immune complexes are
more harmful than non-IgA containing complexes and why

they are more prevalent in childhood diseases (see also IgA
pemphigus) have not fully been elaborated. Yet, it is
known, that IgA does not stimulate the classical, but only
the alternative pathway of complement activation. This
entails reduced removal of IgA-containing immune com-
plexes via complement receptor 1 on erythrocytes to the
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Figure 1. Perivascular deposition of IgA in a patient with Henoch—
Schoéenlein purpura, revealed by direct immunofluorescene (photograph
kindly provided by Prof. S. Stander, Munster).

liver. IgAl found in the circulation and in glomerular
deposits of HSP patients with nephritis is aberrantly gly-
cosylated, similarly as in patients with IgA nephropathy
(the hinge-region O-linked glycans are galactose-deficient)
(19,20). Such an aberrancy exposes N-acetylgalactosamine-
containing neo-epitopes to naturally occurring IgG or IgAl
antibodies, enabling the formation of larger immune com-
plexes (19-22). Such complexes with abnormal O-glycosyl-
ation of IgA1 were only found in HSP patients with renal
involvement, not without it (23). They were able to directly
stimulate proliferation of human mesangial cells in vitro
(21), which could be one reason for their harmful effects.

The question arises, what leads to abnormal glycosyla-
tion. IgAl deposited in the mesangium does not appear
to be the dimeric form generated in the mucosa and so
it rather derives from a small population of B cells in
bone marrow (24,25). However, the enzyme activity and
gene expression of specific glycosyltransferases in purified
B cells has recently been shown not to be reduced in
patients with IgA nephropathy (25). As the pattern of
O-glycosylation varies at different stages of B-cell matura-
tion and in different immune responses, O-glycosylation
profile of IgAl is probably influenced by several mecha-
nisms including the immunological situation in which it
is produced (24). Although raised blood sugar levels do
not directly induce O-glycosylation of IgAl, we screened,
if there could be an indirect effect by, e.g. high blood
sugar levels. An analysis of 250 patients with LcV
showed that the frequency of IgA-positive vasculitides
were not raised in patients with diabetes, and that the
ratio between IgA- and IgG-positive vasculitides was sim-
ilar in patients with raised and normal blood sugar levels
(Sunderkotter et al., in preparation).

Pathophysiology: research on leukocytoclastic
vasculitis helps to appreciate peculiar processes

in transmigration

The undisputable classical criterion of vasculitis must be
‘infiltration of the vessel wall by leucocytes’, because

vasculitis must be defined as an inflammation in which
is the primary target of leucocytes
(9,26). This classical histopathological criterion is easily
recognized in vasculitides of medium-sized and large

the vessel wall

vessels. However, LcV  involves primarily postcapillary
venules. These vessels also happen to be the site of
transmigration of granulocytes (27). Diapedesis is the
mandatory requirement of all inflammations, so small
vessel vasculitides could be the result of disturbances in
transmigration (28).

To unravel its specific pathology, vasculitis needs
to be distinguished from all other acute
inflammations without vessel damage

Our novel methodological approach in elaborating the
pathophysiological pathways of LcV was to discern the
pathophysiological processes, which occur in all acute
inflammations from those which occur only and exclusively
in vasculitis (28). Such a distinction has not always been
made as, e.g. basic processes of transmigration in ‘conven-
tional’ inflammation have been unravelled by ultrastruc-
tural analysis of the Arthus reaction — a model for immune
complex vasculitis (29).

In order to pursue our aim, we compared three mice
models of acute vasculitides of small vessels with each other
and with an acute non-vasculitic inflammation, i.e. irritant
contact dermatitis. All models were established in the ear.

The immune complex-mediated Arthus reaction is elic-
ited by generating perivascular immune complexes locally
in the skin. The localized Shwartzman reaction is provoked
by local cutaneous injection of LPS (lipopolysaccharide)
(or IL1-8 + TNF-a) followed 24 h later by systemic appli-
cation of LPS (or IL-1f8 + IFN-y + TNF-o). This leads to
LcV only at the site of the previous local LPS injection
(28). Cutaneous Loxoscelism is a special model induced by
injection of venom from Loxosceles reclusa, which contains
sphingomyelinase D. All these models show histologically
the signs of LcV and in the Shwartzman reaction addition-
ally, the signs of intravascular coagulation (28).

Decisively, all the vasculitic models, but not irritant
contact dermatitis, involved alterations in the patterns of
transmigration and concurrent neutrophil activation. The
venom of L. reclusa is known to dysregulate and dissoci-
ate transmigration from degranulation of human neu-
trophils in vitro (30). In vivo, we observed neutrophils
sticking next to each other on the endothelium of small
vessels, almost stringed-like beads (28). This suggests that
there is an arrest of granulocytes on endothelial cells
prior to transmigration. For the Shwartzman reaction, we
showed that it is strictly dependent on both (i) a sus-
tained local expression of vascular adhesion molecules
E-selectin and VCAM-1 for 24 h after subcutaneous LPS
injection (the so-called preparatory phase), and (ii) sub-
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Figure 2. A simplified drawing on how one could picture the
processes at the vessel wall during immune complex vasculitis: After
deposition of large immune complexes at the vessel wall, neutrophils
try in vain to phagocytose the firmly attached immune complexes (right
half of the picture) so that their granule contents (and oxygen radicals)
are released not into phagolysosomes, but into the extracellular space
(“frustrated phagocytosis’) which is somewhat shielded from the blood
stream. The degrading enzymes released from the granules lead to local
destruction of endothelial cells and extravasation of erythrocytes.
According to Sindrilaru et al. (40), this process apparently takes place at
the luminal site despite the blood stream, and not after neutrophils
have already entered the tissue (on the left side) (drawing kindly
provided by Anca Sindrilaru).

sequent activation and degranulation of neutrophils
(adherent to endothelial cells) during the ensuing chal-
lenge with systemic LPS (28).

The Arthus reaction is also partially dependent on
expression of E-selectin and mainly dependent on fixed
deposition of large immune-complexes at the vessel wall
(Fig. 2) (28). In vitro, granulocytes bind such large and
fixed immune-complexes, but are unable to phagocytose
them, so that they subsequently release their cytotoxic
components into the extracellular space (degranulation and
oxidative burst) (31).

Thus, the common and exclusive theme for the three
models of vasculitis was alteration in activation of polymor-
phonuclear cells (PMN) coinciding with alterations interfer-
ing with normal diapedesis. Therefore, research on immune
complex vasculitis must be research on transmigration and
diapedesis of granulocytes. One cannot help but appreciate
what a well-regulated and finely-tuned process transmigra-
tion must be, considering that disturbances leading to dam-
age of the vessel wall by e.g., intimely degranulation, are
rare and apparently restricted to the pathological condition
termed vasculitis.

How do immune complexes lead to vessel damage?
Small circulating immune complexes are thought to be
generated daily, whenever bacteria or other antigens from
e.g. the oral cavity enter the blood stream during brushing
of teeth or vigorous chewing and meet their specific anti-
bodies. Large lattices of immune complexes are formed,
however, when the molar concentration of antigens rises to
almost equal that of antibodies (32), as occurs after intake
of drugs, after infection with bacteria and virus or after
exposition to large dosages of other antigens, e.g. insect

Small vessel vasculitis, IgA and transmigration |

venom (33). These large immune complexes precipitate
and firmly stick to the vessel wall so that they can sub-
sequently cause degranulation and oxidative burst of
neutrophils. The released degrading enzymes and oxygen
radicals have been demonstrated to act synergistically in
breaking down collagenous and non-collagenous compo-
nents of the vascular basement membrane (34-36), and in
damaging cultured endothelial cells (37). Briefly, elastase
released from neutrophils can gain entry into endothelial
cells, where it converts xanthine dehydrogenase into xan-
thine oxidase, a process finally resulting in the generation
of superoxide anion (O*7) and Fe*". Fe** helps to reduce
H,0, (which has diffused from neutrophils into the cytosol
of endothelial cells) to the highly reactive oxygen radical
HO™ which is likely to execute the decisive cytotoxic blow
to endothelial cells (37). However, when PMN degranulate
while adhering to the inner vessel wall, the released
cytotoxic substances could be washed away by the blood
stream whose shear stress at the vessel wall amounts to
50 dyn/cm? (38), or they could be partially neutralized by
the high concentrations of protease inhibitors in serum
(e.g. alpha 1 proteinase inhibitor, alpha 1 anti-chymo-
trypsin or alpha 2 macroglobulin). One could therefore
hypothesize that damage to blood vessels occurs from the
abluminal side, i.e. after neutrophils have already migrated
through the vessel wall (Fig. 2). We tested this hypothesis
with the help of CD18™~ mice. Their neutrophils are func-
tionally intact, but they cannot migrate from the blood into
the skin (39). When we placed them exclusively into the
abluminal perivascular space by subcutaneous injection,
they did not exert destructive action despite the presence
of perivascular immune complexes (40). Thus, they must
exert their damaging blow during diapedesis from the
blood stream. The question then remains, how they man-
age this during their relatively short contact during trans-
migration. In neutrophils, adhesion to immune complexes
and adhesion-induced activation appear to be closely con-
nected to damaging vessels, because (i) respiratory burst,
granule secretion and other major functions of PMN
in vitro usually depend on stimulation both by an inflam-
matory stimulus and by immobilization or adherence (41—
43), and (ii) in vivo firm adhesion of PMN to endothelial
cells is required for vascular damage in the Arthus reaction
(44,45). A slightly prolonged contact of neutrophils to sur-
faces may induce a process termed compartmentalization,
which has been observed in vitro and encompasses shield-
ing of proteinases by cytoplasmic protrusions of adhering
neutrophils [reviewed in (46)]. This may be one explana-
tion why products of oxidative burst and degranulation
can remain highly localized to membrane regions, where
FcyR binds to ligands (47).

Therefore, we suggest that in immune complex-medi-
ated wvasculitis, interactions between immune complex,
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FcyR and adhesion molecules cause disturbances in trans-
migration and in controlled activation of neutrophils,
leading to high accumulation of cytotoxic agents where
FcyR binds to deposited immune complexes on endo-
thelial cells.

These scenarios open the view on hypothetical targets for

therapy. For example, in vasculitides involving immuno-
globulins, blocking the signalling pathways of e.g. FcyR
could present a mechanism to selectively target vasculitis-
specific pathophysiology (48).
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