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SUMMARY

TGF-3is a multifunctional cytokine modulating the onset and course of autoimmune diseases as shown
in experimental models. The aim of this study was to investigate B&kpression in ANCA-associated
vasculitis (AAV), and the possible interactions of this cytokine with lysosomal enzymes identified as
ANCA autoantigens (e.g. PR3). This included T@Feffects on the translocation of the lysosomal
enzymes to the cell surface of polymorphonuclear neutrophils (PMN), and the presumed activation of
non-bioactive, latent TGB-by these enzymes. Patients with various types of systemic vasculitis (SV)
were studied, including three different types of AAV (Wegener's granulomatosis (WG), Churg—Strauf3
syndrome (CSS) and microscopic polyangiitis (MPA)). Regardless of the type of assay applied, the
TGF-31 isoform was found to be overexpressed in SV, including AAV, and to correlate with disease
activity as shown for WG. Mean TGF1 plasma levels in AAV patients ranged fron®&g/ml (WG) to

133 ng/ml (CSS) (control 2 ng/ml; P <0-01), while TGF#2 levels were not elevated. Flow cytometry
analysis showed TGPA to be a potent translocation factor for PR3 comparable to other neutrophil-
activating factors such as IL-8. PR3 membrane expression on primed PMN increased by up to 51% after
incubation with TGFS1. PR3 itself was revealed as a potent activator of latent BGhus mediating
bioeffects of this cytokine. These findings, together with other features of ¥&keh as induction of
angiogenesis and its strong chemotactic capacity, indicate thatsliGight serve as a proinflammatory
factor in SV, especially in AAV.

Keywords transforming growth factor-beta vasculitis anti-neutrophil cytoplasmic
antibodies proteinase 3 autoimmunity

INTRODUCTION including IL-1, IL-6 and tumour necrosis factor-alpha (TNJ-
d [6,8—10], is detectable and attributed to clinical signs such as
é:onstitutional symptoms or a strong acute-phase response. In

. . . . addition, the overexpression of cytokines is believed to be
local overexpression of bioactive TGFio be responsible for : L .
P P responsible for the accessibility of autoantigens such as PR3

immunosuppression of activated cells in synovial fluid cells [3]. In . L .

animal models of human autoimmune diseases, local or systemltcO the corresponding ANCA, and is lmpllcated in the patho-
administration of TGK3 can modulate onset and course of genic model of AAV [11,12]. Also, cytokines may be essential
inflammatory processes [4,5] to initiate or enhance endothelial damage by priming or

Within the group of chronic inflammatory theumatic diseases, a:i—‘ctlvatlng endothelial cells and polymorphonuclear neutrophils

TGF-3 is a cytokine with multiple actions on various cells an
tissues [1,2]. Studies in patients with rheumatoid arthritis showe

close association between the presence of autoantibodies agai EtMN) [13]. Among AAV, Wegener's granulomatosis (WG) shows

different lysosomal enzymes and systemic vasculitis (SV) has beet € highest prevalence and disease specificity for ANCA [11]. PR3,

found [6,7]. This group of rheumatic diseases is now termed ANCA-Y;h'Cthf. '3 Iocallzgdtln atzurotphlllcfgratﬂulec':s_:’LCiMN, ha;)s beer}
associated vasculitis (AAV). While the etiology of SV, including kﬁgxz fgs (;“;‘”‘. arge ;m \gen for et = tt(a su t;;pehol
AAV, is unknown, overexpression of proinflammatory cytokines, elined by iImmunafiiorescence staining pattern on aiconol-

fixed PMN, detected by indirect immunofluorscence technique)

Correspondence: E. Csernok, Rheumaklinik Bad Bramstedt GmbH,[14]'. ) .
Forschungsabteilung, Oskar-Alexander-Str. 26, 24572 Bad Bramstedt, _Smce no data concerning the expression Qf T@;W‘?re
Germany. available in AAV such as WG, and autoantigens in AAV display
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TGF-3 expression in vasculitis 105

proteolytic activities and were expected to be able to activate latenvith 1% glutamin plus penicillin (150 U/ml) and streptomycin
TGF-3, we conducted a study on TGFexpression in different (100 U/ml). The supernatants from the MNC were collected after
types of SV, and on the interaction of TGFwith lysosomal 24 h culture.

enzymes. Additional properties implicating TGFin the patho- For flow cytometry analysi$iuman neutrophils were prepared
genesis of SV included its stimulation of angiogenesis and formafrom EDTA-blood of healthy donors using Ficoll-Paqgue centrifu-
tion of granulomatous tissue [15,16]. TGF-expression was gation (40Q, 35 min, 20C). PMN-containing erythrocyte pellets
investigatedin vitro and in plasma closely mimickingn vivo were subsequently mixed with two volumes of polyvinylalcohol.
conditions. Patients both with and without AAV were investigated. After sedimentation for 20 min, the PMN-containing supernatant
For comparison with another inflammatory disease, T&GF- was collected. Contaminating erythrocytes were removed by
expression was determined in rheumatoid arthritis (RA). Culturehypotonic lysis. PMN purity was>98% as determined by
supernatants of peripheral blood mononuclear cells (PBMC)Giemsa/Wright staining according to the manufacturer’s instruc-
were studied for TGF3 content by a TGFK3 bioassay using tions (Sigma, St Louis, MO). Cells were counted and examined at
the CCL64 cell line. TGR31 and TGF52 isoform determina-  x1000 magnification. PMN viability was 95% as determined by
tions in plasma specimens were done using a newly establishelypan blue exclusion.

ELISA [17]. In addition, TGF#S expression was studied at the

mMRNA level employing a semiquantitative reverse transcriptasecytokine assays

polymerase chain reaction (RT-PCR). Since other cytokines argGe 4 getermination was performed by the growth inhibition
capable of translocatlng antigens such as PR3 fo the Cel:Jalssay of mink-lung cells (CCL64) and a newly established
membrane [6,13], we |nves_t|gated the effect of TGFen ELISA specific for TGFS1 and TGF52, respectively. The sensi-
membrane expression of various lysosomal enzymes present ﬁ\/ity of the TGF3 bioassay was 300 pg/ml, while the TGF-
PMN. . ) ELISA was able to detect 10 pg/ml TGFE-The samples (both
Collectively, our data_ revealed marked elev_atlons of TaF- _culture supernatant and plasma) were tested at different dilutions
both at mRNA and protein levels. The observations were made iy ang without transient acidification to activate latent TGF-

AAV patients, but also_in other i_nflammatory diseases, including RA[18,21,23]. The samples were acidified and neutralized after 30 min
and other_SV. In the given setting, TGFwas found tq be a potent as described earlier [3]. Briefly, the samples were diluted 1 : 10 with
translocation factor for PR3 on PMN, comparable with other PMN-PBS 150 mv HCl. and were neutralized with 16 NaOH, 1u

activatin_g factors (e.g. phorbol_ myristate acetate (PMA), IL-8)_. PR3, EPES pH 74, 200 nu EDTA.
also activated latent TGB; which was comparable with previous
reports on plasmin [18]. ]
Apart from its potential pathogenic role in PSV itself, T@F- TGF-f bicassay ) o _
induced proteinase translocation has to be considered as a nGWe procedure forth|§ bioassay is described in detallelsewhere [3].
proinflammatory feature of TGB- Furthermore, PR3 can activate Briefly, the CCL64 mink-lung cells were allowed to adhere in 96-

latent TGF4, which adds further significance to the overexpressionVell flat-bottomed microtitre plates using>510° cells/well in
of TGF-3 in PSV itself. RPMI 1640 medium with 2% fetal calf serum (FCS). After a 4h

incubation period, samples or standards in RPMI 1640 medium

were added and incubated for 72 h. The medium was removed and

cells were fixed with 3% formalin for 10 min. After a washing step,
MATERIALS AND METHODS cells were stained with-2% crystal violet in 10% methanol for

10 min [22]. Excess stain was removed and plates were rinsed in
Sixty-four patients and 101 healthy donors were included inWater- Cell-associated dye was eluted with 00-5% SDS per
this study. The diagnosis of patients selected included differen'e!l- Optical absorbance at 570 nm was determined with a micro-
types of ANCA-associated systemic vasculitides and othefitre plate reader. TGF-levels were expressed in ng/ml basgd ona
inflammatory rheumatic disease (RA). The group with non-Standard curve generated using human rTGRServa, Heidel-
granuloma-forming vasculitis consisted of patients with classi-P€rg, Germany). In addition, the isoform of TGFsecreted by
cal polyarteritis nodosa (PAN) and microscopic polyangiitis PBMC was determined by antibody neutralization as described

(MPA). Granuloma-forming AAV was seen in patients with elsewhere [3].
WG and with Churg—Strau syndrome (CSS). Each of the
patients with primary vasculitides (WG, CSS, MPA) met the TGF-3-ELISA
Chapel Hill Definition [19] and the criteria of the American Ninety-six-well microtitre plates were coated with a mouse MoAb
College of Rheumatology (ACR). Secondary vasculitis wasdirected against all three TGFisoforms (Genzyme, Cambridge,
present in three of 15 RA patients. All patients were includedMA). After blocking with 1% bovine serum albumin (BSA),
with active, generalized disease and irrespective of currensamples or standards were added to their respective wells. After
treatment. repeated washings, a TGR-isoform-specific polyclonal antibody
was added (chicken; R&D Systems, Abingdon, UK). The immu-
noreactive TGH31 was detected using a chicken-specific antibody
Isolation of cells and culture conditions conjugate (rabbit anti-chicken 1gG; Jackson ImmunoResearch,
For cytokine bioassayMononuclear cells (MNC) were sepa- West Grove, PA) and TGB2 specificity was applied (rabbit
rated from heparinized blood by Ficoll-Hypaque density gradientanti-TGF52; R&D Systems). Goat anti-rabbit IgG conjugated
(1:077g/ml) as described elsewhere [20,21]. Freshly isolatedvith alkaline phophatase was added. Substrate buffer (1 mg/ml
MNC (10° cells/well) were cultivated in 96-well flat-bottomed p-nitrophenylphosphate inM diethanolamine pH-8) was added
microtitre plates in serum-free RPMI 1640 medium supplementedaind substrate conversion was measured in an ELISA reader

Patients
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(BioRad, Minich, Germany) as the difference in absorbanceEffect of PR3 on activation of latent TGF-
between 405nm and 450 nm. For details refer to SzymkowiakEnzymatically active PR3 was isolated from azurophilic granules
et al [17]. of PMN as described by Leidt al. [26]. In brief, a Triton X-100
extract of azurophilic granules of PMN was subjected to cation
exchange chromatography on a Biorex 70 column (BioRad). The
PR3-containing fall-through fractions were concentrated by lyo-
philization and further purified by Superdex 75 fast performance
liquid chromatography (FPLC; Pharmacia Biotech, Freiburg,
Germany). The PR3-containing fractions were pooled and dialysed
against PBS, and contained 14@/ml of PR3. PR3 concentration
Wwas determined in sandwich ELISA specific for PR3 together
with a PR3 preparation with a known concentration. Proteolytic
activity, as determined by cleavage of the chromogenic substrate
tBOC-Ala-ONP (Sigma Chemie GmbH, Deisenhofen, Germany),
was 632 mU/ml (by definition, 1U of PR3 generateghol of
p-nitrophenol per minute)

The proteolytic activation of latent TGBF-was performed as

RT-PCR for TGF51

RNA isolation and reverse transcriptiomRNA was isolated
from 16 PBMC with RNAzol B (Cinna-Biotecx, Friendswood,
TX) according to the manufacturer's protocol, and dissolved in
DEPC HO. mRNA was reverse transcribed using 0g oligo
(dT)12-18, 18U RNAGuard (Pharmacia-LKB, Uppsala, Sweden)
and 200U MMLYV reverse transcriptase 1§6o-BRL, Eggenstein,
Germany). cDNA was precipitated and resuspended il 20
DEPC HO.

PCR.The cDNA was used in a 30-cycle multiplex PCR (@5
for 30s, 60C for 30 s, and 7ZC for 1 min, and for 5 min for the last
cycle). The reaction volume was B0 with 20 pmol of each

primer, 200m dNTPs (Biotin-dUTP/TTP at a ratio of 1:10), described [27]. Briefly, the PBMC culture supernatants p# 7

05U of Tag-polymerase (@co-BRL). Glyceraldehyde-3- . . .
phosphate-dehydrogenase (GA3PDH) served as internal contrgfontaining latent TGF31 were incubated with PR3ig/ml, plas-

For separation of DNA and visualization, LDof the PCR reaction gtlanrnf:nu)/r;és(:lgtmzzsiﬁIé@%n%{n(qclla(lcb%lglhognﬁ)eﬁ;t’ ;’éiorsg(:]en’
were applied to 6% acrylamidgel (19:1) and electrophoresis Wai’roteasg activity was then inhibited by the addition of PMSF. and
performed at 3 W constant. BiotipX174 DNA-(Hinf 1) frag- L ) .

ments (Gsco-BRL) were included as markers. The DNA was aprotinin to a final concentration of 2urand 055 U/ml. Complete

transferred to a Flash-Membrane (Stratagene, La Jolla, C'A\thlva_tlonofIatentTGR?wasachleved by transient acidification as
- . . escribed above. The data were consistent in three independent
using a semi-dry blotter. The DNA was cross-linked to the

membrane by UV light. The Flash detection system (Stratageneggﬁgzgems using pooled PBMC culture supernatants from WG

was used for the chemiluminescent reaction and the DNA wa
visualized on x-ray film (Kodak XAR). Intensity of the bands
was evaluated by scanning of the x-ray film with a laser
densitometer.

Primer sequences were: TGH, 5-CAG AAA TAC AGC
AAC AAT TCC TGG-3;5-TTG CAG TGT GTT ATC CGT GCT
GTC-3; GA3PDH, 8-TCT GCC CCC TCT GCT GAT GCC
CCC-3; 5-CCA TCA CGC CAC AGT TTC CCG GAG-3 RESULTS

TGF-51 expression in SN of PBMC and in plasma
igh levels of TGFS were detected in granuloma-forming AAV
WG, CSS), in non-granuloma-forming AAV (MPA), and in
fprimary SV (PAN). Table 1 shows the results of the bioassay

Statistical analysis
Correlations were calculated according to Spearman and signifi-
cance determined applying the Wilcoxon rank sum test.

Flow cytometric analysis of PMN surface expression of lysosoma
proteins

Flow cytometric analysis was used to investigate the effect o
rTGF-51 on membrane expression of lysosomal proteins (PR3,

human leucocyte elastase (HLE) and myeloperoxidase (MPO)) on

PMN. MoAbs against PR3 (designated WGM2, 1gG1) [24], HLE 24
and MPO (both IgG1 isotype) (Dakopatts, Hamburg, Germany) P<0-0001
were used to identify cell surface expression. As negative contr 20~
an ‘irrelevant’ murine monoclonal IgG1l was used (Dianova,s P<0.-001 P<0-001
Hamburg, Germany). PMN (2 10°/ml) from healthy donors 16— P<0-001

were incubated for 30 min with TGPF1 (1 ng/ml), PMA (1ug/ml), P<0:01

or with buffer alone at 3TC. Incubations were stopped by ice-cold & 12 —

buffer and cell washing. All experiments were performed in dupli-?
cate. Before exposure to TGF, PMA or buffer alone, PMN were ‘E_L 8-

asma (n

incubated with TNFRa (150 pg/ml, 10 min), thus priming them to .

respond better to TGB4 and other cytokines, as established else 4

where [25]. Flow cytometry was performed as described elsewhere

[25]. Briefly, PMN (1¢/ml) were incubated with the appropriate 0 | | | J L
MoAb for 20 min. After washing, the cells were incubated with Control (n = 37) MPA (n = 10) WG (n =39)

the fluorescein-labelled second antibody (DTAF-conjugated E(ab) RA (n=15) PAN (n = 4) CSS (n=#6)

goat a_nt"moqse IgG; Dianova). After labelling, cells were WaShegig. 1. Plasma levels of TGP in patients with rheumatoid arthritis
and fixed W'th_ 15% pa.ra{for.maldehyde..AII. procedures Were ) microscopic polyangiitis (MPA), polyarteritis nodosa (PAN),
performed on ice to minimize any activation of cells. Flowwegeners granulomatosis (WG) and Churg—Strauss syndrome (CSS)
cytometric analysis of surface markers was done by Cytofluoregs measured by ELISA. Bars represent means.e.m., vertical lines
graf System 50 (Ortho). meanz s.d.
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180 — cyclophosphamide and prednisolone therapy (data not shown).
160 However, the values measured in patients with active RA (mean
140 - value 138 ng/ml) clearly indicate that high TGFL levels are
= 1200 associated with inflammation in general and not with vasculitis
£ 100i per se The values observed in RA with secondary systemic
£ C vasculitis were not significantly different when compared with
& 80 E other RA patients. TGIB2 levels in plasma ranged abou68g/
w60 F ml in controls, and were not found to be elevated in vasculitis
40 — patients nor in RA.
20 TGF-61 bioactivity (mink lung assay) or immunoreactivity
ot v e v L b b L | (ELISA) were only observed after transient acidification of sam-
-2 2 6 10 14 18 22 ples. The values therefore represent the total TGEentent,

TGF-B1 (ng/ml) including newly activated TGP by transient acidification. The

Fig. 2. Correlation of erythrocyte sedimentation rate (ESR) with T@F- possibility of the discrepancies in supernatants and plasma being

levels in plasma samples from patients with Wegener’s granulomatosi§imp|y due to differences in t.he assays was exclude_d by demon-
(WG). strating a reasonable correlation between T@Ralues in super-

natants measured by bioassay or ELISA=(0-8; P < 0-02). A

lied fPBMC. T . comparison between both assays in plasma specimens was not
applied to supgrnatantso - TGFoverexpression was most feasible, since plasma interfered with the bioassay, giving false low
pronounced in supernatants from granuloma-forming AAV readings

patients (WG, CSS). Neutralization experiments identified TGF-

1 as the dominant isoform. TGFt levels in plasma specimens )

tended to be higher than in supernatants. Figure 1 shows the resullSF? MRNA expression o

of TGF-31 determination in plasma. Vasculitis patients showed ! GF-0 MRNA expression was also studied in WG and CSS
elevated TGF31 plasma levels of 8—133 ng/ml. Plasma TGF- patlgnts. As shown in Fig. 3 and. Table 2, t.hes.e. patients had high
/1 values correlated well with laboratory parameters, indicating€2dings for TGF31 compared with control individuals. A corre-

disease activity (C-reactive protein, leucocyte counts). Figure Jation with disease activity could be demonstrated, thus confirming

shows the correlation between the eythrocyte sedimentation raff® findings at the protein level.

(ESR) and TGF51 levels in patients with WG. Longitudinal studies
for up to 12 months in four WG patients found a decrease in plasmaranslocation of lysosomal enzymes by T@F-
TGF-51 after substantial disease remission was achieved bgince various agents, including proinflammatory cytokines,

(a) (b}
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Fig. 3.(a) TGF51 mRNA expression in peripheral blood mononuclear cells (PBMC) from Wegener's granulomatosis (WG) and Churg—Strauss syndrome
(CSS) patients. Lane 1, polymerase chain reaction (PCR) without cDNA as negative control; lanes 2 and 3, healthy blood donors which were used to get a
standard relation between glyceraldehyde-3-phosphate-dehydrogenase (GA3PDH) afitt Ta®Es 5/6 and 7/8, two WG patients at different time points.

Lane 4 shows a CSS patient. (b) The graphs indicate the individual intensities on the gel for batheh@/GA3PDH as scanned by laser densitometer. The
increase in TGH3 expression was compared with the corresponding GA3PDH expression. See also Table 2. Assuming equal GA3PDH expression, elevated
TGF-8 mRNA levels were foundx 2-4 (no. 8),x 144 (no. 7),x 62 (no. 6),x 53 (no. 5), andx 154 (no. 4). In one WG patient (no.s8 no. 7), clinical
deterioration was observed between the two time points. The corresponding supernatants of the PBMC fractions showed levels above Sagsl TGF-
measured by ELISA.
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Table 1. TGF-31 bioactivity in culture supernatants Table 2.Relative increase of TGB1 mRNA expression
TGF-61 (ng/ml) Patients Relative TGP increase

Patients (mear: s.em.) Cased?
Control 07+01 33/— 24 3 (Controls) 1
RA 25+ 04 15/<0-002 4 (CSS) 154
MPA 38+05 5/<0-002 5 (WG1) 53
PAN 13+10 3/NA 6 (WG1) 62
WG 96+15 36/<0-0001 7 (WG2) 144
CSS 58+ 1.9 5/<0-01 8 (WG2) 24

RA, Rheumatoid arthritis; MPA, microscopic polyangii- Assuming equal glyceraldeh_yde-S-phosphate dehy-
tis; PAN, polyarteritis nodosa, WG, Wegener's granuloma- drogenase (GA3PDH) expression, th? ratio between
tosis; CSS, Churg—Strauss syndrome; NA, not applicable. GA3PDH and TGF51 was determined in controls and

was set to 1. Elevated TGFt mRNA levels were
deduced from change in ratio between GA3PDH and
TGF-41 polymerase chain reaction (PCR) products in
patients. Numbers 2 and 3 represent healthy blood donors.
Number 4 shows Churg—Strauss syndrome (CSS).
Number 5/6 (WG1) and number 7/8 (WG2) represent

have the potential to translocate lysosomal enzymes also serving
as ANCA autoantigens, PMN were investigated for their
expression of lysosomal enzyme; .after incubation with .—'ZGF_ two Wegener’s granulomatosis (WG) patients at different

_In contrast to the well I_(nown anti-inflammatory TGFprofile, time points. In WG2, clinical improvement was observed
incubation of PMN with rTGF51 revealed an unexpected between the two time points (number 7, active phase of
increase (up to 51%) in PR3 membrane expression (Fig. 4). diseaseversusnumber 8, remission phase).

This finding remained constant regardless of the individual

TGF-51 concentrations applied (fromI0to 10 ng/ml TGF51).

This experimental approach included a TWNFpriming step

which mimicsin vivo conditions, since high TNE- levels are  Effect of PR3 on activation of latent TGF-

present in active SV [8,9]. The omission of PMN priming by Figure 5 shows a typical example of the activation experiments
TNF-o resulted in a 60% reduction in PR3 translocation. The©f latent TGF# from pooled supernatants of four WG patients.
cytokine-induced translocation of enzymes in these experimentdhis experiment was repeated three times using different sam-
was restricted to PR3. Antibodies against other proteases preseptes from SN of other WG patients. The results were comparable
in PMN (e.g. HLE, MPO) did not show significant changes in in all experiments. PR3 showed the highest level of activation,
their membrane expression. A similar observation was madéeaching up to 51% of total activation achievable by transient
using other PMN activators [25]. Our results in infectious acidification of the samples. PR3 was even more effective than
diseases therefore do not reflect a specific PMN response tBlasmin (32%) in TGFR3 activation. Two other lysosomal
TGF-5.

25—
100 — 2
£
- £ 15
s 80 — =
< £
+ N
& 60 - 51
= -
S
o 0.5
40
2
%
o | 0
a 20 T S =) S S )
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Fig. 4. Flow cytometric analysis of the membrane expression of granuleFig. 5. TGF-3 activation by lysosomal enzymes. The experiment was
proteins PR3 M), elastase (HLEY) and myeloperoxidase (MP@) on conducted as described in Materials and Methods. The plot shows the
tumour necrosis factor-alpha (TNB/phorbol myristate acetate (PMA)-  results from one experiment with SN from four individual Wegeners’
and TNFe/TGF-3-stimulated polymorphonuclear neutrophils (PMN). granulomatosis (WG) patients. HCI/NaOH shows the complete activa-
Results are shown as percentage of PMN positively stained for thejon of TGF-51 by acidification. The control consists of untreated SN in
respective enzymél, Control PBS.
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proteases, HLE and cathepsin G, showed a weak activation of All TGF-51 detected in SN or plasma of our patients was
latent TGF# (8% and 23%, respectively). biologically inactive, which may raise doubts as to the physio-
logical meaning of these finding#n vitro and in vivo studies,
however, have clearly indicated constitutive TGRctivation [2].
Factors activating latent TGB-have been described, and it was
The present study of cytokine expression in different types ofexpected that a wide range of granular proteases cleave the
vasculitic disorders revealed signs of moderate to strong overiatency-associated peptide’ [2]. This is especially likely at
expression of TGF31 both in supernatants of PBMC and in inflammatory sites. For the first time we report that PR3 is a
plasma. Supernatants of granuloma-forming AAV (WG, CSS)potent activator of latent TGB: Further experiments have to
showed the highest TGF1 levels. TGFS1 overexpression at clarify whether cell membrane-associated PR3 also activates
the mRNA level indicatesle novosynthesis of TGF31 and  TGF-5 as shown for free PR3. The fact that free PR3 in
substantiates the results at the protein level. However, BGF- circulation is physiologically inhibited by;-antitrypsin explains
overexpression is not a specific finding in vasculitis, asthe observation that no bioactive TGF-was found in our
demonstrated by similar TGB1 overexpression in RA patients plasma samples.
with and without SV. The obvious link between inflammation Despite the data presented here on T@EFexpression in
and TGF#1 overexpression was clearly demonstrated by theAAV and its potential pathogenic effects, some questions
positive correlation of TGF31 plasma levels with disease remain open. Since the etiology of vasculitic disorders is
activity. unknown, the initial event inducing cytokines (including
So far, TGFg overexpression has only been described inTGF-3) and producing autoantibodies to lysosomal enzymes
autoimmune diseases, such as diabetes, in malignancies, andfias still to be determined. Many authors have postulated
infectious diseases [21,23]. Some pathogenic aspects describ@fectious agents based on the therapeutic effect of antibiotics,
in these groups may, however, play a role in SV as well. First,at least in limited forms of WG [7,34]. From the observation
TGF-8 overexpression is associated with cellular and humoralof Zhou et al. [35] that IL-6 induces production of TGB; it
immunodeficiency [21,23]. In SV, infectious disease shows ais not surprising that high levels of TGFare found in chronic
high prevalence, in which TGB-may account, together with inflammatory diseases, including SV and RA. The correlation
other factors including immunosuppression by therapy, for awith disease activity further supports the idea that TGIs
high mortality rate [28]. Second, TGBoverexpression has been non-specific activated within the cytokine cascade. Moreover,
shown to be a tumour-promoting factor [29]. Underlying eventssince our study was also limited to experiments investigating
related to cancer induction are a decrease in lymphokineTGF-51 production by PBMC, other contributors to TGF-
activated cells and natural killer cells. In SV, a high rate overexpression cannot be ruled out. PMN themselves may be
of malignancy has been found as well [7,30]. In addition, thecandidates for the production of TGF- but their TGF#
very marked expression of TGF-in supernatants of PBMC production is reportedly low [36]. Cells in vasculitic lesions
from patients with granuloma-forming AAV suggests a patho-including endothelial cells may also express increased levels
genic role for TGFS in granuloma formation itself. From of TGF-4 [37]. In addition, platelets contain very high levels
animal experiments it is well known that subcutaneous appli-of TGF-g1 and also contribute to the findings of elevated
cation of TGF# induces granulomatous tissue formation and TGF-31 levels in plasma. Prompted by the observation that
neovascularization [15,16]. High TGFlevels have also been C-ANCA may activate PMN [7], additional studies are
reported in pleural effusions from patients with tuberculosisongoing to investigate direct cytokine induction by C-ANCA,
[31]. However, TGF3 plasma levels in patients with tuber- including the induction of TGF3. Other techniques, such as
culosis or other granulomatous diseases have still to bén situ hybridization for TGFS in vasculitic lesions and in
determined. granulomas, will provide further insight into the process of
The studies on the effects of TGF-on translocation of inflammation leading to vasculitis, tissue necrosis, and granuloma
lysosomal enzymes revealed a new proinflammatory feature oformation.
TGF-6 by making the autoantigen PR3 accessible to the corre- Our results confirmed the proinflammatory type effects of
sponding autoantibody (C-ANCA). The observed TGFover- TGF-8 which have previously been described for this cytokine
expression may be included into the established hypotheticgl4,38,41]. Regarding the effect of TGFon different cell types,
model for the development of AAV [6,32]. In this model, the no other report has implicated TGFin PMN activation. Since
interaction between autoantigen (e.g. PR3) and the correspondirenzymes such as PR3 released by PMN can activate latent
antibody (e.g. C-ANCA) results in PMN degranulation, release of TGF-3, they may also contribute to elevated T@GFevels,
lysosomal proteases, generation of oxygen radicals, and subsbecause TG augments its own expression [2]. Further studies
guent endothelial cell injury. Concerning the preferential detectionon TGF{3 expression in autoimmune diseases, including AAV,
of PR3 on PMN by flow cytometry experiments, the findings may are necessary for understanding their pathogenesis and to make
be explained by different binding properties for various lysosomalpossible new therapeutic interventions, as already anticipated in
enzymes [25]. This study could also exclude major discrepanciesxperimental studies using TGFantibodies or TGF3-binding
due to different affinities of the antibodies employed. In addition, proteins such as decorin [42—44].
data from animal studies suggest that the production of proin-
flammatory cytokines, e.g. TN&-and IL-1, is also induced by
TGF-3, resulting in chronicity of the inflammatory process [1]. ACKNOWLEDGMENTS
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