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Les vasculitis sén processos clinico-patologics caracteritzats per la
inflamacié dels vasos sanguinis. Poden presentar-se com una entitat
primaria o complicar el curs d'una altra malaltia, especialment infeccions,
neoplasies o malalties del teixit connectiu (artritis reumatoide, lupus
eritematos sistémic, malaltia de Sjogren). Com a consegliencia de la lesid
dels vasos sanguinis pot aparéixer isquémia i/o hemorragia en els érgans
irrigats pels vasos afectats. L'espectre clinic de les vasculitis és molt
ampli, ja que depén del teixit o organ afectat i de I'extensié del procés.
Aguesta varietat clinica comporta dificultats en el diagnostic, amb el
subsegtient retard en la instauracié del tractament. De la mateixa manera,
el pronodstic també és molt variable, tant entre els diferents tipus de
vasculitis com a nivell individual (1).

La poliarteritis nudosa (PAN) va ser descrita per primera vegada el
1866 per Kussmaul i Maier (2). Des de llavors s'han descrit moltes altres
vasculitis, i també s'han fet multiples intents per classificar-les atenent a
les manifestacions cliniques, al tipus o calibre dels vasos afectats, a
troballes histopatoldgiques o0 a combinacions d'aquests criteris (1,3-8).
Atés que no hi ha manifestacions cliniques patognoméniques, proves de
laboratori diagnostiques ni troballes histopatologiques uniformes, establir
una classificacié de vasculitis d'acord amb un esquema acceptat
universalment és dificil. De totes maneres, és necessaria una certa
estandarditzacié per a facilitar el diagnostic i el maneig dels pacients
afectats de vasculitis, per a comparar els resultats de diferents
tractaments, i per a unificar criteris a I'hora de realitzar estudis destinats a
millorar el nostre coneixement sobre I'etiopatogénia i la historia natural de
les diferents vasculitis. La classificacié de Fauci (1) va ser la més
utilitzada fins que es va fer la classificacié de I'American College of
Rheumatology (ACR) de 1990 (9-11) (taula 1). Aquestes classificacions
no sén oposades, ja que Fauci fa una descripcid nosologica i FACR
descriu criteris per a la classificacié de set entitats ja préviament descrites
(purpura de Henoch-Schénlein, granulomatosi de Wegener, sindrome de

Churg-Strauss, vasculitis per hipersensibilitat, poliarteritis nudosa,
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arteritis de ceéllules gegants, arteritis de Takayasu). Donada Ia
superposicié que es produeix entre diferents vasculitis i I'existéncia de
casos de dificil classificacio, aquests criteris permeten, amb una elevada
especificitat i sensibilitat, adscriure els pacients amb diagnostic de
vasculitis a entitats clinico-patoldgiques concretes.

La purpura de Henoch-Schénlein és una vasculitis que afecta
vasos petits, de presentacié tipica en la infancia, que clinicament es
caracteritza per l'inici brusc de febre alta, purpura vasculitica en
extremitats inferiors i natges, artralgies i, sovint, dolor abdominal. En la
meitat dels casos hi ha afectacié renal, habitualment en forma de
glomerulonefritis focal que es manifesta per hematdria microscopica.
L’evolucié acostuma a ser favorable en pocs dies, fins i tot sense
tractament, encara que son freqients les recidives.

La granulomatosi de Wegener és una vasculitis necrotitzant
granulomatosa caracteritzada per afectar les vies aéries superiors i
inferiors i el glomérul, pero que també pot afectar vasos petits i mitjans en
qualsevol altre territori (articulacions, pell, ulls). Sense tractament, la
supervivéncia és practicament nul-la. Amb corticoids i immunosupressors
ha millorat molt el prondstic perd és freqlient I'aparicié de recidives.

La sindrome de Churg-Strauss és un procés caracteritzat per la
preséncia d’eosinofilia, formacié de granulomes perivasculars, afectacio
pulmonar i manifestacions cliniques d’asma bronquial i rinitis al-lérgica,
encara que es poden afectar altres organs. Les troballes histoldgiques
tipiques son els granulomes perivasculars, la infiltracié histica per
eosinofils i la necrosi fibrinoide. Normalment s’afecten vasos petits,
encara que també es poden afectar els vasos de calibre mitja. Es
caracteristic observar lesions en diferent estadi evolutiu. L’evolucié sense
tractament és fatal, perd amb corticoids la supervivéncia és d’'un 60-70 %
als 5 anys. L’afectacié cardiaca i la del tub digestiu sén els principals
determinants de mal pronostic.

La vasculitis per hipersensibilitat és una de les formes més

freqlients de vasculitis. S’anomena aixi per la preséncia, en el sérum, de
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reaccions antigen-anticos que donen lloc a la formacié
d’immunocomplexes. Afecta vasos de petit calibre (fonamentalment
vénules postcapil-lars). La troballa anatomo-patologica caracteristica és
la preséncia de 'anomenada leucocitoclasia (“pols nuclear”) o preséncia
de restes de nuclis de leucdcits polimorfonuclears. El principal organ
afectat és la pell, amb 'aparicié d’una purpura palpable. El prondstic és
molt bo, sobretot si s’identifica i es retira 'agent causal.

La PAN és una vasculitis sistémica que es caracteritza des d’un
punt de vista histopatologic per [I'afectacidé segmentaria i irregular
d’arteries de calibre petit i mitja en forma d’infiltracié leucocitaria i necrosi
fibrinoide en abséncia de granulomes demostrables. Com a
conseqliéncia, s’observen arees d'infart i hemorragies. Poden observar-
se petits aneurismes que ocasionalment es poden trencar.
Progressivament, les zones afectades mostren lesions cicatricials, amb
fibrosi periarterial que porta a una oclusié parcial o total de la llum del
vas. Una caracteristica de la malaltia és la coexisténcia de lesions en
diferent estadi evolutiu que afecten segmentariament la paret vascular. La
PAN es pot presentar a qualsevol edat, amb una major incidéncia en la
quinta i sisena décades. Afecta més sovint homes que dones. La
simptomatologia de la malaltia depén del procés inflamatori vascular i de
les lesions isquémiques en cada un dels organs afectats. Normalment les
manifestacions inicials son inespecifiques: febre, asténia, artromialgies i
perdua de pes. Els sintomes de localitzaci6 depenen dels organs
afectats. Els més freqlients sén hipertensié arterial i els secundaris a
lesi6 del sistema nerviés periféric (mononeuritis multiple, polineuritis
sensitivo-motriu difusa), del tub digestiu (dolor abdominal, hemorragia
digestiva alta i baixa, perforacié intestinal, infart mesenteric, i, fins i tot,
ruptura d’aneurisma mesentéric amb xoc hipovolémic) i, menys
freqGentment, el cor i la pell. Com comentarem més endavant, actuaiment
es considera que l'afectacio renal i pulmonar sén caracteristiques de la
PAN microscopica. L’evolucié natural de la malaitia és fatal en la majoria

dels casos. Amb el tractament amb corticoids i immunosupressors,
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s’aconsegueix una remissié clinica en la majoria dels pacients, encara
que no es rara l'aparicié de recidives ni la preséncia de complicacions
associades al tractament.

L’arteritis de cél-lules gegants (ACG) (o arteritis de la temporal o
arteritis de Horton) és una vasculitis granulomatosa que afecta vasos de
mitja i gran calibre. Es relativament freqtient, amb una incidencia de 15-
30 casos per 100.000 habitants/any en persones majors de 50 anys, perd
la seva maxima incidéncia és en la vuitena década de la vida, i afecta
meés dones que homes. Encara que qualsevol artéria de 'organisme pot
estar involucrada, els vasos més freqlientment afectats sén els tributaris
dels troncs supraadrtics, especialment I'artéria temporal. En les fases
inicials, s’observa una infiltracié leucocitaria en les lamines elastica
interna i externa i en la capa adventicia. Posteriorment, hi ha una
afectacié de totes les capes de la paret vascular (panarteritis) amb
formacié de granulomes constituits per macrofags, cél-lules gegants
multinucleades, limfocits i fibroblasts. Es produeix un engruiximent fibrés
de lintima, que produeix una oclusié de la llum arterial i afavoreix
I'aparicié de fendmens trombotics afegits. La lamina elastica interna esta
fragmentada i disgregada. Es caracteristica I'afectacié segmentaria del
vas. La manifestacio clinica més freqlent és la cefalea, que sovint és el
sintoma inicial i es pot associar a la preséncia d’'una artéria engruixida,
nodular, dolorosa al tacte i amb un pols disminuit 0 absent. Altres
manifestacions cranials freqlients sén el dolor en el cuir cabellut i la
claudicacié mandibular i/o lingual. Una complicacié temuda i freqlent,
especialment en els pacients no tractats, és I'afectacié ocular amb
neuritis optica isquémica, que fins i tot pot produir ceguera. La
simptomatologia focal no cranial és més infreqlient. L’ACG s’associa
sovint a la polimialgia reumatica, sindrome caracteritzada per dolor en
musculs del coll, espatlles, part baixa de I'esquena, malucs i cuixes.
També es pot presentar amb febre i alires simptomes sistemics
inespecifics. L'elevacio de la velocitat de sedimentacio globular (VSG) i

Panémia so6n troballes de laboratori caracteristiqgues. L’ACG respon
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rapidament al tractament amb corticoids, amb un bon pronostic si no hi ha
complicacions isquémiques irreversibles abans de la instauracié del
tractament, pero sovint apareixen recidives.

L’arteritis de Takayasu és una vasculitis que afecta vasos de gran
calibre i que presenta algunes caracteristiques en comu amb I'AGC. En
les dues entitats, I'examen histopatologic demostra afectacié de vasos
mitians i grans amb infiliracid per macrofags i sovint un patrd
granulomatés amb formacié de ceél-lules gegants. Els simptomes
sistémics soén freqlients en les dues vasculitis, i també en les dues les
manifestacions cliniques resulten del diferent grau d’isquémia secundaria
a I'afectacié cranial, ocular i de les extremitats. A diferéncia de 'ACG,
Farteritis de Takayasu afecta tipicament dones joves del sudest asiatic o
d’origen hispanic. Les seves manifestacions cliniques meés freqlients son
conseqliencia d’estenosis de l'aorta i de les seves branques principals.
La resposta als corticoids no és tan espectacular com en 'ACG i, malgrat
associar-hi immunosupressors o cirurgia, les recidives sén freqlients i

sovint dificils de controlar.
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. Taula 1. Criteris per a Ia classificacié de les vasculitis segons I'American College
of Rheumatology 1990 (9-11)

Condici6

Criteri

NS

criteris

Sensibilitat Especificitat

(%)

(%)

Parpura de
Henoch-
Schénlein

Granulomatosi
de Wegener

Sindrome de
Churg-Strauss

Vasculitis per
hipersensibilitat

Poliarteritis
nudosa

Arteritis temporal
o de cel-lules
gegants

Arteritis de
Takayasu

Pdarpura palpable

Inici anterior als 20 anys

Angor intestinal

Granulécits en la paret vascular

(en la biopsia)

Inflamacié nasal o oral
Radiografia de térax anormai

(noduls, infiltrats o cavitats)
Microhematuria o cilindres hematics
Inflamacié granulomatosa en la bidpsia

Asma
Eosinofilia > 10%
Neuropatia

Infiltrats pulmonars (no fixes)
Anormalitat dels sinus paranasals
Eosinofils extravasculars

Inici posterior als 16 anys

Pdrpura palpable

Erupcié maculopapular
Granuiocits perivasculars o
extravasculars (arterioles o vénules)

Pérdua de pes > 4 Kg

Livedo reticularis

Dolor a Ia palpacié testicular

Mialgia o debilitat

Mono o polineuropatia

Pressié arterial diastélica 2 90 mmHg

Elevacié del BUN o la creatinina

Virus de 'hepatitis B

Anormalitat arteriografica

Biopsia d'artéries petites o mitjanes
que continguin granulocits

Inici superior als 50 anys

Cefalea d'aparici6 recent o de
caracteristiques diferents

Dolor a la palpaci6 de l'artéria temporal
o pols disminuit

Velocitat de sedimentacié globular = 50

Bidpsia amb infiltrats de cél-lules
mononucleades o inflamacié

granulomatosa

Inici anterior als 40 anys
Claudicaci6 d'extremitats
Pols de I'artéria braquial disminuit
Diferéncia de pressié arterial entre
els dos bragos > 10 mmHg
Buf sobre les artéries subclavies o l'aorta
Anormalitat arteriografica
(estretament o oclusié de l'aorta o de
les seves branques principals)

=2

87,8

88,2

85

71

82,2

93,5

90,5

87,7

92

99,7

83,9

86,6

91,2

97,8
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En els darrers anys s'ha emfatitzat sobre el concepte de poliangitis
microscopica com a entitat separada de la PAN. En la conferéncia de
consens de Chapel Hill (12) es defineixen les caracteristiques clinico-
patologiques de 10 entitats seleccionades de vasculitis, que s'agrupen
segons el calibre dels vasos més afectats. La principal diferéncia
respecte anteriors classificacions és la importancia donada a la
poliangitis microscopica, que es descriu com una vasculitis necrotitzant
amb abséncia o minima preséncia d'immunocomplexes i que afecta vasos
microscopics, és a dir arterioles, capil-lars i/o vénules. En aquesta
vasculitis, la glomerulonefritis necrotitzant i la capil-laritis pulmonar sén
freqlents. En la poliangitis microscopica també poden estar afectats
vasos de petit i mitja calibre; en canvi, la preséncia de glomerulonefritis o
I'afectacio d'arterioles, capil-lars o venules exclou el diagnostic de PAN
classica (taula 2). Donat que molts autors adopten els criteris d'aquesta
classificacio i per tal d'universalitzar el diagnostic, en referir-nos a la PAN
en els treballs presentats hem aplicat les dues classificacions. Es a dir,
tots els malalts inclosos, acompleixen els criteris diagnostics de PAN de
'ACR i cap d’ells es pot considerar afecte de poliangitis microscopica.
Per a les altres vasculitis estudiades, concretament I'arteritis de cél-lules
gegants (ACG), hem aplicat els criteris de classificacié de I'ACR. En
ambdues vasculitis hem considerat la positivitat de la bidpsia un criteri

obligatori per a la inclusié dels malalts.
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Taula 2. Noms i definicions de les vasculitis acceptats en la Conferéncia de

consens de Chapel Hill sobre la nomenclatura de les vasculitis sistémiques (12)

Vasculitis de vas
gran

Arteritis de cél-lules
gegants (temporal)

Arteritis de
Takayasu

Vasculitis de vas
mitja

Poliarteritis nodosa
classica

Malaltia de
Kawasaki

Vasculitis de vas
petit

Granulomatosi de
Wegener

Sindrome de Churg-
Strauss

Poliangitis
microscopica

Parpura de Henoch-
Shénlein

Crioglobulinémia

Angitis
leucocitoclastica
cutania

Arteritis granulomatosa de P'aorta i les seves branques principals amb
afectacio preferent de les branques extracranials de I'artéria carotida.
Sovint afecta l'artéria temporal. Habitualment es presenta en pacients
més grans de 50 anys i s’associa freqientment a la preséncia de
polimialgia reumatica :

Inflamacié granulomatosa de l'aorta i les seves branques principals.
Habitualment es presenta en pacients menors de 50 anys.

Inflamacié necrotitzant d'artéries petites o mitjanes sense
glomerulonefritis o vasculitis en arterioles, capil-lars o vénules

Arteritis d'artéries grans, mitjanes i petites amb sindrome ganglionar
mucocutani associat. Les artéries coronaries estan afectades sovint.
Habitualment es presenta en nens.

Inflamacié granulomatosa en el tracte respiratori i vasculitis
necrotitzant en vasos petits i mitjans (arféries, arterioles, capil-lars i
vénules). Es freqient la preséncia de glomerulonefritis necrotitzant.

Inflamacié granulomatosa rica en eosindfils en el tracte respiratori
amb vasculitis necrotitzant en vasos mitjans i petits en pacients amb
asma i eosinofilia

Vasculitis necrotitzant amb abséncia o preséncia insignificant de
diposits de complexes immunitaris que afecta vasos petits (arterioles,
capil-lars i vénules). Pot existir vasculitis necrotitzant en arteries de
calibre petit o mitia. La glomerulonefritis necrotitzant és frequent.
Sovint hi ha capil-laritis pulmonar.

Vasculitis amb diposits predominants d’'lgA que afecta vasos petits
(arterioles, capil-lars i vénules). Tipicament s’afecta la pel, lintesti i el
glomerul renal. Es mokt freqiient la presencia d’artralgies o artritis.

Vasculitis amb dipésits de crioglobulines que afecta vasos petits
(arterioles, vénules i capil-lars) amb preséncia de crioglobulines
sériques. La pell j el glomérul renal s’afecten freqiientment.

Angitis leucocitoclastica cutania sense vasculitis sistémica o
glomerulonefritis
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El maneig de les vasculitis és complex, ja que el tractament que
actualment s'utilitza és agressiu i inespecific i s'ha de valorar el risc
d'efectes indesitjats i el benefici que es pot obtenir. Tot i que els
corticoids i els farmacs immunosupressors han suposat una gran millora
en el pronostic d'aquests malalts, les complicacions del tractament,
basicament infeccions, neoplasies, osteoporosi, diabetis i hipertensid
arterial, comporten una morbilitat important. A més, els malalts no sempre
responen al tfractament, i tal com hem comentat en explicar les diferents
vasculitis, sovint apareixen recidives en abandonar-lo. També cal
considerar l'existéncia de casos amb una evolucié6 més favorable que
podrien respondre amb menys farmacs o amb dosis inferiors de
tractament, amb la reduccié subsegiient dels efectes secundaris (13-16).
Per tot aixd, el que es vol aconseguir és un tractament el maxim
d'especific i individualitzat en cada cas. Perd aixd no és possible sense
un coneixement precis i profund de la patogénia d'aquestes malalties.
L'objectiu de la present tesi ha estat el d'aportar nous coneixements sobre
els mecanismes que contribueixen al desenvolupament d'infiltrats
inflamatoris en les vasculitis, amb la idea que en un futur contribueixin a
millorar el tractament i el prondstic dels malalts afectats per aquestes
malalties. L'estudi esta centrat en la PAN i 'AGG perque son
representatives de dos tipus diferents de vasculitis (de vas mitja i vas
gran respectivament) i perqué l'expressié de les molécules d’adhesio
cel-lular, que és el que s’estudia en la present tesi, mai s’ha investigat

anteriorment en grups grans i homogenis d’aquestes vasculitis.
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1. Etiopatogénia de les vasculitis

Les vasculitis constitueixen un grup molt variat de malalties i, per
tant, els mecanismes patogenetics que condueixen a la lesio vascular sén
heterogenis. Diferents agents etioldgics, entre els quals cal considerar
virus, farmacs i altres agents ambientals, desencadenen una cascada de
mecanismes patogenétics immediats capagos de lesionar la paret dels
vasos. Entre aquests mecanismes destaquen el dipdsit de complexes
immunitaris, els anticossos anti-citoplasma de neutrofil, els anticossos
anti-cel-lula endotelial, i una resposta immunolbdgica mitjancada per
céllules T enfront d’antigens presents en la paret arterial. Aquests
mecanismes patogenetics no sén mutuament excloents sindé que
probablement actuen de manera combinada, amb un protagonisme
variable segons la malaltia o el moment evolutiu. Sobre ells actuarien en
alguns casos altres factors moduladors, com les hormones sexuals i el

substrat geneétic (17-19) (figura 1).

1.1. Agents desencadenants

Actualment, es coneix poc sobre els agents etioldbgics que
desencadenen la cascada de fenbOmens immunitaris que produeixen la
lesid vascular. En un 53 % de pacients amb vasculitis leucocitoclastica
es recull l'antecedent d'ingesta d'algun farmac (20). S'han descrit
vasculitis en les lesions propies de diverses malalties bacterianes
(tuberculosi, sifilis, rickettsiosis) i fungiques (aspergilosi, candidiasi) (21).

Diversos autors han suggerit que algunes infeccions viriques
podrien jugar un paper important en l'etiopatogénia de les vasculitis.
Entre aquestes infeccions, cal destacar la classicament coneguda
associacio entre la PAN i la infeccié pel virus de I'hepatitis B (VHB), que
es detecta en un 20-40 % de casos en algunes séries (22). La infeccid pel
virus de I'hepatitis C (VHC) en els pacients amb crioglobulinémia mixta

encara és més prevalent, i arriba a ser el 96 % en algunes séries (23). El
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paper etiopatogénic d'aquests virus en el desenvolupament de les
vasculitis no solament es basa en la seva estreta associacié
epidemiologica siné també en el fet que sovint milloren les manifestacions
clinigues amb fractaments que aconsegueixen una remissié viroldgica
(24-26). També s'han descrit diversos tipus de vasculitis (vasculitis
leucocitoclastica, PAN, vasculitis aillada del sistema nerviés central) en
pacients infectats pel virus de la immunodeficiencia humana (VIH) (27-
29), sobretot en pacients amb una immunitat encara preservada (30).
Altres virus descrits possiblement implicats en el desenvolupament de
vasculitis sén el parvovirus B19, el virus de la varicel-la-zoster i el
citomegalovirus (21,31). La identificacié de virus com a agents etioldgics
o desencadenants de les vasculitis té importants implicacions
terapéutiques, ja que el tractament antiviral podria ser una aiternativa al

tractament immunosupressor.

1.2. Mecanismes patogenétics immediats

Diposit dimmunocomplexes circulants

Els complexes immunitaris circulants formats en preséncia d'un
excés d'antigen poden no ser eliminats totalment pel sistema
mononuclear fagocitic i dipositar-se en la paret vascular. També poden
originar-se complexes immunitaris directament en els vasos. Alla,
activarien la cascada del complement, i els productes d'activacio
atraurien els neutrdfils, que destruirien la paret vascular amb els seus
enzims lisosomics (1). Les vasculitis leucocitoclastiques, la purpura de
Henoch-Schénlein, la crioglobulinémia mixta, i, probablement, les
vasculitis necrosants del grup de la PAN son les entitats que s'adapten
millor a aquest model patogenétic (32,33). Perd aquest mecanisme no
explica satisfactoriament les lesions objectivades en altres vasculitis, com

I'ACG, la granulomatosi de Wegener o la malaltia de Takayasu.
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Anticossos anti-citoplasma dels neutrofils (ANCA)

Els ANCA reconeixen constituents del citoplasma dels neutrofils.
S’han identificat dos constituents principals en els granuls atzurofils
reconeguts pels ANCA: |a proteinasa 3 (PR3) i la mieloperoxidasa (MPO).
Els ANCA-PR3 tenen una sensibilitat i especificitat molt importants per la
granulomatosi de Wegener, i els ANCA-MPO es troben en una proporcio
variable de pacients amb poliarteritis microscopica i amb
glomerulonefritis. Els ANCA també poden reconéixer altres constituents
dels granuls dels neutrdfils, com I'elastasa, la catepsina G, la lactoferrina,
i la lisozima, entre altres. El significat bioldgic d’aquests nous ANCA
encara es desconeix (19,34).

L'estreta associacio entre els ANCA-PR3 i la granulomatosi de
Wegener i, en menor grau, dels ANCA-MPO i la poliangitis microscopica
ha suggerit que aquests anticossos tenen un paper patogenétic en la
lesié vascular. En l'actualitat, esta demostrat que els ANCA contribueixen
a l'activacié dels neutrofils induida per altres estimuls i poden augmentar
el seu potencial lesiu, perd per si sols no semblen capacos d'induir
lesions inflamatories, i és prematur assumir que juguen un paper primari

en la patogénesi de les vasculitis.

Anticossos anti-cél-lula endotelial (ACE)

S'han detectat ACE en el sérum de pacients afectats per una
amplia varietat de malalties que cursen amb afectacié vascular, com el
lupus eritematds sistemic i I'esclerosi sistémica progressiva, entre altres,
perd també en altres processos on la participacié endotelial és menys
evident, com I'hiperparatiroidisme autoimmunitari. També s'ha demostrat
la presencia d'ACE en diferents vasculitis sisttmiques, com la malaltia de
Kawasaki, la granulomatosi de Wegener, la poliangitis microscopica i la
vasculitis retiniana (35). La majoria d'aquests anticossos sén capagos de
fixar el complement i poden exercir citotoxicitat directa o mitjangar
citotoxicitat cel-lular depenent d'anticos i, per tant, tenen un potencial

lesiu sobre la cél-lula endotelial. S’ha demostrat que altres ACE sén
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capagos d’activar les cél-lules endotelials i induir I'expressié de molécules
d’adhesid (36). En la majoria de processos en els quals s'han descrit, els
nivells d'ACE es correlacionen amb I'activitat clinica de la malaltia (35).
Encara es desconeix si aquests anticossos tenen un paper patogenétic
primari o es produeixen a consequencia de la lesié endotelial produida

per altres mecanismes.

Resposta immunologica mitjiancada per cel-lules T

Diferents estudis immunopatologics han demostrat que en algunes
vasculitis, com I'ACG, la granulomatosi de Wegener, la malaltia de
Takayasu, la PAN i les lesions coronaries de la malaltia de Kawasaki,
I'infiltrat inflamatori esta format fonamentalment per macrofags i limfocits
T que expressen marcadors d'activacié immunitaria i proliferen activament
en les lesions (18,37,38). En lesions precoces d'ACG i de PAN s'ha
identificat cél-lules dendritiques que expressen antigens de classe |l del
sistema major d'histocompatibilitat que probablement actuin com a
céllules presentadores d'antigens (18,37,38). Aguestes observacions
suggereixen que els limfocits T activats i els macrofags juguen un paper
important en el desenvolupament de la lesié vascular. Els mecanismes a
partir dels quals els limfocits T s'activen sén, molt probablement,
heterogenis. En algunes vasculitis, com la malaltia de Kawasaki, es
detecten expansions policlonals de limfocits T circulants que poden ser el
resultat d'un estimul per superantigens. En 'ACG s'ha demostrat que una
petita proporcié dels limfocits activats infiltrants sofreixen una expansio
clonal suggerint una resposta immunitaria especifica enfront d’'un antigen
possiblement present en la paret arterial (39-41). En un model animal
d'arteritis granulomatosa s'ha demostrat la participacié de mecanismes de
citotoxicitat restringida per antigens de classe | del sistema major
d'histocompatibilitat (18). La preséncia de limfocits CD8 citotdxics s’ha
demostrat en diferents vasculitis , com I'ACG, la PAN i la malaltia de
Takayasu (18,37,38). En aquesta, una poblacié significativa de limfocits

infiltrants expressa cadenes gammal/delta del receptor T (42).
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Un cop activats per diferents mecanismes patogenétics, els
leucocits envaeixen la paret vascular a través de complexes interaccions
amb l'endoteli i les proteines de la matriu extracel-lular, que es
produeixen a fravés d'uns receptors de membrana i dels seus

contrareceptors, anomenats genericament molécules d'adhesié.

1.3. Resposta vascular

Un cop en la paret dels vasos, els leucdcits segreguen citocines i
factors de creixement, els quals generen una série de canvis morfologics i
funcionals en els vasos que sén responsables de la majoria de les
manifestacions cliniques i complicacions isquémiques dels pacients amb
vasculitis. Algunes citocines, com les interleucines 1 i 6 i el factor de
necrosi tumoral, produides activament en les lesions de 'ACG, ocasionen
febre i simptomes constitucionals freqlients en aquests malalts (43). Les
manifestacions focals més especifiques de les vasculitis deriven sovint de
la disfuncié organica determinada per la isquémia i, ocasionalment, per
I'hemorragia en els organs afectats. L'oclusié vascular en les vasculitis
pot tenir lloc per espasme, trombosi i hiperplasia o fibrosi intimal (18). Les
citocines proinflamatories interleucina 1 i factor de necrosi tumoral alteren
les propietats anticoagulants de I'endoteli. Les mateixes citocines reguien
el to vascular. Altres citocines produides en la paret vascular tenen
activitat fibrogénica. Citocines amb activitat quimiotactica continuen
atraient els leucdcits, que penetren en els vasos gracies a la inducci6 de
molécules d'adhesié endotelials per interleucina-1, factor de necrosi
tumoral i interfer6 gamma. La produccié d'aquest sembla essencial per al
desenvolupament i manteniment de la reacci6 granulomatosa
caracteristica de I'ACG. Altres factors de creixement amb activitat
angiogénica poden contribuir a la neovascularitzacié que té lloc en el si
de la paret arterial en algunes vasculitis com ia PAN i I'ACG (18,37,38).
Els vasos neoformats proporcionarien nous punts a través dels quals els

leucocits podrien infiltrar la paret vascular i contribuir al manteniment de
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la inflamaci¢. El paper precis que les citocines i els factors de creixement
juguen en la resposta vascular és objecte d'una activa investigacio en
l'actualitat (18).

1.4. Factors moduladors

Hormones sexuals

Algunes vasculitis, com la malaltia de Takayasu, afecten
preferentment a dones en edat fertil. Aquesta distribucié demografica
suggereix que les hormones sexuals poden modular els mecanismes
immunitaris que porten a la lesié vascular o la resposta del propi vas a la
inflamacié. Recentment s'ha demostrat que la cellula endotelial te
receptors estrogenics funcionals, i que els estrogens regulen les vies a
través de les quals determinades citocines, com el factor de necrosi
tumoral, indueixen l'expressié de molécules d'adhesié endotelials pels

leucocits (44).

Predisposicio geneética

Des de fa alguns anys, se sap que individus portadors d'alels HLA-
DRB1'04 del Sistema Major d'Histocompatibilitat tenen un major risc de
patir ACG (45). També s'ha identificat una seqtiéncia concreta (DRYF)
relacionada amb la mateixa malaltia situada a la zona de la unié a
I'antigen durant la presentacidé antigénica (46), troballa que reforga la
hipotesi que les lesions vasculars en I'ACG tenen lloc a conseqgléncia
d'una resposta immunitaria antigen-especifica. La malaltia de Takayasu
és més freqlent en dones joves d'origen hispanic o del sud-est asiatic i
en algunes étnies s’ha associat la suceptibilitat a patir la malaltia amb
alguns antigens HLA, concretament amb HLA-B5 a la india i a HLA-B52 i
B39.2 al Jap6 (47,48).
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Figura 1. Etiopatogeénia de les vasculitis
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2. Molécules d'adhesio

2.1. Descripcio

Tal com s'ha comentat, independentment dels agents etioldgics o
dels mecanismes patogenetics immediats, el desenvolupament dels
infiltrats inflamatoris en els teixits es produeix a través d'interaccions
dinamiques entre leucocits, cél-lules endotelials i proteines de la matriu
extracel-lular a través de les anomenades molécules d'adhesié. Aquestes
es poden agrupar en tres families principals segons la seva estructura
molecular: les selectines, les integrines i la superfamilia de les
immunoglobulines (49-52).

Les selectines son les molécules d'adhesié que vehiculitzen el
contacte inicial en les interaccions leucocit/endoteli. Sén glucoproteines
de membrana que comparteixen un domini aminoterminal tipus lectina per
on s'uneixen als seus lligands. Fins ara es coneixen 3 selectines:
selectina E, selectina P, i selectina L. La selectina E és induida en la
cél-lula endotelial per diverses citocines (interleucina-1, factor de necrosi
tumoral i lipopolissacarid). La selectina P es sintetitza en les plaguetes i
en I'endoteli. En les plaquetes s'emmagatzema en els granuls o i en la
céllula endotelial en els granuls de Weibel-Palade, des d'on eés
translocada a la superficie cel-lular sota I'influx de mediadors de la
inflamacié aguda (trombina, histamina, leucotrieé, C4). Algunes citocines
(factor de necrosi tumoral o) també indueixen la seva sintesi en la cél-lula
endotelial. La selectina L s'expressa en tots els leucocits circulants
excepte algunes subpoblacions de limfocits T de memoria i, després de
l'activacié limfocitaria, es desprén de la membrana cel-lular. Els lligands
de les selectines sén hidrats de carboni especifics, dels quals els més
coneguts s6n formes sialilades dels antigens Lewis™ i Lewis®. Altres
ligands identificats fins ara son I'hidrat de carboni CLA (cutaneous

lymphocyte antigen, per la selectina E), i les mucines PSGL-1 (P-selectin
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glycoprotein ligand, per la selectina P) i GIyCAM-1 i GlyCAM-2
(glycosylation-dependent cell adhesion molecule-1,-2, per la selectina L).

Les integrines son proteines heterodimériques formades per una
cadena o i una altra  presents en una amplia varietat d'estirps cel-lulars.
Constitueixen els principals receptors que interaccionen amb proteines de
la matriu extracel-lular. Algunes d'elles també participen en interaccions
intercel-lulars. Les integrines es classifiquen en families la identitat de les
quals s'estableix per la cadena B. S'ha identificat un minim de 9 cadenes
B que defineixen les corresponents families. Cada cadena B pot unir-se a
diferents cadenes o. Fins ara es coneixen unes 20 combinacions
diferents. Els limfocits utilitzen fonamentalment integrines de les families
B+ (especialment asBs 0 VLA-4 -very late antigen-4, que interacciona amb
la immunoglobulina VCAM-1 - vascular cell adhesion molecule-1) i B2
(sobretot o B, 0o LFA-1 - leukocyte function-associated antigen-1, que
interacciona amb les immunoglobulines ICAM-1, ICAM-2 i ICAM-3
(intercellular adhesion molecule-1,-2,-3), i amB2 0 Mac-1, que interacciona
amb ICAM-1) per unir-se a l'endoteli i a la matriu extracel-lular . La
integrina ovBs també intervé en I'adhesié del leucdcit a I'endoteli
mitjangant la seva interacci6 amb PECAM-1 (platelet endothelial cell
adhesion molecule-1) (53). Les integrines s'expressen constitutivament en
els leucocits i, encara que la seva expressié pot ser modulada, la seva
regulacié és principalment funcional. La seva expressié no és uniforme en
tots els leucdcits. Les integrines consoliden les interaccions iniciades per
altres molécules d'adhesio, principalment selectines. També son
molécules transductores de senyals i en unir-se als seus contrareceptors
produeixen importants canvis funcionals en els leucocits. La seva
connexi6 al citoesquelet cel-lular fa que tinguin un paper important en el
procés de migracio.

Els membres de la superfamilia de les immunoglobulines es
caracteritzen per contenir els anomenats dominis immunoglobulinics, que
consisteixen en dues lamines peptidiques en estructura B-plegada i en

disposicié antiparal-lela estabilitzades per ponts disulfur. Aquestes
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caracteristiques estructurals sén compartides per molécules que
participen en el reconeixement antigénic i en I'activacié limfocitaria, com
els anticossos, el receptor T, els antigens de classes | i Il del sistema
major d'histocompatibilitat i els seus contrareceptors CD8 i CD4. Les
principals molécules d'adhesié que pertanyen a aquesta familia sén
ICAM-1, ICAM-2 i ICAM-3 (contrareceptors de la integrina LFA-1), VCAM-
1 (que interacciona amb les integrines VLA-4 i w4f7), LFA-3 (que
interacciona amb la immunoglobulina CD2), i PECAM-1 (que interacciona
de manera homofilica amb ella mateixa, i també amb la integrina avfs).
Totes elles, excepte ICAM-3, s'expressen en la cel-lula endotelial
basalment o després de la induccid amb citocines, i participen en les
interaccions leucocit/endoteli. ICAM-3 s'expressa constitutivament en
limfocits no estimulats i en céllules presentadores d'antigens (54). S'han
descrit altres molécules d'adhesid, com CD44 o VAP-1, que pertanyerien
a altres families (52,55).

Les principals molécules d'adhesié conegudes, aixi com la seva

distribucié cel-lular, es recullen a la taula 3.
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Taula 3. Principals molécules d’adhesié involucrades en la migracio dels leucocits cap els teixits

Molécula CD Lligand/Contrareceptor Distribucié Funcid bioldgica
Selectines
Selectina E CD62E Syalil Le* o Le?, CLA CE rodament, activacié
d'integrines
Selectina P CD62P PSGL-1* CE, plaquetes activacio d'integrines
Selectina L CD62L Syalil Le* o Le® leucdcits rodament, "noming" a
GlyCAM-1, GlyCAM-2** ganglis
Integrines
oaPy (VLA-4)** CD49d/CD29 VCAM-1, fibronectina limfécits, mondcits, eosindfils adhesid forta
o Pz (LFA-1) CD11a/CD18 ICAM-1, ICAM-2, ICAM-3 leucdcits, NK adhesié forta,
transmigracid
amP2 (Mac-1) CD11b/CD18 ICAM-1 monbcits, granuldcits, macrofags, NK adhesié forta
axf2 gp (150,95) CD11c/CD18 ? monbeits, granuldcits, macrofags, NK adhesié forta
ovBs3 CD51/CD61 PECAM-1, col-lagen, CE, monbcits, limfdcits B activats
_ fibronectina, vitronectina
g7 CD49d/- MadCAM, VCAM-1, limfdcits (subtipus) homing a mucoses
fibronectina
Superfamilia de les
immunoglobulines
ICAM-1 CD5s4 LFA-1, Mac-1 leucdcits, CE, fibroblasts, céllules adhesi¢ forta,
dendritiques, cél-lules epitelials transmigraci6
ICAM-2 CcD102 LFA-1 cél-lules endotelials, (altres rarament) adhesio6 forta
|ICAM-3 CD5s0 LFA-1 leucdcits, cél-lules dendritiques
VCAM-1** CD106 VLA-4, ctaf7 cél-lules endotelials, macrofags (altres adhesié forta
menys freqlient)
PECAM-1 CD31 PECAM-1, awPa neutrdfils, monobcits, CE, plaquetes activacio d'integrines,
transmigracié
LFA-3 CcD58 LFA-2 (CD2) la majoria de cél-lules activacié de limfocits i

d"integrines

* intervé fonamentalment en les interaccions neutrofil/endoteli

** intervé fonamentalment en les interaccions limfocit/endoteli
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2.2. Paper de les molécules d'adhesid en el pas dels leucocits cap els

teixits

La transicié des d'un leucocit circulant a un leucocit adherent que
infiltra els teixits requereix una série d'esdeveniments coordinats. Les
interaccions entre les molecules d'adhesid leucocitaries i els seus
ligands especifics de la cél-lula endotelial es produeix d'una manera
sequencial i regulada amb gran precisio (55-57). Primer, quan un estimul
apropiat indueix l'expressié de determinades molécules en la superficie
endotelial i leucocitaria, els leucocits circulants s'enlenteixen i roden
sobre la superficie endotelial. Aquest fenomen de rodament esta mitjancat
sobretot per selectines i carbohidrats, encara que no son les uniques
molécules implicades. Posteriorment, les integrines leucocitaries,
basalment en un estat no adherent, sén activades. Aquesta activacio es
produeix a través de factors solubles (citocines quimiotactiques o
quimiocines) o altres interaccions cel-lulars que impliquen molécules
coestimulatories (52,58-60). Els contrareceptors de les integrines
leucocitaries poden ser expressats constitutivament per la cél-lula
endotelial (ICAM-2, PECAM-1), induits (VCAM-1) o sobreexpressats
(ICAM-1) per l'estimul de citocines, fonamentalment interleucina-1, factor
de necrosi tumoral a i interferé y (52,56,61). Mitjangant la interaccid
d'integrines i immunoglobulines, especialment LFA-1/ICAM-1 i PECAM-1
(important component de les unions intercel-lulars entre les cel-lules
endotelials) amb ella mateixa i/o amb ayfBs, es produeix I'adhesié forta,
I'extensio dels leucocits sobre l'endoteli i subsegient transmigracié a
través de les unions intercel-lulars cap a I'estimul quimiotactic. Finalment,
els leucocits interaccionen amb proteines de la matriu extracel-lular,
fonamentalment a través d'integrines B4, i també Bs i Bs que s'uneixen

principalment a laminina, col-lagen o fibronectina.
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ADHESIO FORTA 1
ACTIVACIO TRANSMIGRACIO
RODAMENT  p°INTEGRINES

citocines quimiocines

Figura 2. Interaccions entre molécules d’adhesi6 endotelials i leucocitaries

2.3. Molécules d'adhesid solubles

En el plasma huma i en altres liquids biologics s'han detectat
selectines E, P i L i alguns membres de la superfamilia de les
immunoglobulines (ICAM-1, ICAM-3, VCAM-1, PECAM-1) en forma
soluble (62-70). En alguns casos, com en el de la selectina P i VCAM-1,
aquest fet es produeix a través d'un processament alternatiu de I'ARN
que genera una variant sense el domini transmembrana. En altres casos,
com en el de la selectina L i ICAM-3, la molécula es desprén per
protedlisi. Estudis in vitro han demostrat que algunes moléecules
(selectina L, ICAM-3) es desprenen de la membrana leucocitaria després
de l'activacio. Després de I'estimul amb citocines, la cél-lula endotelial no
solament augmenta l'expressié de membrana de molécules d'adhesié

sind també la seva alliberacid al sobrenadant. Per aquest motiu,
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increment en la concentracié de molécules d'adhesié circulants es
considera una evidéncia indirecta d'activacié immunitaria i/o endotelial.
Els efectes biologics de les molécules d'adhesié solubles no es
coneixen amb exactitud. D'una banda, en conservar la seva capacitat
d'unio al contrareceptor, poden bloquejar les unions intercel-lulars i tenir
un efecte inhibidor de I'adhesié leucdcit/endoteli i posterior transmigracio.
D'altra banda, quan les molécules d'adhesié solubles s'uneixen al seu
contrareceptor, poden transduir senyals i desencadenar una

coestimulacio efectiva de les cél-lules amb les quals interaccionen (71).

2.4. Repercussio en patologia humana

Les molécules d'adhesié tenen una importancia fonamental en la
defensa de l'organisme enfront de la infeccio. A més del seu paper en
I'adhesid dels leucocits a I'endoteli vascular i posterior transmigracié cap
els teixits, també participen en la recirculacio limfocitaria, especialment en
el trafic selectiu de limfocits T de memoria cap a zones predeterminades
(homing), i en la presentacié antigénica i activacio limfocitaria (55). Pero,
per causes poc conegudes, les mateixes interaccions que poden
beneficiar I'organisme contribueixen al desenvolupament dels fendmens
inflamatoris nocius que es produeixen en les malalties autoimmunitaries,
en el rebuig de trasplantaments i en la lesié tissular causada en la
reperfusié post-isquémia. Algunes d'aquestes molécules també soén
utilitzades per les cél-lules neoplasiques per a penetrar en els teixits
durant la disseminacié metastasica, i per les cél-lules endotelials durant
el procés d'angiogenesi (71-73). El coneixement dels mecanismes
moleculars que regulen aquestes interaccions té importants
repercussions en patologia humana i constitueix la base per a la recerca

de nous metodes d'intervencié terapéutica.
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2.5. Molécules d'adhesid en les vasculitis

Per investigar la participacié de les molécules d'adhesioé en les
malalties humanes, i, entre elles, les vasculitis, s'han utilitzat diferents
métodes: expressido de membrana i funcionalisme en leucocits, expressid
tissular en mostres bidpsiques, i deteccidé de formes solubles (71). Hi ha
molt pocs estudis sobre I'expressio de les molécules d'adhesié en les
vasculitis sistemiques. Independentment del métode utilitzat, els resultats
obtinguts no sén concloents perqué les mostres de poblacié sén petites
i/fo heterogeénies i el nombre de molécules estudiades és reduit, amb el
qgual no es poden valorar les correlacions topografiques entre receptors i
lligands. A més, els resultats obtinguts en els diferents treballs publicats
fins ara no sempre sén comparables degut a les diferencies en els criteris
d'inclusié de malalts, en l'especificitat dels anticossos i els estandards
utilitzats en les técniques immunohistoquimiques, o en la terminologia
utilitzada.

En general, els leucdcits circulants de pacients amb vasculitis, aixi
com de pacients amb altres malalties inflamatories croniques, expressen
més molecules d'adhesid i tenen una major adhesivitat que leucocits de
controls sense vasculitis (71). En la granulomatosi de Wegener, els
limfocits periférics tenen una major expressio d'ICAM-1 i de la subunitat
B4 de les integrines que en subjectes control (74). Els limfocits circulants
aillats de pacients amb lupus eritematds sistémic i vasculitis expressen
més intensament la integrina VLA-4 en la seva superficie i tenen una
major adhesivitat a cél-lules endotelials que els obtinguts de pacients amb
lupus sense vasculitis (75).

Les molécules d'adhesié més estudiades en mostres histologiques
de pacients amb vasculitis sén ICAM-1, VCAM-1, i selectina E. Aquestes
s'han estudiat en diverses entitats, especialment en vasculitis renals i
cutanies (76-83). En general i com comentarem posteriorment, s'observa

una sobreexpressié de les molecules induibles.
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S'han realitzat nombrosos estudis per a detectar nivells de
molécules d'adhesid solubles en malalts afectes de vasculitis (84-88). Les
més estudiades també sén ICAM-1, VCAM-1 i selectina E en la seva
forma soluble. Normalment s'observa una elevacié d'aguestes molécules
en la fase activa de la malaltia, perd pels motius anteriorment comentats,
els resultats obtinguts son de dificil interpretacié. Com comentarem més
endavant, recentment s'han fet alguns treballs amb grups homogenis de
vasculitis i amb seguiment longitudinal que intenten correlacionar els
nivells de molécules d'adhesié circulants amb l'activitat de la malaltia i
comparar-los amb concentracions en altres malalties diferents en les

quals el sistema immunitari també pugui estar danyat (89-93).

2.6. Aplicacions terapeutiques potencials

Molts dels agents utilitzats habitualment pel tractament de les
malalties autoimmunitaries i, entre elles, les vasculitis, exerceixen algun
efecte sobre la funcié i/lo expressiéo de les molécules d'adhesié. Per
exemple, I'accio antiinflamatdria dels corticoids es produeix principalment
a través de la inhibici¢ del factor nuclear kB (NF-xB), que és un factor de
transcripcié basic en l'activacié de les cel-lules endotelials i que regula
I'expressio de les molécules d'adhesié (94). En estudis in vitro, Cronstein
i cols. han demostrat que els corticoids disminueixen ['expressio
endotelial d'ICAM-1 i selectina E induida per lipopolissacarid o
interleukina-1 (95). Youssef i cols. van obseivar una disminucié de
I'expressié d'ICAM-1 i selectina E en la membrana sinovial de malalts
amb artritis reumatoide després del tractament amb altes dosis de
metilprednisolona (96). L'expressié d'ICAM-1, selectina E i selectina P
disminueix en la membrana sinovial de pacients amb polimialgia
reumatica després d'alguns mesos de tractament amb dosis baixes de
corticoids respecte a malalts no tractats (97). També s’han descrit efectes
sobre les molécules d'adhesié en altres farmacs utilitzats en la practica

clinica pel tractament de malalties autoimmunitaries: la colxicina i el
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metotrexat disminueixen I'expressio de selectina L i la funci¢ de selectina
E; el metotrexat, a més, també disminueix l'adhesié mitjangcada per
integrines; l'or disminueix I'expressié de selectina E i VCAM-1 en
I'endoteli sinovial; la ciclosporina A disminueix I'expressio d'ICAM-1; i els
antiinflamatoris no esteroidals inhibeixen I'adhesié dels neutrofils
mitjancada per integrines B (52).

El coneixement dels mecanismes moleculars implicats en les
interaccions leucocit/endoteli/matriu extracel-lular que condueixen a la
formacié dels infiltrats inflamatoris suggereix la possibilitat de noves vies
d'intervenci6 terapéutica basades en el blogueig d'aquestes interaccions.
Amb aquesta finalitat, s'estan desenvolupant nombroses modalitats:
anticossos monoclonals que bloquegen epitops funcionals de les
molécules d'adhesid; carbohidrats que inhibeixen la funcié de les
selectines; peéptids sintetics no immunogenics que bloguegen
competitivament les interaccions mitjangades per les molécules
d'adhesio; molécules solubles recombinants, que també actuen per un
bloqueig competitiu; oligonucleotids antisentit capagos d'unir-se a I'ARN
missatger de les molécules d'adhesidé i inhibir la seva traduccié a
proteina, evitant aixi la seva expressio; i farmacs capacgos d'inhibir
I'expressid o bloquejar funcionalment les molécules d'adhesié de manera
selectiva i controlada (71,95,98-104).

Totes aquestes modalitats s'han estudiat exhaustivament en
diferents models animals, alguns dels quals simulen malalties
autoimmunitaries humanes. En ells s'ha demostrat que la inhibicié de les
interaccions leucocit/endoteli/matriu  extracel-lular ajuda a prevenir
I'aparicié de lesions inflamatdries o millora les ja existents (105-111).
Actualment ja s'han realitzat alguns assaigs amb anticossos
antimolécules d'adhesié en humans, amb resultats prometedors (112-
114), perd la tolerancia i els efectes a llarg termini encara no s'han
analitzat.

Bloquejar I'adhesivitat pot significar una nova opcié terapéutica per

les vasculitis. L'aplicacié d'aquest concepte requereix una major
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comprensid de la cronologia de l'expressié induible de molécules
d'adhesio en les vasculitis, les vies preferencials en sindromes particulars
i 'estat d'expressié de les molécules d'adhesio en la remissié. L'objectiu
fonamental dels treballs exposats a continuacié és el de contribuir a que

es puguin assolir aquests coneixements.
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OBJECTIUS
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1. Analitzar I'evolucié morfoldgica de I'endoteli en les diferents fases del
procés inflamatori en mostres histologiques (muscul | nervi) de pacients

amb PAN classica.

2. Estudiar, en les mateixes mostres, el patré de l'expressié de les
seglents molécules d'adhesié: a) endotelials: selectina-E, selectina-P,
ICAM-2, VCAM-1; b) leucocitaries: selectina-L, ICAM-3, CD18 (cadena [,
de les integrines), LFA-1, VLA-4; i c) endotelials i leucocitaries: ICAM-1,
PECAM-1.

3. Investigar la relacid entre l'expressié de les molécules d'adhesi6
endotelials estudiades i les segUents caracteristiques cliniques dels
pacients: edat, sexe, durada dels simptomes i resposta inflamatoria
sistémica (determinada per la preséncia de febre, pérdua de pes i

velocitat de sedimentacio globular elevada).

4. Determinar I'efecte del tractament amb corticoids sobre I'expressi6 de

les molécules d'adhesié endotelials.

5. Quantificar la concentracié de les formes solubles de selectina E,
selectina P, selectina L, ICAM-1, ICAM-3 i VCAM-1 en sérum i plasma de
grups homogenis de pacients amb PAN classica i de pacients amb ACG, i

comparar-la amb la concentracié en controls sans.

6. Correlacionar els nivells d'aguestes molécules amb les caracteristiques

clinigues anteriorment esmentades.

7. Investigar la relacié entre els nivells de les molécules d'adhesi6

solubles i la resposta clinica i biologica al tractament.
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INVESTIGACIO |
RESULTATS
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1. DYNAMIC PATTERN OF ENDOTHELIAL CELL ADHESION
MOLECULE EXPRESSION IN MUSCLE AND PERINEURAL VESSELS
FROM PATIENTS WITH CLASSIC POLYARTERITIS NODOSA

Patré dinamic de l'expressié de les molecules d'adhesié endotelial en
vasos musculars i perineurals de pacients amb poliarteritis nudosa

classica

Blanca Coll-Vinent, Mireia Cebrian, Maria C Cid, Carme Font, Jordi
Esparza, Manel Juan, Jordi Yagiie, Alvaro Urbano-Marquez, Josep M

Grau

Arthritis and Rheumatism 1998,41:435-444
(pagines 41-50)

37



Molécules d’'adhesié en vasculitis

38



Blanca Coll-Vinent i Puig

En aquest primer treball hem estudiat 'expressié de les molécules
d’adhesid cel-lular en teixits (muscul i nervi) de malalts amb PAN, amb la
idea d’assolir els quatre primers objectius que ens haviem proposat.

Per a la realitzacié del treball hem obtingut mostres de muscul i de
nervi sural de 30 malalts amb PAN i de 12 controls i hem aplicat la
teécnica immunohistoquimica de la fosfatasa alcalina-antifosfatasa alcalina
amb anticossos monoclonals dirigits contra les molécules d’adhesio
seglents: selectines E, P i L, ICAM-1, -2, i -3, VCAM-1, PECAM-1, CD18
(cadena comu de les integrines B2), LFA-1 i VLA-4. Per a identificar
I'endoteli hem aplicat la técnica de l'avidina-biotina peroxidasa amb la
lectina Ulex europeus, i per a detectar els neutrofils presents en les
lesions vasculars hem utilitzat aquesta darrera técnica amb I'elastasa

neutrofilica.
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DYNAMIC PATTERN OF ENDOTHELIAL CELL ADHESION MOLECULE
EXPRESSION IN MUSCLE AND PERINEURAL VESSELS FROM
PATIENTS WITH CLASSIC POLYARTERITIS NODOSA

BLANCA COLL-VINENT, MIREIA CEBRIAN, MARIA C. CID, CARME FONT, JORDI ESPARZA,
MANEL JUAN, JORDI YAGUE, ALVARO URBANO-MARQUEZ, and JOSEP M. GRAU

Objective. To investigate endothelial cell adhesion
molecule expression in vessels from patients with classic
polyarteritis nodosa (PAN).

Methods. Frozen sections of 21 muscle and 16
nerve samples from 30 patients with biopsy-proven PAN
and 12 histologically normal muscle and 2 histologically
normal nerve samples from 12 controls were studied
immunohistochemically, using specific monoclonal
antibodies (MAb) that recognize adhesion molecules.
Adhesion molecules identified were intercellular adhe-
sion molecule 1 (ICAM-1), ICAM-2, ICAM-3, vascular
cell adhesion molecule 1 (VCAM-1), platelet endothelial
cell adhesion molecule 1 (PECAM-1), E-selectin,
P-selectin, L-selectin, lymphocyte function-associated
antigen 1 (LFA-1), and very late activation antigen 4
(VLA-4). Neutrophils were identified with a MAD recog-
nizing neutrophil elastase. Endothelial cells were iden-
tified with the lectin ulex europaeus.

Results. In early lesions, expression of PECAM-1,
ICAM-1, ICAM-2, and P-selectin was similar to that in
control samples, and VCAM-1 and E-selectin were in-
duced in vascular endothelium. In advanced lesions,
immunostaining for adhesion molecules diminished or
disappeared in luminal endothelium, whereas these
molecules were clearly expressed in microvessels within
and surrounding inflamed vessels. Staining in endothe-
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lia from vessels in a healing stage tended to be negative.
A high proportion of infiltrating leukocytes expressed
LFA-1 and VLA-4, and only a minority expressed
L-selectin. No relationship between the expression pat-
tern of adhesion molecules and clinical features, disease
duration, or previous corticosteroid treatment was ob-
served.

Conclusion. Endothelial adhesion molecule ex-
pression in PAN is a dynamic process that varies
according to the hfstopathologic stage of the vascular
lesions. The preferential expression of constitutive and
inducible adhesion molecules in microvessels suggests
that angiogenesis contributes to the persistence of in-
flammatory infiltration in PAN.

Classic polyarteritis nodosa {PAN) is a systemic
necrotizing vasculitis that involves medium-sized and
small vessels. PAN can present as a primary disease, but
it may occur during the course of hepatitis B and other
viral infections (1,2), in association with hairy cell leu-
kemia (3), or complicating the outcome of several
autoimmune disorders such as Sjogren’s syndrome or
rheumatoid arthritis (4). Consequently, the immuno-
pathogenic mechanisms leading to vascular injury are
incompletely understood and are probably hetero-
geneous. Both immune complex-mediated vessel dam-
age and T cell-mediated vascular injury appear to
participate in the development of PAN lesions (5-8).

In recent years, the relevance of leukocyte—
endothelial cell-extracellular matrix interactions in the
development of inflammatory lesions has been increas-
ingly recognized. Such interactions occur through a
complex array of cell surface adhesion molecules. On
the leukocyte membrane, molecules of the selectin (L-
selectin) and integrin (CD18-CD11 complex, very late
activation antigen 4 [VLA-4], o 3,) families interact in a
precisely regulated manner with specific counterrecep-
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tors on the endothelial cell surface. These include
carbohydrates (sialylated forms of Lewis antigens) and
members of the selectin (E-selectin, P-selectin) and
immunoglobulin (intercellular adhesion molecule 1
[ICAM-1], ICAM-2, vascular cell adhesion molecule 1
[VCAM-1], and platelet endothelial cell adhesion mol-
ecule 1 [PECAM-1]) families. These receptors are in-
duced, increased, or functionally regulated by cytokines,
chemokines, steroid hormones, and by other cell-cell
interplay. Such interactions have been demonstrated to
be essential for the recruitment of leukocytes at the sites
of injury (9-12).

Immunohistochemical studies have demon-
strated that endothelial cell adhesion molecules are
induced or up-regulated in a variety of chronic inflam-
matory diseases (9,13,14), and different patterns of
adhesion molecule expression have been identified.
E-selectin is usually expressed in acute inflammatory
lesions (15,16). In addition, E-selectin is generally
present in chronic inflammatory disorders involving the
skin, where it binds to skin-homing T lymphocytes. Its
detection is less frequent in chronic inflammatory con-
ditions involving other tissues (17-19), where VCAM-1
or up-regulated ICAM-1 are more likely to be detected.

Experimental studies have shown that most of the
primary immunopathogenic events that may participate
in the pathogenesis of vasculitis, such as immune com-
plex deposition, complement activation, antineutrophil
cytoplasmic antibody expression, and T lymphocyte and
macrophage activation, influence adhesion molecule ex-
pression or function (5). However, little is known about
adhesion molecule expression in vasculitic lesions. Most
of the previously published studies have addressed only
a limited number of adhesion molecules or have in-
cluded only small numbers of patients with a variety of
vasculitides and heterogeneous characteristics (20-25).
Preliminary studies have shown that E-selectin,
ICAM-1, and VCAM-1 are up-regulated in endothelial
cells from inflamed vessels. Studies of changes in adhe-
sion molecule expression in relation to disease progres-
sion have not been reported. The present study was
undertaken to investigate the expression of endothelial
cell adhesion molecules and their leukocyte counterre-
ceptors in muscle and nerve biopsy specimens from a
highly homogeneous group of patients with classic PAN,
in order to identify receptors potentially involved in the
development of vascular inflammatory infiltration.

PATIENTS AND METHODS

Patients. The initial study group consisted of 46 pa-
tients in whom a muscle and/or sural nerve biopsy showed
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Table 1. Clinical features of the polyarteritis nodosa patients
studied”

Age, mean (range) years 66 (23-83)
Male/female 1713
Duration of symptoms prior to biopsy, mean 4 months
(range) (2 weeks-2 years)
Previous treatment with corticosteroids 7
Fever >38°C 17
Weight loss >4 kg 15
Anemia (hemoglobin <10 gm/liter) 14
ESR >90 mm/hour 16
Hypertension 3
Arthralgia/arthritis 8
Cutaneous manifestations 10
Livedo reticularis 2
Other 7
Abdominal pain 1
Muscular involvement 14
Clinical 12
Electromyographic 5
Peripheral nerve involvement 23
Clinical 18
Electromyographic 17

* Except for age and symptom duration, values are the number of
patients. ESR = erythrocyte sedimentation rate.

vasculitis in medium-sized or small vessels. All of these pa-
tients fulfilled the American College of Rheumatology classi-
fication criteria for PAN {26). Four patients were excluded
because of suspicion of microscopic polyangiitis based on
clinical or biologic findings, according to the specifications of
the Chapel Hill International Consensus Conference (27).
Three were excluded because they had an associated connec-
tive tissue disease (systemic lupus erythematosus). Nine addi-
tional patients could not be included because, given the
segmentary nature of PAN lesions, subsequent biopsy speci-
mens did not exhibit inflamed vessels. The final study group
consisted of 30 patients (13 women and 17 men), with a mean
age of 66 years (range 23-83 years). Hepatitis B surface
antigen was tested in 25 patients and was negative in all of
them. Clinical data retrieved included age and sex, number and
type of disease manifestations, previous treatment with cortico-
steroids, disease duration, and the presence of a strong inflam-
matory response, defined as fever >38°C, weight loss >4 kg,
and erythrocyte sedimentation rate >90 mm/hour (Table 1).

The mean disease duration prior to biopsy was 4
months (range 2 weeks-2 years). At the time of biopsy, all
patients had clinical evidence of disease activity. Twenty-three
patients were untreated, and 7 had been receiving prednisone
at 10-60 mg/day, because of clinical suspicion of giant cell
arteritis (2 patients), systemic vasculitis (2 patients), late-onset
rheumatoid arthritis (2 patients), or dermatomyositis (1 pa-
tient). These patients had been treated for a period ranging
from 1 week to 4 months.

The control group consisted of 5 women and 7 men
(mean age 63 years, range 47-85 years), who underwent
muscle and/or nerve biopsy for diagnostic purposes and had no
vasculitis. Diagnoses in these patients were noninflammatory
myopathy (n = 4), chronic alcoholism (n = 2), cutaneous
sarcoidosis (n = 1), diabetic neuropathy (n = 1), lead poison-
ing (n = 1), olivopontocerebellar degeneration (n = 1), and
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Table 2. Monoclonal antibodies used in this study*

Working
CD Distribution concentration

Antigen* designation Clonet (comstitutive or induced)i Biologic function (ng/ml)
ICAM-1 CD54 RM3AS EC, L, F, EpC, DC Firm adhesion, transmigration §
ICAM-2 CD102 CBR-IC2/2 EC (other cells infrequent) Firm adhesion, transmigration 1
ICAM-3 CD50 1521D2 L Stimulation of integrin function §
VCAM-1 CD106 BBIG-V1 EC (other cells infrequent) Firm adhesion, transmigration 5
E-selection CDé62E 1.2B6 EC Rolling, integrin activation 4
L-selectin CD62L FMC46 L Rolling 5
P-selectin CD62P AK6 EC, P! Rolling, integrin activation 0.5
B, integrin chain CD18 MEM-438 L Firm adhesion §
LFA-1 CDl1a B-B15 L Firm adhesion, transmigration 10
a, integrin CD49d HP2/1 Ly, M, Eo Firm adhesion, transmigration 8
PECAM-1 CD31 JCT0A EC, L, P! Integrin activation, firm 2.6

adhesion, transmigration

* ICAM-1 = intercellular adhesion molecule 1; VCAM-1 = vascular cell adhesion molecule 1; LFA-1 = lymphocyte function-associated antigen

1; PECAM-1 = platelet endothelial cell adhesion molecule 1.

+ RM3AS was kindly provided by Dr. Teresa Gallart (Immunology Department, Hospital Clinic, Barcelona); CBR-1C2/2 by Bender MedSystems
(Vienna, Austria); 152ID2 and MEM-48 by Dr. Ramon Vilella (Immunology Department, Hospital Clinic); BBIG-V1 by R & D Sysiems Europe
(Abingdon, UK); 1.2B6, FMC46, AK6, B-B15, and HP2/1 by Labgen (Barcelona); and JC70A by Dako (Carpinteria, CA).

% EC = endothelial cell; L = leukocyte; F = fibroblast; EpC = epithelial cell; DC = dendritic cell; Pl = platelet; Ly = lymphocyte; M = monocyte;

Eo = eosinophil.
§ Used as crude hybridoma supernatant at a 1:2-1:5 dilution.

polymyalgia rheumatica (n = 1). One patient had a self-limited
disease without a definite diagnosis.

Tissue samples. Twenty-one muscle and 16 sural nerve
biopsy specimens were obtained from the PAN patients, and
12 histologically normal muscle and 2 histologically normal
nerve specimens were obtained from the controls. Tissues were
snap-frozen in isopentane that had been precooled in liquid
nitrogen, and stored at —80°C. All PAN specimens exhibited a
transmural infiltrate in at least 1 medium-sized or small vessel.

Antibodies. Endothelial cells were identified with the
lectin ulex europaeus (Vector, Burlingame, CA), which binds
fucose on endothelial cells and is considered to be an endo-
thelial cell marker (28). Neutrophils were identified with a
monoclonal antibody (MAD) recognizing neutrophil elastase
(clone NP57; Dako, Carpinteria, CA). MAb used to detect
adhesion molecules are shown in Table 2.

Immunostaining. Serial 4-8-pm frozen sections were
fixed with cold acetone and incubated at room temperature
with each primary antibody for 30 minutes. MAb immunore-

Table 3. Adhesion molecule expression by endothelial cells*

activity was detected using alkaline phosphatase—anti-alkaline
phosphatase (Dako) (29). The immunoreactivity of biotinyl-
ated ulex europaeus and neutrophilic elastase was detected
using avidin-biotin—peroxidase complex (Vector) (30). All
sections were counterstained with hematoxylin.

Quantitative analysis. The stained sections were exam-
ined under a light microscope by 3 independent investigators
(BC-V, JMG, and MCC) who were blinded to the clinical
information. Staining intensity on endothelial cells was classi-
fied semiquantitatively on a 3-point scale (— = no immunore-
activity; + = moderate immunoreactivity; ++ = strong im-
munoreactivity). The endothelial staining pattern was
classified qualitatively as sharp, blurry, or absent. In inflam-
matory infiltrates, the number of positively stained cells was
expressed as a percentage of the total number of infiltrating
cells visualized by hematoxylin counterstaining. Scores as-
signed by the 3 investigators varied by <10%.

Statistical analysis. Chi-square testing was used for
statistical analysis.

Early PAN lesions

Well-established PAN lesions Healed PAN lesions

Control

Antigen specimens, E E MV E MV E MV
Ulex europaeus ++ ++ +/- + ++ +/— ++
ICAM-1 ++/+ ++/+ - +/— + +/— +
ICAM-2 ++/+ ++ - + +/++ +/— +/++
VCAM-1 - +/— - +/= +/- - -
PECAM-1 ++ + - +)— + )= +
E-selectin - +/++ +/- +/- +/= - -
P-selectin + 4/ ++ - +[— T _ o+
L-selectin - +/— - +/— - — _

* In cases where the intensity varied among different samples, 2 values are given. See Patients and Methods for details on scoring. E = luminal
endothelium; PAN = polyarteritis nodosa; MV = microvessels. See Table 2 for other definitions.
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RESULTS

Endothelial expression of adhesion molecules. In
control specimens, ICAM-1, ICAM-2. and PECAM-1
were universally expressed by vessels of any size.

Figure 1. Ulex europaeus immunostaining pattern in polyarteritis
nodosa lesions at different stages. A, Eurly lesion. The lumen is
preserved and the endothelium is well defined (arrow) (similar to
findings in an adjacent normal vessel). B, Well-established lesion. The
luminal endothelium (small arrow) is slightly stained and blurry
compared with normal vessels, and microvessels are strongly immurio-
stained (large arrow). C, Healed lesion. The luminal endothelium is
substituted by microvessels (arrow) and the vessel wall is thick, with
scarce cellularity. Microvessels within and surrounding the vessel are
well defined. (Original magnification X 4)0.)
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P-selectin was positive in virtually all small and medium-
sized vessels, but not in capillaries. VCAM-1, E-selectin,
and L-selectin were negative (Table 3).

PAN specimens exhibited the classically de-
scribed (31) inflamed vessels at different histologic
stages (early lesions, with a slight inflammatory infiltrate
[80-120 leukocytes per section], well-established lesions,
with a strong inflammatory infiltrate [>400 leukocytes
per section] and frequent fibrinoid necrosis, and healed
[obsolescent] lesions, with scarce remaining inflamma-
tory cells [<150 leukocytes per section] and prominent
intimal hyperplasia obliterating the vessel lumen). In
26% of the samples studied, vessels at different histo-
logic stages coexisted in the same section.

Staining with ulex europaeus lectin demonstrated
dynamic participation of endothelial cells throughout
the histologic stages of the vasculitic process. As shown
in Figure 1, the luminal endothelium was morphologi-
cally preserved and microvascularization was minimal or
absent in early lesions. In well-established lesions, the
luminal endothelium appeared blurry or incomplete, the
lumen was partially or totally occluded, and microvessels
within and surrounding the inflammatory infiltrate were
more evident, being the.microvessels always more clearly
defined and intense than the luminal endothelium. In
healed (obsolescent) lesions, the luminal endothelium
was negatively or only weakly stained, and the lumen was
occluded and sometimes even substituted by microves-
sels, which were also evident within and surrounding the
lesion. No microvessels were seen within or surrounding
normal medium-sized or small vessels. Endothelial cell
adhesion molecule expression by involved vessels
evolved through the above-described stages in a very
well-defined pattern (Table 3), and no relationship with
other variables, such as disease duration, inflammatory
response (as defined in Patients and Methods), tissue
source (muscle versus nerve), or corticosteroid treat-
ment was observed.

In early lesions, immunostaining of luminal
ICAM-1, ICAM-2, PECAM-1, and P-selectin was simi-
lar to that seen in control samples. VCAM-1 was mod-
erately expressed in only 2 vessels. E-selectin immuno-
staining was intense and generally well defined (Figure
2A). L-selectin was also expressed in luminal endothe-
lium of 4 vessels with minimal inflammatory infiltration.

In well-established lesions, luminal ICAM-1,
PECAM-1, and P-selectin expression decreased in inten-
sity and definition in comparison with the findings in
controls. In many cases (50%, 28%, and 73% for
ICAM-1, PECAM-1, and P-selectin, respectively), lumi-
nal expression completely disappeared. This usually
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occurred in vessels with a completely occluded lumen. In
contrast, microvessel immunoreactivity was intense and
well defined (Figures 2C and D). The expression pattern
of ICAM-2 was similar, but it rarely disappeared com-

£ i z CREE R

pletely from the luminal endothelium. VCAM-1 was
expressed by the luminal endothelium of 15 vessels
(45%) and. except in 1 case with very strong positivity,
immunostaining was always moderate and blurry. Virtu-

[O-S- S

Figure 2. A, Endothelial E-selectin immunostaining (arrow) in an early polyarteritis nodosa (PAN) lesion, and B, corresponding cellular
immunostaining for neutrophil elastase (serial sections). C, Intercellular adhesion molecule 1 (ICAM-1) immunostaining in a well-established lesion.
Note that the high ICAM-1 expression on the luminal endothelium of an adjacent normal vessel (farge arrow) is absent in the inflamed vessel (small
arrow). Infiltrating leukocytes express ICAM-1. D, P-selectin immunostaining in a more highly magnified image of the same vessel seen in C. Note
the negative staining in the obliterated luminal endotheljum (small arrow), while the surrounding microvessels are clearly positive (large arrow). E,
Endothelial expression of vascular cell adhesion molecule 1, and F, corresponding leukocvte very late activation antigen 4 immunostaining (serial
sections). G, Expression of E-selectin and H, expression of L-selectin in the luminal endothelium of normal vessels (arrows) of PAN patients; such
expression was observed in normal vessels of some. but not all, patients. (Original magnification X 400 in A, B, and D-H; X 200 in C.)
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Table 4. Adhesion molecule expression by infiltrating leukocytes in
polyarteritis nodosa patients”

COLL-VINENT ET AL

Table 5. Association between the expression of leukocyte ICAM-1
and the expression of leukocyte LFA-1 in polyarteritis nodosa lesions*

CD18 53+26
LFA-1 40 = 27
VLA-4 3529
ICAM-1 34 =28
ICAM-3 3531

* Values are the mean + SD %. VLA-4 = very late activation antigen
4. See Table 2 for other definitions.

ally all vessels positive for VCAM-1, even those with a
large amount of inflammatory infiltration, had a still-
preserved or only partially occluded lumen. VCAM-1
immunostaining in microvessels was rare (Figure 2E).
E-selectin expression by the luminal endothelium was
light and blurry or negative. Vessels positive for
E-selectin also had a better-preserved lumen. In 6
inflamed vessels from different patients, E-selectin was
positive in microvessels. In 2 vessels from a single
sample, luminal endothelium expressed L-selectin.

In healed lesions, luminal endothelium stained
negatively or very weakly for all constitutive and induc-
ible endothelial adhesion molecules. Microvessels ex-
pressed ICAM-1, ICAM-2, PECAM-1, and P-selectin,
but no immunoreactivity for VCAM-1 or E-selectin was
detected.

In 10 cases, endothelia of noninflamed vessels
from patients with PAN clearly expressed E-selectin
(Figure 2G), and in 3 cases they expressed VCAM-1. In
7 samples, L-selectin was also clearly positive in endo-
thelia from noninflamed vessels (Figure 2H).

Expression of adhesion molecules in inflamma-
tory infiltrates. In most cases, infiltrating leukocytes
strongly expressed £, (CD18 and lymphocyte function—
associated antigen 1 [LFA-1]) and B, (VLA-4) integrins,
although the percentage of positivity varied (Table 4). In

Figure 3. A, CD18 and B, intercellular adhesion molecule 3 (ICAM-3) immunostaining. No

Leukocyte LFA-1

ICAM-1 1 2 3 4
1 6 2 2 0
2 1 3 3 0
3 1 0 9 0
4 0 0 0 1

* Semiquantification of positive leukocytes: 1 = 0-10%; 2 = 10-40%;
3 = 40-70%; 4 = 70-100%. Values are the number of samples with
each score. The association between ICAM-1 expression and LFA-1
expression was significant at P < 0.0001. See Table 2 for definitions.

addition, a notable, although variable, percentage of
infiltrating cells were positive for the immunoglobulin
superfamily members ICAM-1 and ICAM-3 (Table 4).
In contrast, immunostaining for VCAM-1 and
PECAM-1 was observed in only 9% and 36% of cases,
respectively, and in a lower number of infiltrating cells
(<10% for VCAM-1 and 5-30% for PECAM-1). CD18
was mainly expressed by central leukocytes, whereas
ICAM-3 was clearly more positive on the periphery of
the lesion, surrounding the adventitial microvessels
when present (Figure 3). No relationship between the
expression of any of these molecules and clinical fea-
tures, previous treatmeni with corticosteroids, tissue
source (muscle versus nerve), or histologic pattern was
observed. Leukocyte expression of L-selectin was infre-
quent, and the percentage of positive cells was low
(always <20%) and had a tendency to be higher in early
lesions versus well-established lesions.

An association between ICAM-1 and LFA-1 ex-
pression in infiltrating cells was observed (P < 0.0001)
(Table 5), as was an association between leukocyte
expression of VLA-4 and endothelial expression of
VCAM-1 (P = 0.046) (Figures 2E and F and Table 6).

#

te that while CD18

is strongly expressed in the center of the lesion, ICAM-3 has a peripheral distribution. (Original magnification

X 200.)
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Table 6. Association between the expression of endothelial
VCAM-1 and the expression of leukocyte VLA-4 in polyarteritis
nodosa lesions”

Cellular VLA-4
VCAM-1 1 2 3 4
0 8 3 3 1
1 1 6 6 1
2 0 1 0 1

* Semiquantification of positive leukocytes: 1 = 0-10%; 2 = 10-40%;
3 = 40-70%; 4 = 70-100%. Semiquantification of endothelial immu-
nostaining: 0 = —; 1 = +; 2 = ++. Values are the number of samples
with each score. The association between vascular cell adhesion
molecule 1 (VCAM-1) expression and very late activation antigen 4
(VLA-4) expression was significant at P = 0.046.

The presence of neutrophils, identified by neutrophil
elastase, was variable, and correlated significantly with
endothelial expression of E-selectin (P = 0.009) (Figures
2A and B and Table 7).

DISCUSSION

Little is known about adhesion molecule expres-
sion in systemic vasculitis. Previously published studies
addressed only a limited number of adhesion molecules
(mostly E-selectin, the immunoglobulins ICAM-1 and
VCAM-1, and the integrins LFA-1 and VLA-4) in small
and heterogeneous populations (13,20-25). Moreover,
changes in the pattern of adhesion molecule expression
in relation to disease duration and/or activity have been
investigated only in cutaneous vasculitis (16). Wawryck
et al observed strong ICAM-1 and LFA-1 expression in
infiltrating leukocytes in 11 patients with giant celil
arteritis (20). Endothelial cells also expressed ICAM-1,
but the level of expression was not significantly different
from that in controls. Panegyres et al demonstrated
up-regulated ICAM-1 expression on endothelial cells in
luminal endothelium of muscle and nerve samples from
a heterogeneous group of patients with different vascu-
litides (21).

In the present study, we have shown that adhe-
sion molecule expression followed a dynamic pattern
throughout the previously defined histologic stages of
PAN lesions. The expression of constitutive adhesion
molecules, i.e., ICAM-1, ICAM-2, PECAM-1, and
P-selectin, remained preserved in the luminal endothe-
lium of early PAN lesions. In contrast, in well-
established lesions, the intensity and definition of the
immunostaining decreased in the luminal endothelium,
but it was sharp and intense in microvessels within and
surrounding the inflammatory infiltrates. In healed le-

sions, the luminal endothelial staining tended to become
negative, and adhesion molecule expression decreased
in microvessels. Since a similar pattern was observed
with the endothelial cell marker ulex europaeus, we
conclude that luminal endothelium becomes damaged
throughout the vasculitic process and eventually disap-
pears. The observation that microvessels were virtuaily
absent from normal medium-sized and small vessels of
PAN patients and were mostly present in well-
established and healed (obsolescent) lesions indicates
that microvessels present in PAN infiltrates are probably
neovessels derived from inflammation-induced angio-
genesis.

To our knowledge, there are no previous reports
on the distribution of ICAM-2, PECAM-1, and
P-selectin in inflammatory diseases and vasculitis. Focal
absence of PECAM-1, which is constitutively expressed
by healthy renal endotheliai cells, has been observed in
patients with renal allograft rejection, probably also
reflecting endothelial injury (32).

E-selectin was expressed in luminal endothelium
of early lesions as well as in endothelium of noninflamed
vessels of PAN patients, but not in advanced lesions or
in control specimens. These findings may reflect the
transient nature of E-selectin expression, as demon-
strated in cell culture systems (33). Therefore, the
absence of staining does not necessarily exclude the
possibility of an important role of this molecule in the
earlier stages of vascular inflammation. Qur observa-
tions support the hypothesis that E-selectin is expressed
at the beginning of the inflammatory process, even in
well-preserved vessels without inflammatory infiltrates,
and subsequently disappears. Functional changes thus
precede morphologic evidence of inflammation and
endothelial damage. The notion of E-selectin involve-
ment in the initial steps of the inflammatory process is
also supported by the fact that there is a significant

Table 7. Association between the expression of endothelial
E-selectin and the expression of neutrophils (neutrophil elastase) in
polyarteritis nodosa lesions*

Neutrophil elastase

E-selectin 1 2 3
0 15 1 0
1 3 1 3
2 3 3 1
* Semiquantification of endothelial immunostaining: 0 = —; 1 = +;

2 = + +. Semiquantification of neutrophilic elastase-positive cells: 1 =
0-5%; 2 = 10-30%; 3 = >30%. Values are the number of samples
with each score. The association between E-selectin expression and
neutrophilic elastase expression was significant at P = 0.009.
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association between the expression of this adhesion
molecule and the presence of neutrophils in inflamma-
tory infiltrates. This association was previously observed
by Sais et al in patients with cutaneous leukocytoclastic
vasculitis (16) and by Bradley et al in skin biopsy samples
from a heterogeneous group of patients with cutaneous
and systemic vasculitis (25). Our earlier observation that
soluble E-selectin levels are elevated in PAN patients
irrespective of disease duration or immunosuppressive
drug treatment (34) may be due to the coexistence of
lesions at different stages of evolution, which occurs
almost invariably in this disease.

VCAM-1 was also expressed in endothelial cells
of PAN lesions. Its expression varied among patients
and even among different lesions in the same sample. It
was mostly expressed .in well-established lesions with a
relatively well-preserved lumen. We also found a signif-
icant association between endothelial VCAM-1 immu-
nostaining and leukocyte expression of «,, the common
a chain of VLA-4 and «,f3, integrins, which act as
VCAM-1 receptors.

In spite of the fact that regulation of adhesion
molecule expression may vary among different vascular
beds, we found similar endothelial immunostaining be-
tween muscle and nerve samples. Overall, our findings
suggest that, except in early phases, luminal endothelium
is unlikely to participate in leukocyte adhesion in PAN.
Conversely, the remarkable expression of adhesion mol-
ecules by microvessels suggests that angjogenesis has an
important role in leukocyte recruitment, and therefore
in sustaining inflammation in PAN lesions.

A correlation between LFA-1 and ICAM-1 levels
in infiltrating leukocytes was observed, suggesting that
homotypic interactions may contribute to the consolida-
tion of inflammatory infiltrates. Although virtually al
circulating leukocytes express CD18, the common S
chain of B, integrins, surprisingly, ~40% of infiltrating
leukocytes were CD18 negative. We have observed a
similar phenomenon in polymyositis and dermatomyosi-
tis infiltrates (19). Down-regulation of integrins in leu-
kocytes after completion of the transmigration process
might account for this observation, but, to our knowl-
edge, this phenomenon has not been tested in functional
studies. Alternatively, since leukocyte integrins undergo
conformational changes upon activation, it may be pos-
sible that the CD18 MADb used in the present study failed
to detect activation-related epitopes.

While CD18 was expressed mainly in the center
of the lesion, ICAM-3 predominated at the periphery of
vascular infiltrates, where macrophages are the main cell
population (8), and surrounded microvessels. We have
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recently shown that signaling through ICAM-3 activates
lymphocyte integrins and stimulates lymphocyte adhe-
sion to endothelial cells (35). Strong ICAM-3 expression
by leukocytes surrounding microvessels may then facili-
tate leukocyte adhesion and transmigration. It has been
shown that ICAM-3 is shed from the lymphocyte mem-
brane upon activation (36). Therefore, lymphocytes pen-
etrating deeper in the vessel wall may have shed ICAM-3
from their surface. Recently, ICAM-3 expression by
tumor-associated angiogenesis has been reported
(37,38). However, we were not able to demonstrate
endothelial ICAM-3 expression by luminal endothelia or
by microvessels in PAN lesions. Endothelial ICAM-3
expression has only rarely been seen in angiogenesis
associated with other chronic inflammatory diseases,
such as rheumatoid arthritis (38).

L-selectin was expressed in only a small percent-
age of infiltrating leukocytes in early lesions. This mol-
ecule is expressed by most leukocytes but no other cell
types, and is shed from the cell membrane upon leuko-
cyte activation (39,40). This may explain the lack of
L-selectin immunostaining of most tissue-infiltrating
leukocytes in PAN lesions. Although increased levels of
circulating L-selectin would then be expected in patients
with PAN, in a previous study we observed diminished
serum L-selectin levels in these patients (34). To explain
this finding, it has been postulated that circulating
L-selectin would bind to activated endothelial cells (41).
Interestingly, we have now found, in some samples,
positive immunostaining for L-selectin in endothelial
cells from patients with PAN, even in noninflamed
vessels.

Corticosteroid therapy may influence adhesion
molecule expression or function in chronic inflammatory
diseases. It is now well established that adhesion mole-
cule expression is regulated by the transcription factor
nuclear factor kB (NF-«B). NF-kB-activated transcrip-
tion of genes involved in the inflammatory response is
blocked by corticosteroids at different levels (42). Re-
cently, in in vitro studies, Cronstein et al demonstrated
that, indeed, corticosteroids decrease endothelial
ICAM-1 and E-selectin expression induced by lipopoly-
saccharide or interleukin-1 (43). In addition, Youssef et
al have observed decreased expression of E-selectin and
ICAM-1 in synovium of patients with rheumatoid arthri-
tis following treatment with high-dose methylpred-
nisolone (44). After several months of low-dose cortico-
steroid treatment, adhesion molecules are down-
regulated in synovial samples from polymyalgia
rheumatica patients (45).

‘We did not observe any differences in adhesion
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molecule expression between treated and untreated
patients. However, our treated patients had received
only moderate doses of corticosteroids, or high doses for
only a short period of time, and at the time biopsies were
performed all had clinical evidence of disease activity.
Although, as we showed in a previous study (8), cortico-
steroid treatment at a similar dosage was able to down-
regulate interleukin-2 receptor expression and decrease
lymphocyte proliferation, it was probably not sufficient
to down-regulate adhesion molecule expression. Inter-
estingly, in PAN patients followed up longitudinally,
circulating ICAM-1 and E-selectin levels remained ele-
vated in spite of an appropriate clinical response to
corticosteroid and immunosuppressive drug therapy
(34). The persistence of inflammatory lesions despite
treatment has also been observed in other vasculitides
and suggests that, while some components of the disease
are highly responsive to treatment, others are more
refractory and probably contribute to subsequent re-
lapses (46-50).

Monoclonal antibodies that block functional
epitopes of adhesion molecules have efficiently pre-
vented the development of inflammatory lesions and
clinically apparent disease in animal models of several
autoimmune disorders (51-55), and some of these anti-
bodies have been investigated in phase I/1I clinical trials
(13,56,57). Although further studies are required, our
results suggest that PAN might also be considered
among the autoimmune diseases that could potentially
benefit from anti-adhesion therapy.
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Sintesi dels resultats

1 - L'endoteli de les lesions vasculars dels pacients amb PAN classica
sofreix modificacions al llarg del procés evolutiu d'aquestes: en les
lesions incipients roman morfoldgicament preservat, en les lesions
establertes I'endoteli luminal es destrueix parcialment o totalment i
apareix microvascularitzacié a I'entorn o enmig de l'infiltrat inflamatori; i
en les lesions cicatricials, I'endoteli luminal desapareix i disminueix la

microvasculatura neoformada.

2 - La intensitat de I'expressio de les molecules d'adhesié endotelials es
correlaciona amb I'estadi histoldgic de la lesié vascular. Atés que en la
PAN coexisteixen lesions en diferents estadis evolutius, I'expressio
d’'aquestes molécules pot variar fins i tot entre diferents lesions en un

mateix pacient.

3 - Les molécules d'adhesié endotelials selectina-E i VCAM-1 son
induides en I'endoteli luminal de lesions incipients de malalts amb PAN

classica i en els vasos neoformats de les lesions establertes.

4 - L'expressié de les molécules d'adhesié constitutives de I'endoteli
ICAM-1, ICAM-2, PECAM-1 i selectina-P disminueix en I'endoteli luminal
de les lesions inflamatories establertes i apareix en la neovascularitzacio
d'aquestes lesions. En les lesions cicatricials, també disminueix la seva

expressio en els vasos neoformats.

5 - L'expressié endotelial de selectina-E es correlaciona amb el nombre
de neutrdfils presents en l'infiltrat inflamatori. L'expressié endotelial de
VCAM-1 es correlaciona amb l'expressié leucocitaria de VLA-4, i
'expressié leucocitaria d'ICAM-1 es correlaciona amb I'expressio

leucocitaria de LFA-1.
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6 - No s'observa cap correlacid entre l'expressié de les molecules
d'adhesio estudiades i les caracteristiques cliniques segtents: edat, sexe,
temps d'evolucido de la malaltia i resposta inflamatoria sistémica
(determinada per febre, perdua de pes i velocitat de sedimentacid

globular elevada).
7. El tractament amb corticoids a dosis baixes o durant un periode curt de

temps no modifica I'expressio de les molécules d'adhesid en les lesions

vasculars de la PAN.
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2. CIRCULATING SOLUBLE ADHESION MOLECULES IN PATIENTS
WITH CLASSICAL POLYARTERITIS NODOSA

Molécules d'adhesié solubles circulants en pacients amb poliarteritis

nudosa classica
Blanca Coll-Vinent, Josep M Grau, Alfons Lépez-Soto, Joaquim Oristrell,
Carme Font, Xavier Bosch, Eduard Mirapeix, Alvaro Urbano-Marquez,

Maria C Cid

British Journal of Rheumatology 1997:36:1178-1183
(pagines 57-62)
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Donat que en el treball anteriorment presentat hem demostrat una
participacié activa de 'endoteli vascular en el desenvolupament dels
infiltrats vasculars en la PAN, el pas seguent ha estat investigar si
aquesta participacié es reflecteix en els nivells de les molécules
d’adhesid solubles circulants en pacients afectes de la mateixa malaltia i
si la instauracidé del tractament i la subsegilent remissidé clinica tenen
alguna traduccid en canvis en els nivells circulants de les mateixes
molécules.

Amb aquesta finalitat hem aplicat la técnica immunohistoquimica
d’ELISA (enzyme-linked immunosorbent assay) amb anticossos
monoclonals especifics per les selectines E, L i P i les immunoglobulines
ICAM-1 i VCAM-1 en serums i plasmes de malalts amb PAN en activitat
comparant-los amb controls sans, i posteriorment hem fet un seguiment

en un subgrup d’aquests malalts.
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CIRCULATING SOLUBLE ADHESION MOLECULES IN PATIENTS
WITH CLASSICAL POLYARTERITIS NODOSA

B. COLL-VINENT, J. M. GRAU, A. LOPEZ-SOTQ, J. ORISTRELL,™ C. FONT,
X. BOSCH, E. MIRAPEIX,* A. URBANO-MARQUEZ and M. C. CID

Departments of Internal Medicine and * Nephrology, Hospital Clinic and ¥ Department of Internal Medicine,
Hospital de Sabadell, University of Barcelona, Barcelona, Spain

SUMMARY

The objective was to evaluate whether changes in circulating soluble adhesion molecule levels reflect disease activity in
patients with systemic polyarteritis nodosa (PAN). A sandwich ELISA was used to measure soluble (s) intercellular adhesion
molecule 1 (sSICAM-1), vascular cell adhesion molecule 1 (sVCAM-1), E-selectin, L-selectin and P-selectin in sera and plasma
from 22 patients with active PAN, in sera from 13 of these patients taken serially during follow-up, and in sera from 13
healthy controls. At the time of diagnosis. SICAM-1, sVCAM-1 and sE-selectin levels (488.5+201.3. 1176.5 +514.1 and
60.6 + 27 ng/ml. respectively) were significantly higher in patients than in controls (? < 0.0001, P = 0.001 and P = 0.003.
respectively). In contrast, sL-selectin levels tended to be lower in patients than in controls. Within the first 7 days after
starting treatment, there was a significant increase in sSICAM-1 concentrations, which fell thereafter, but did not completely
reach normal levels when patients achieved clinical remission. sE-selectin also remained elevated during follow-up. Only
sVCAM-1 decreased, tending to reach normal values in inactive disease. Increased levels of sICAM-1, sVCAM-1 and
sE-selectin, and, decreased levels of sL-selectin, in active PAN suggest immune and endothelial stimulation during disease
activity. Abnormal levels of soluble adhesion molecules in clinically inactive patients might reflect persistence of immune
activation and/or endothelial cell exposure to a remaining inflammatory microenvironment.

KEY worps: Polyarteritis nodosa, Adhesion molecules, Inflammation.

LoNG-TERM follow-up of patients with systemic vas- receptors of the immunoglobulin superfamily:
culitis has demonstrated that while immunosuppres- intercellular adhesion molecule 1 (ICAM-1), I[CAM-2
sive therapy has been life saving for most patients, it and vascular c&ll adhesion molecule 1 (VCAM-1).
fails to induce a sustained remission in a remarkable These interactions are also involved in leucocyte
proportion of individuals [1-3]. Subsequent relapses transmigration through the endothelial layer [4-7].
increase therapeutic requirements and, consequently, Circulating forms of selectins and immunoglobulin
treatment-related morbidity and mortality. Clinical or superfamily members have been detected on human
laboratory findings identifying patients at high risk of serum and plasma. These molecules are shed from
relapse have not been recognized. In addition, our the cell membrane or directly generated as splice var-
understanding of how immunosuppressive therapy iants lacking the transmembrane and cytoplasmic
influences vascular inflammation, injury and repair is domain. Increased levels of circulating adhesion
still very limited, and accurate parameters discrim- molecules have been detected in disorders where
inating persistent subclinical inflammatory activity leucocyte/endothelial cell interactions play a signific-
from true remission have not been identified. ant role, namely infections, neoplasms and chronic
Over the past few years, cell-cell interactions criti- inflammatory diseases [8~12]. In virro studies have
cally involved in the development of inflammatory shown that these soluble forms appear in the super-
lesions have been discovered. Regardless of the natant of activated leucocytes or cytokine-stimulated
primary immunopathogenic mechanisms, the develop- endothelial cells [8,13]. For that reason, elevated cir-
ment of vascular inflammatory infiltrates requires culating levels of soluble adhesion molecules have
dynamic interactions between leucocyte surface recep- been considered a consequence of endothelial and/or
tors and their ligands on the endothelial cell surface. immune activation.
In order to infiltrate tissues, circulating leucocytes In this study, we measured circulating levels of
roll over the endothelial cell membrane through inter- soluble (s) ICAM-1, VCAM-1, E-selectin, L-selectin
actions between carbohydrates and selectins (L-selec- and P-selectin in patients with systemic polyarteritis
tin on leucocytes, P-selectin and E-selectin on the nodosa (PAN), both at the time of diagnosis and
endothelial cells). Additional stimuli (chemokines and during follow-up, in order to evaluate whether
other co-stimulatory signals) activate leucocyte integ- changes in soluble adhesion molecule levels may
rins, which bind tightly to their endothelial counter- reflect disease activity.

PATIENTS AND METHODS

Submitted 18 November 1996; revised version accepted 21 April

1997. Patients
Correspondence to: J. M. Grau, Department of Internal Twenty-two patients were included in the Stufj)’»
Medicine, Hospital Clinic, Villarroel, 170.08036 Barcelona. Spain. They all had a muscle and/or nerve biopsy showing
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TABLE 1
Clinical features of patients included
n (0/0)
Sex (male;female) 11 11 (50/50)
Age (vr: mean. range) 63 (43-77)
Previous treatment { <1 week) 3(14)
Clinical manifestations
General* 20 (91)
Neuromuscular 16 (73)
Othert 5(23)

*Includes malaise. anorexia, weight loss (>10% of initial weight)
and/or fever.
TIncludes abdominal pain. arthralgias and/or livedo reticularis.

vasculitis in medium-sized vessels and fulfilled the
ACR classification criteria for PAN [14]. Twenty-one
patients were HBsAg negative. The remaining patient
was not tested. None of these patients had micro-
scopic polyangiitis as defined by the Chapel Hill
International Consensus Conference {15]. Clinical fea-
tures are summarized in Table I..Serum from I8
patients and plasma from four patients with active
PAN were obtained at the time of diagnosis, frozen
at —70°C, and stored until analysis. None of these
patients had received immunosuppressive therapy for
more than 7 days. Sera from 10 and plasma from
three of these patients were subsequently obtained at
different times during follow-up (Table II). Whenever
samples were drawn, the presence of any other dis-
ease, such as infection or neoplasia, was excluded.
All these patients but one (who was treated with
prednisone. 1 mg/kg/day) were or had been treated
with prednisone (0.5-1mg/kg/day) and cyclophos-
phamide (1-2mg/kg/day), and followed during a
median period of 15 months (range 1-36). None of
these patients experienced relapses during the follow-
up period. PAN was considered active when patients
were clinically symptomatic and evaluated previously
or within the first week after starting treatment. We
considered a patient to be in remission when he/she
fulfilled the following conditions: (a) none of the
signs or symptoms present at the time of disgnosis
was present anymore; (b) there were no new signs
or symptoms attributable to PAN; (c¢) biological
markers of disease activity (erythrocyte sedimentation

TABLE 11
Clinical status of the patients at the time when samples were
obtained during follow-up

Group Description

1 Active untreated patients

2 Patients at the beginning of treatment (1-7 days of
treatment)

3 Patients with partial clinical remission between the first
week and the first 3 months of treatment

4 Patients in remission still receiving immunosuppressive
therapy

wn

Patients in remission no longer receiving
immunosuppressive therapy

rate, C-reactive protein and platelet count) were
within the normal range. Persistent sequelae due to
vasculitic lesions as defined by Bacon er al. [16] did
not exclude remission. Accordingly, patients in groups
I and 2 were considered active; patients in group 3
were judged as having low-grade clinical activity; and
groups 4 and 5 were considered to be in remission.

All samples were obtained with the previous con-
sent of the patients.

Control serum samples were obtained from 13
healthy volunteers, seven men and six women, aged
43-77 (mean 63.2).

Quantitation of soluble adhesion molecules

sICAM-1, sVCAM-1, sE-selectin, sL-selectin and
sP-selectin levels were determined by a sandwich
ELISA technique. We used commercially available
kits from British Bio-technology Products, Abingdon.
for sSICAM-1, sVCAM-1 and sE-selectin, and kits
from Bender MedSystems, Vienna, Austria, for
sL-selectin and sP-selectin. The procedure was per-
formed according to the manufacturer’s instructions.
Briefly, a horseradish peroxidase-conjugated mono-
clonal antibody against sICAM-1, sVCAM-I,
sE-selectin, sL-selectin or sP-selectin was added to
microtitre plates coated with a murine monoclonal
IgG antibody recognizing a different epitope of
the corresponding molecule. After incubation with
patient and control samples or standards in appropri-
ate dilution, the colour reaction was developed with
tetramethylbenzidine, and the plates were read on an
automated multiscanner at 450 nm wavelength and at
600 nm wavelength to correct for background signal.
All measurements were performed in duplicate.

The calculated overall intra-assay coefficient of
variation was 5.5% for sL-selectin and 2.8% for
sP-selectin (Bender MedSystems). For sE-selectin,
sSICAM-1 and sVCAMS-1, the intra-assay coefficient
of variation was 4.8, 4.4 and 5%, respectively (R&D
Systems).

The interassay coefficient of variation was 7.6%
for sL-selectin, 6% for sP-selectin, 7.4% for sE-selec-
tin, 7.4% for sSICAM-1 and 9.2% for sVCAM-1.

Statistical analysis

Data presented are means + S.D. For comparison
between active patients and controls, Student’s #-test
was used. For comparison among groups in the long-
itudinal study, ANOVA was used. Bonferroni’s
method was applied to correct for multiple compar-
isons [17]. P values (two-tailed) <0.05 were consid-
ered significant.

RESULTS

Circulating adhesion molecules in the control group

Mean + s.D. values of control serum samples were
as follows: sSICAM-1 246.8 + 658 ng/mi, sVCAM-I
717.3+ 175 ng/ml, sE-selectin 34.1 +14.2 ng/ml,
sL-selectin  847.9 +220.9 ng/ml and sP-selectin
314.8 4 155.7 ng/ml.
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FIG. 1.—Box plots indicating range (error bars), 25-75% interval and median value (horizontal line) of levels of soluble adhesion molecules
(sICAM-1, sVCAM-I1, sE-selectin, sL-selectin and sP-selectin) in our patients at the time of maximal disease activity (1) and in 13 healthy

controls (0).

Soluble adhesion molecule levels in active PAN patients

At the time of maximal disease activity, SICAM-1
(488.54+201.3 ng/ml), sVCAM-1 (1176.5+514.1
ng/ml) and sE-selectin levels (60.6 + 27 ng/ml) were
significantly higher than in controls (P < 0.0001,
P = 0.001 and P = 0.003, respectively). sL-selectin
levels (743.4 + 182.5 ng/ml) were lower than in con-
trols, but the difference was not statistically signific-
ant (P = 0.139). sP-selectin levels (275.4 4+ 148.3
ng;ml) were not statistically different from those in
controls (P = 0.461) (Fig. 1).

No differences were found between serum and
plasma levels of sSICAM-1, sVCAM-1, sL-selectin and
sP-selectin (P = 0.226, 0.709, 0.406 and 0.572, respect-
ively). sE-selectin was not tested in plasma samples.

Soluhble adhesion molecules during follow-up (Fig. 2)
SICAM-1. At the time of maximal disease activity

(group 1), sICAM-1 levels were significantly higher

than in controls (P < 0.0001). At the beginning of

treatment (group 2), a large increase in sSICAM-1 was
observed (P = 0.0004), which decreased thereafter
(from group 3 on), although it never reached normal
values (differences between group 5 and controls were
still statistically significant; P = 0.011).

sVCAM-I. In active patients. sVCAM-1 levels were
significantly higher than in controls (P = 0.004).
After the beginning of treatment, there was a trend
to a slight increase, and then levels tended to be sim-
ilar to normal controls. Differences between samples
obtained from patients in remission and controls
were not statistically significant (P = 0.536).

sE-selectin. In active patients, E-selectin levels were
higher than in controls and than in all the other
groups (P = 0.005). Subsequently, they decreased but
remained elevated, without reaching normal values
(P < 0.01).

sL-selectin. In all groups, sL-selectin levels were
lower than in controls. Although this difference did
not reach statistical significance at the time of
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FIG. 2.—Mean and s.D. levels of soluble adhesion molecules (SICAM-1, sVCAM-1, sE-selectin, sL-selectin and sP-selectin) during follow-up.
Numbers on the horizontal axis represent the groups described in Table II. The broken line stands for the mean level found in the control

group.

maximal disease activity (P = 0.327), it became
significant when remission began (from group 3 on;
P = 0.01).

sP-selectin. A significant peak in sP-selectin concen-
tration was observed in patients treated for <1 week
(P = 0.006), but none of the other groups differed
significantly from controls.

DISCUSSION

Our results show that in patients with active PAN,
circulating sSICAM-1, sVCAM-1 and sE-selectin levels
are elevated compared with those found in healthy
matched controls. Given the widespread constitutive
endothelial expression of ICAM-1 and its potential
induction in a variety of cells under appropriate stim-
uli, the mechanisms leading to sSICAM-1 increase are
probably complex and heterogeneous. Elevated
sICAM-1 may reflect both immune and endothelial
activation [8]. Conversely, VCAM-1 has a more
restricted distribution, mainly on the endothelium,

and E-selectin is exclusively expressed by endothelial
cells. Both VCAM-1 and E-selectin have a low or
absent constitutive endothelial expression and are
induced by proinflammatory cytokines [4,18].
Accordingly, it is likely that the major source of
these adhesion molecules is activated endothelial cells
from inflamed vessels. Increased levels of circulating
ICAM-1, VCAM-1 and E-selectin have been detected
previously in other vasculitides. Most of these clinical
studies, restricted to a single molecule, include miscel-
laneous patients with different vasculitis syndromes
and, therefore, the results are difficult to interpret
[9,10,19,20]. Attempts to study the pattern of var-
ious circulating adhesion molecules in homogeneous
groups of patients have found elevated concentra-
tions of sICAM-1 and sVCAM-1 in Wegener's
granulomatosis [11,12), particularly in patients with
extensive organ involvement compared with those
with limited disease [11]. Increased levels of sSICAM-1
and sE-selectin have also been shown in Kawasaki
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disease [21.22], with higher sICAM-1 concentrations
in patients with coronary artery lesions [21]. Raised
levels of E-selectin were also found in a previous
study performed on giant cell arteritis and polyarteri-
tis nodosa patients [23]. While sICAM-1 and
sVCAM-1 seem to be elevated in all the vasculitis
studied, two independent groups have failed to
demonstrate increased sE-selectin levels in Wegener's
granulomatosis [9,11], and another one found ele-
vated levels of sICAM-i. but not sE-selectin, in
rheumatoid vasculitis [24]. These observations suggest
a possible preferential use of particular adhesion
pathways in different vasculitis syndromes.
Circulating P-selectin and L-selectin have not been
thoroughly studied in vasculitis. In our patients,
P-selectin levels were not significantly elevated. In
vitro studies have shown that although P-selectin
svnthesis can be enhanced by cytokines [25], its trans-
location to the cell membrane from the granules
where 1t 1s stored is a rapid process driven by acute
inflammatory mediators [25,26]. Consequently, P-
selectin probably plays a role at the very initial steps
of leucocvte/endothelial cell interactions and, at the
time our patients were diagnosed, they all had well-
established lesions of several weeks duration.
Interestingly, circulating L-selectin, which is shed
from the cell membrane upon leucocyte activation
[25,26], tended to decrease in PAN patients. This
apparent paradox has also been observed in
Kawasaki disease [27]. Critically ill patients with low
sL-selectin levels are at higher risk of developing
adult respiratory distress syndrome {28]. It has been
postulated that circulating L-selectin binds to dif-
fusely activated endothelium in these conditions.
Curiously, in patients followed longitudinally, a
transient increase in sSICAM-1 and sP-selectin concen-
trations was observed during the first few days after
starting therapy. This phenomenon might indicate a
release of bound soluble adhesion molecules and sug-
gests that treatment might modulate receptor/ligand
affinity. Little is known about how corticosteroid or
immunosuppressive therapy influences adhesion mole-
cule expression or function. Corticosteroids decrease
cytokine production [29] which, in turn, may reduce
adhesion molecule production. In addition, in in vitro
studies, Cronstein et /. [30] have demonstrated that
corticosteroids directly decrease endothelial ICAM-1
and E-selectin expression induced by lipopolysacchar-
ide or interleukin-1. However, these potentially
downregulatory effects of corticosteroids on adhesion
molecule synthesis were not observed in our patients
with PAN. In patients followed longitudinally.
ICAM-1 and E-selectin remained elevated in spite of
an appropriate clinical response to corticosteroid and
immunosuppressive therapy. Only VCAM-1 tended
eventually to normalize. Although long-term follow-
up studies are still not available, other authors have
also noticed elevated levels of adhesion molecules in
vasculitis patients in remission [11,23]. Corticosteroid
and immunosuppressive agents often induce clinical
remission in patients with PAN. The tendency of sys-

temic vasculitis to relapse. and the histopathological
evidence of persistent inflammatory lesions demon-
strated in some treated patients [1-3.31]. suggest that
some components of the disease are highly responsive
to current treatments. whereas other components are
more refractory. Consequently. elevated levels of
soluble adhesion molecules in patients apparently in
remission might reflect a persistent exposure of
endothelial cells to a mild remaining inflammatory
microenvironment. Whether adhesion molecule detec-
tion may help in discriminating low-grade subclinical
activity from true remission deserves further invest-
igation in large, prospective, long-term follow-up
studies.
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Blanca Coll-Vinent i Puig

Sintesi dels resultats

1 - En pacients amb PAN en activitat, els nivells de les formes solubles
d'ICAM-1, VCAM-1 i selectina-E estan significativament elevats respecte
els controls sans, els nivells de selectina L-s disminueixen i els de

selectina P-s no es modifiquen significativament.
2 - Després d'un seguiment mig de 15 mesos (1-36 mesos), els nivells de

les formes solubles d'ICAM-1 i selectina E persisteixen elevats en els

pacients amb PAN, encara que estiguin en remissio clinica.
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3. CIRCULATING SOLUBLE ADHESION MOLECULES IN PATIENTS
WITH GIANT CELL ARTERITIS. CORRELATION BETWEEN- SOLUBLE
INTERCELLULAR ADHESION MOLECULE-1 (sICAM-1) LEVELS AND
DISEASE ACTIVITY

Molecules d'adhesié solubles circulants en pacients amb arteritis de
cél-lules gegants. Correlacié entre els nivells d'lCAM-1 soluble i I'activitat

de la malaltia
Blanca Coll-Vinent, Carme Vilardell, Carme Font, Joaguim Oristrell, José
Hernandez-Rodriguez, Jordi Yagiie, Alvaro Urbano-Marquez, Josep M

Grau, Maria C Cid

Annals of the Rheumatic Diseases. En premsa ,

(pagines 69-86)
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En [lanterior treball, no solament hem demostrat una activacio
immunoldgica /o endotelial en la fase activa de la PAN, siné també una
persisténcia d’aquesta activacié malgrat una resposta clinica i biologica al
tractament instaurat (corticoids i immunosupressors), observacié que per
la seva possible trascendéncia per al seguiment dels malalts, prevencio
de recidives i decisi®é sobre el moment idoni per a la retirada del
tractament, déna peu a prosseguir I'estudi en aquest camp. L'ACG és una
vasculitis que presenta una rapida resposta clinica i bioldgica als
corticoids, perd amb la retirada del tractament poden aparéixer recidives.
Donat que la clinica, la histopatologia i la resposta al tractament és
diferent en 'ACG respecte la PAN, en el tercer treball presentat hem
volgut investigar si la variacié en els nivells de les moléecules d’adhesio
solubles en 'ACG és similar al de la PAN o bé si reflecteix la diferent
evolucid clinica.

Per aquest estudi hem aplicat la técnica d’ELISA amb anticossos
monoclonals dirigits contra les selectines E i P, i les immunoglobulines
ICAM-1, ICAM-3 i VCAM-1 en sérums i plasmes de malalts amb ACG en
activitat i en I'evolucié posterior al tractament, en dos estudis: un estudi
transversal, en el qual també hi hem inclds controls sans, i un estudi

longitudinal.
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ABSTRACT

Objective. To evaluate whether changes in levels of circulating adhesion molecules are

related to disease activity in patients with giant cell arteritis (GCA).

Methods. A sandwich ELISA was used to measure soluble intercellular adhesion
molecule-1 (sSICAM-1), sSICAM-3, vascular cell adhesion molecule-1 (sVCAM-1), E-
selectin (sE-selectin) and L-selectin (sL-selectin) in sera and plasma from patients with
GCA. A cross-sectional study was performed on 64 GCA patients at different activity
stages and on 35 age and sex-matched healthy donors. Thirteen of these patients were

evaluated at the time of diagnosis and serially during follow-up.

Results. At the time of diagnosis, sSICAM-1 levels were significantly higher in active
GCA patients than in controls (360.55 + 129.78 ng/mL versus 243.25 + 47.43 ng/mL,
p<0.001). In contrast, sSICAM-3, sVCAM-1, sE-selectin and sL-selectin levels did not
differ from those obtained in normal donors. With steroid administration, a decline in
sICAM-1 levels was observed, reaching normal values when clinical remission was
achieved (263.18 £ 92.7 ng/mL globally, 293.59 + 108.39 ng/mL in the group of patients
in recent remission, and 236.83 + 70.02 ng /mL in those in long-term remission). In the
thirteen patients followed longitudinally, sSICAM-1 levels also normalized with clinical
remission (225.87 £ 64.25 ng/mL in patients in recent remission, and 256.29 £ 75.15
ng/mL in those in long-term remission).

Conclusions. Circulating sSICAM-1 levels clearly correlate with clinically apparent

disease activity in GCA patients. Differences with results previously found in patients



with other vasculitides may indicate that different pathogenic mechanisms contribute to

vascular inflammation in different disorders.

Key words: adhesion molecules, giant cell arteritis, inflammation



INTRODUCTION

Giant cell (temporal) arteritis (GCA) is a large-vessel vasculitis which affects mostly
elderly people. Histologically, it is characterized by a lymphocyte and macrophage
infiltration of large and medium-sized vessels which frequently exhibits a granulomatous
pattern with giant cell formation. There is no specific treatment for this disease, although
GCA patients present a favorable clinical and biological response to corticosteroids.
However, relapses are not infrequent when corticosteroid are tapered or discontinued,
and accurate parameters discriminating persistent subclinical inflammatory activity from

true remission have not been identified [1].

Important contributions have currently improved our understanding of the
immunopathogenic mechanisms involved in the development of GCA lesions. T
lymphocytes infiltrating the temporal arteries seem to be activated by specific recognition
of a putative antigen residing in the arterial wall and, subsequently, activate
macrophages, which undergo a functional differentiation and contribute to vessel

inflammation and damage through various pathways [reviewed in 1 and 2].

Independently of the primary immunopathogenic mechanisms, the development of
inflammatory infiltrates requires dynamic interactions between leukocyte surface
adhesion receptors and their ligands on the endothelial cell surface [reviewed in 3].
Circulating forms of these adhesion molecules have been detected in human serum and
plasma and increased levels have been detected in disorders where leukocyte/endothelial

cell interactions play a significant role, namely infections, neoplasms and chronic



inflammatory diseases [4]. The role that circulating adhesion molecules play in vivo is not
well known. It has been suggested that elevated circulating levels of soluble adhesion

molecules may reflect endothelial and/or leukocyte activation [5].

In this study, we measured circulating levels of soluble ICAM-1, ICAM-3, VCAM-1, E-
selectin and L-selectin in a large and homogeneous series of patients with biopsy-proven
GCA in order to define the pattern of circulating adhesion molecules in GCA patients
and to evaluate whether changes in soluble adhesion molecule levels are related to

disease activity.

PATIENTS AND METHODS

1. Patients.. The study group consisted of 64 biopsy-proven GCA patients (18 males

and 46 females) aged 74 years (range 57- 88).

A cross-sectional study was performed, and patients were classified according to their
disease activity. GCA was considered active when patients were clinically symptomatic
and evaluated before starting treatment (prednisone 1 mg/Kg/day). Patients were
considered to be in remission when they fulfilled all the following conditions: a) none of
the GCA related signs or symptoms present at the time of diagnosis was present
anymore, b) there were no new signs or symptoms attributable to GCA, and c)
erythrocyte sedimentation rate -ESR- was within the normal range. Among them, we
considered separately patients treated for one month to 2 years in whom remission was

mantained with corticosteroid therapy (recent remission), and patients who, having been



treated for at least 2 years, no longer were receiving corticosteroids (long-term

remission).

Data concerning clinical manifestations at diagnosis were obtained prospectively in
patients with active disease and in those in recent remission. In individuals in long-term
remission, clinical manifestations at presentation were obtained from their records.
Disease activity was evaluated prospectively in all patients. Clinical features recorded
were age, sex, duration of symptoms prior to biopsy, and the presence or absence of the
following: polymyalgia rheumatica, cranial symptoms (hedache, scalp tenderness, jaw
claudication), ischemic symptoms (amaurosis, diplopia, cerebrovascular accident), and

systemic inflammatory response (fever, weight loss, ESR > 85, hemoglobin < 110 g/L).

The control group included 35 healthy blood donnors (10 male, 25 female) aged 73 years

(range 60 - 88).

For the cross-sectional study, 73 determinations (49 sera, 24 plasma) were made: 45 in
active GCA patients, and 28 in patients in remission (13 in recent remission and 15 in

long-term remission).

A longitudinal substudy was done with 13 active patients who underwent serial
determinations at diagnosis (with no treatment), when in complete remission one month
to 2 years after starting corticosteroid therapy (recent remission), and when in long-term

remission, no longer receiving therapy. None of these patients experienced significant



relapses during their follow-up. For that reason, months/years after the initiation of

therapy were considered equivalent to months/years in clinical remission.

2. Soluble adhesion molecule detection. All samples were analyzed for SICAM-1,
sICAM-3, sVCAM-1, sE-selectin and sL-selectin levels by sandwich ELISA according
to the instructions of the manufacturer. We used commercially available kits from British
Biotechnology Products, Abingdon, UK, for sSICAM-1, sVCAM-1 and sE-selectin (BBE
1B, BBE 2B and BBE 3B respectively), and kits from Bender Medsystems, Vienna,

Austria, for SICAM-3 and sL-selectin (BMS 218 and BMS 206 respectively).

3. Statistical analysis. Data are presented as means = SD. For the cross-sectional study,
a Kruskal-Wallis H test was used, correcting p values for multiple comparisons. For the
longitudinal study, a Wilcoxon's rank sum test was employed, also correcting p values
for multiple comparisons. Mann-Whitney U test was used for comparisons between two
groups. Pearson correlation coefficient was used to correlate continuous variables. P-

values (2-tailed) less than 0.05 were considered significant.

RESULTS

No differences were found between serum and plasma levels of SICAM-1, sICAM-3,
sVCAM-1 nor sL-selectin (p = 0.42, 0.86, 0.17, and 0.35 respectively). Plasma sE-
selectin levels were significantly lower than serum levels (p < 0.01). Therefore, for sE-

selectin, only serum samples were considered.



Soluble ICAM-1 levels in active patients (360.55 £ 129.78 ng/mL) were elevated
compared with controls (243.25 £47.43 ng/mL) (p < 0.001 ). Soluble ICAM-1 levels
were higher in active patients than in patients in clinical remission, both when these were
considered globally (263.18 + 92.7 ng/mL, p <0.01), and when only patients in long-
term remission were considered (236.83 + 70.02 ng/mL, p <0.01). Circulating sSICAM-1
values in patients in clinical remission did not differ from normal donors. No significant
differences were observed, either, between patients in recent remission (293.59 +

108.385 ng/mL) compared with those in long-term remission (table 1).

No statistical differences were found in SICAM-3, sVCAM-1, sE-selectin and sL-selectin
levels between active patients and controls, nor between active patients and patients in

remission (table 1).

A significant correlation was found between the number of inflammatory parameters, as
defined in the methods section, and SICAM-1 levels (p < 0.05). No relationship was
observed between circulating levels of any other adhesion molecule studied and the

clinical features recorded.

Results from the longitudinal substudy are shown in figure 1. In keeping with the data
obtained from the cross-sectional study, SICAM-1 levels decreased when clinical
remission was achieved (from 369.63 + 139.17 to 225.87 + 64.25 ng/mL, p < 0.01), and

remained at low levels when treatment was discontinued (256.29 £ 75.15 ng/mL). A



correlation was found between sSICAM-1 levels and ESR values (Pearson's correlation
coefficient, p = 0,034). No significant variation of any of the other adhesion molecules

studied was observed in the longitudinal study.

DISCUSSION

Our results indicate that SICAM-1 levels were elevated in patients with active GCA
compared with levels found in healthy matched controls. Subsequently, sSICAM-1
returned to normal when clinical remission was achieved. In contrast, circulating sSICAM-
3, sVCAM-1, sE-selectin, and sL-selectin levels remained unmodified throughout the

course of the disease.

Circulating adhesion molecules have been studied in a variety of vasculitis syndromes.
Most of these studies include small series of miscellaneous patients with different
vasculitides and, therefore, conclusions are difficult to draw. Studies performed in
homogeneous groups of patients have demonstrated elevated levels of SICAM-1 and
sVCAM-1, but not sE-selectin, in patients with active Wegener’s granulomatosis [6].
Elevated sE-selectin and sSICAM-1 levels have also been demonstrated in patients with
Kawasaki disease [7]. We have previously demonstrated an increase in circulating
SICAM-1, sVCAM-1, sE-selectin, and a decrease in sL-selectin concentrations in
patients with classical polyarteritis nodosa [8]. Variations in the circulating pattern of
soluble adhesion molecules in different vasculitides indicate a high complexity in the
regulatory pathways involved in adhesion molecule expression and release and, probably,

a diversity in the source of circulating adhesion molecules in each condition.



Immunopathologic studies performed on biopsy specimens obtained from homogeneous
series of patients with GCA and patients with polyarteritis nodosa have demonstrated E-
selectin, ICAM-1, and VCAM-1 expression in endothelia of inflammed vessels,
particularly in the adventitial microvasculature and neovessels. Strong ICAM-1 and
ICAM-3 expression as well as occasional VCAM-1 expression have also been observed
in infiltrating leukocytes [9,10]. However, and in contrast with our previous findings in
polyarteritis nodosa [8], only sICAM-1 was significantly elevated in sera from GCA
patients. GCA involves large arteries whereas polyarteritis nodosa involves medium and
small-sized vessels. Consequently, the endothelial surface contributing to the potential
release of adhesion molecules is much wider in polyarteritis nodosa than in GCA. This
fact could account for the elevated concentration of sE-selectin, SICAM-1, and
sVCAM-1 found in polyarteritis nodosa and the lack of significantly elevated

concentrations of adhesion molecules of endothelial origin in GCA.

Interestingly, the pattern of circulating adhesion molecules in our GCA patients is similar
to that found by Macchioni et al. [11] and Meliconi et al. [12] in patients with
polymyalgia rheumatica, a condition closely related to GCA. Patients with isolated
polymyalgia rheumatica lack significant inflammatory vascular lesions in their arteries.
Accordingly, it is not likely that elevated sSICAM-1 found in both conditions is generated
in inflammed arteries. Circulating activated monocytes are a characteristic feature in
both GCA and polymyalgia rheumatica [13] and ICAM-1 is strongly expressed by
activated cells of the monocytic lineage [3]. Activated circulating monocytes could be a

likely source of elevated circulating SICAM-1 found in GCA and polymyalgia
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rheumatica, given the absence of increase of circulating levels of other adhesion

molecules of endothelial origin.

In vitro studies demonstrate that corticosteroid treatment down-regulates adhesion
molecule expression [14]. According to this, we found that raised concentrations of
circulating SICAM-1 returned to normal levels upon corticosteroid treatment in our GCA
patients. The longitudinal study showed a good correlation between sICAM-1 levels and
clinically apparent disease activity and acute phase response as assessed by ESR
measurement. A decrease in SICAM-1 levels upon corticosteroid treatment was also
observed in the cross-sectional study although, since different patients were included in
each group, it was less apparent. In a previous study, we showed that elevated levels of
circulating soluble endothelial adhesion molecules persist in patients with polyarteritis
nodosa in spite of corticosteroid therapy [8]. We have also shown persistence of
abnormally high levels of other products of endothelial origin such as vVWFAg in GCA
patients [15]. The clear decrease in circulating SICAM-1 induced by corticosteroid
treatment further supports a role for activated circulating monocytes as a source of
sICAM-1 in GCA patients since this cell subset is very sensitive to the down-regulatory

effects of corticosteroids [13].

Changes in circulating adhesion molecules follow distinct patterns in different
inflammatory diseases and show a certain level of specificity even in related syndromes
such as the different vasculitides. Studying fluctuations of adhesion molecules along
disease outcome may improve our understanding about the participation of different cell

types in the pathogenesis of the inflammatory reaction in different disorders, the
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assessment of subclinical disease activity and the effects of treatment on specific

pathophysiologic mechanisms.

Abbreviations: GCA: giant cell arteritis, ICAM: intercellular adhesion molecule,
VCAM-1: vascular cell adhesion molecule-1, PECAM-1: platelet endothelial cell

adhesion molecule-1, ELISA: enzyme-linked immunossorbent assay.
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Table 1. Levels of the adhesion molecules studied in the cross-sectional study (ng/mL)*

Adhesion molecule

active patients

n=435

recent remission  long-term remission

n=13

patients in remission

n=15

total
n=28

controls

n=35

sICAM-1

sICAM-3

sVCAM-1

sE-selectin

sL-selectin

360.55 + 129.78 *¢

38.4+206°
705.21 +278.84 °
4446 +28.6°

540.13 +321.07°%

293.59 + 108.385

44.64 + 23

817.76 £ 508.69

50.36 + 33

627.03 +407.68

236.83 £ 70.02

43.71 £20.829

622.34 £353.1

39.84 £26.02

652.63 = 402.33

263.18 £ 92.71

44.14 £21.46

713.07 £435.32

43 +27.82

641.25 +397.04

243.25 +£47.43

35.26 £24.674

661.19 = 254.64

38.33£31.12

467.34 £233.95

* Data are presented as means + SD.

# p compared with controls < 0.001

¢ p compared with patients in remission < 0.01

$ p compared with patients in remission and p compared with controls not significative



LEGENDS

Figure 1. Soluble ICAM-1 levels and ESR values in the longitudinal study. Error bars

indicate standard error of the mean.
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Sintesi dels resultats

13 - En pacients afectes d'ACG en activitat, els nivells de la forma soluble
d'ICAM-1 estan significativament elevats, perd no els de les formes
solubles de selectina E, selectina L, ICAM-3 ni VCAM-1.

14 - Els nivells d'ICAM-1 circulant disminueixen rapidament després de la

instauracié del tractament amb corticoids en pacients afectes d'ACG.
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En la present tesi, hem estudiat, mitjancant diferents treballs,
I'expressio de molécules d'adhesio cel-lular en mostres histologiques o en
la seva forma soluble, en sérum i plasma de malalts amb dos tipus
diferents de vasculitis, la PAN, que afecta a vasos de petit i mitja calibre, i
I'ACG, que afecta a vasos grans.

En l'estudi de I'expressié de molécules d'adhesié en biopsies de
muscul i nervi de malalts amb PAN, i tal com ja esta descrit classicament
(115), en els espécimens obtinguts hem objectivat vasos inflamats en
diferents estadis histologics: lesions incipients, amb un petit infiltrat
inflamatori (80-120 leucdcits per secci6), lesions establertes, amb un
important infiltrat inflamatori (més de 400 leucocits per seccid) i sovint
amb necrosi fibrinoide, i lesions cicatricials, amb escas infiltrat inflamatori
residual (menys de 150 leucdcits per seccid) i una hiperplasia intimal
prominent que oblitera la llum del vas. En forga casos (26 % de les
mostres estudiades) en una mateixa seccié coexisteixen lesions en
diferents estadis evolutius.

Mitjiangant la tincid amb la lectina Ulex europeus, que s'uneix
especificament a la fucosa de les cel-lules endotelials i es considera un
marcador especific de les mateixes (116), hem demostrat una participacio
dinamica de les cél-lules endotelials en els diferents estadis histologics
del procés vasculitic. En les lesions incipients, I'endoteli luminal esta
morfoldgicament preservat i practicament no hi ha microvasos envoltant
la lesié. En les lesions establertes, I'endoteli luminal estd mal definit o
incomplet, i la llum parcialment o totalment ocluida, i entre [linfiltrat
inflamatori i envoltant-lo hi ha un nombre important de microvasos, que
sempre estan més ben definits que I'endoteli luminal. En les lesions
cicatricials, I'endcteli luminal no es tenyeix o ho fa molt ténuement, la llum
esta ocluida i fins i tot a vegades substituida per microvasos, que també
estan presents entre i envoltant l'infiltrat inflamatori, encara que en un
nombre inferior al de les lesions establertes. Atés que en vasos normals
petits i mitjans no s'observen microvasos enmig o envoltant el vas

principal, i que estan presents sobretot en lesions ben establertes, i en
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lesions cicatricials en menor quantitat, hem assumit que els microvasos
presents en les lesions vasculitigues sén neovasos derivats de
I'angiogénesi induida per la inflamacio.

L'expressio endotelial de les molécules d'adhesié segueix un patro
dinamic en les diferents fases de les lesions vasculitiques. Les molécules
d'adhesié constitutives (ja presents en els endotelis dels controls
normals), és a dir ICAM-1, ICAM-2, PECAM-1 i selectina P, romanen
intactes en l'endoteli luminal de les lesions incipients de PAN.
Contrariament, en lesions ben establertes, la intensitat i la definicio de la
tincié disminueix en I'endoteli luminal, i, en canvi, és intens i més ben
definit en I'endoteli dels neovasos. En les lesions cicatricials, I'endoteli
luminal és practicament sempre negatiu o molt ténue, i I'expressié en els
vasos neoformats també disminueix. Donat que amb el marcador
endotelial Ulex europeus s'objectiva un patré similar, es dedueix que
I'endoteli luminal es lesiona al llarg del procés vasculitic fins que
desapareix.

Alguns estudis previs sobre l'expressié d'ICAM-1 en lesions
vasculitigues son contradictoris. Wawrick i cols. van observar una
important expressié d'ICAM-1 en linfiltrat inflamatori de lesions d'ACG, i
també en les cél-lules musculars llises de la paret, perdo no especifiquen
si en I'endoteli hi ha diferéncies rellevants respecte els controls (78). Pall
i cols. no van objectivar diferéncies en la tincié endotelial d'ICAM-1 en
bidpsies renals de pacients amb vasculitis respecte els controls (79). En
canvi, Rastaldi i cols. van observar un augment de la tincié per ICAM-1 en
vasos petits i capil-lars de pacients amb vasculitis renals associades a
ANCA (80); i Flipo i cols. van descriure un augment de ['expressio
endotelial d'ICAM-1 en mostres de glandula salival de pacients amb
vasculitis reumatoide, que desapareixia després del tractament (81). Els
diferents resultats obtinguts en aquests estudis sén poc comparables
donat el reduit nombre de casos i/o I'heterogenicitat dels pacients
inclosos. A més, no s'ha intentat correlacionar I'expressié de les

molécules d'adhesié amb I'estadi histoldgic de la lesié. Fins ara, no tenim
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informacio sobre la distribucié de les molécules d'adhesié constitutives de
I'endoteli ICAM-2, PECAM-1 ni selectina P en vasculitis. En malalts amb
rebuig de trasplantament renal, s'ha observat una abséncia focal de
PECAM-‘I, molécula expressada constitutivament per les ceéllules
endotelials renals sanes, fet que, d’acord amb els nostres resultats,
també reflectiria lesio endotelial (117).

La selectina E s'expressa en I'endoteli luminal de les lesions
incipients i d'alguns endotelis de vasos no i'nﬂamats de malalts afectes de
PAN. En les lesions establertes, s'expressa en alguns neovasos, perd
rarament en I'endoteli luminal, i en les lesions cicatricials tampoc
s'expressa. Aquestes troballes poden reflectir la naturalesa transitoria de
I'expressio de selectina E, tal com s'ha demostrat previament en cultius
celllulars (118). Per tant, l'abséncia d'immunotincié no exclou
necessariament un paper important d'aquesta: molécula en estadis més
precogos de la inflamacié vascular. Les nostres observacions donen
suport a la hipotesi que la selectina E s'expressa al principi del procés
inflamatori, fins i tot en vasos preservats sense infiltrat inflamatori, i
posteriorment desapareix. Els canvis funcionals, doncs, precedeixen
l'evidéncia morfologica d'inflamacié i dany endotelial. Aquesta
interpretacid també és avalada pel fet que hi ha una associaci6
significativa entre I'expressié d'aquesta molécula i la preséncia de
neutréfils en linfiltrat inflamatori, ja que la preséncia de polimorfonuclears
tendeix a ser més prominent en les lesions inicials (37,83). Aquesta
associacié ha estat també objectivada per Sais i cols. en vasculitis
cutanies leucocitoclastiques (83) i per Bradley i cols. en bidpsies cutanies
d'un grup heterogeni de malaits amb vasculitis cutanies i sistéemiques
(76).

VCAM-1, que, com la selectina E, és induida en [‘endoteli
mitjangant I'estimul de citocines, s'expressa en I'endoteli luminal de vasos
inflamats de malalts amb PAN. L'expressié d'aquesta molécula canvia
d'un malalt a un altre i fins i tot entre diferents lesions en una mateixa

mostra. S'expressa fonamentalment en l'endoteli luminal de Iesions
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establertes amb wuna llum encara relativament preservada, |
ocasionalment en alguns vasos neoformats. Altres autors han observat un
augment de l'expressié de VCAM-1 en alguns vasos de pacients amb
vasculitis (79-81). En mostres d'artéria temporal de pacients amb ACG
s'ha demostrat una important expressié de VCAM-1, i també de selectina
E, en els vasos neoformats i la microvasculatura adventicial, mentre que
la seva expressio en l'endoteli luminal és infreqlent, i en els controls és
nul-la (119).

Globalment, doncs, les nostres troballes suggereixen que, excepte
en les etapes més inicials, I'endoteli luminal probablement no participa en
l'adhesié endotelial en la PAN. En canvi, la notable expressiéo de
molécules d'adhesié en els neovasos suggereix que I'angiogénesi juga un
paper important en el reclutament de leucocits i, per tant, en el
manteniment de la inflamacié en els vasos afectats en la PAN i,
probablement, també en altres tipus de vasculitis.

Malgrat que I'expressio de les molécules d'adhesié endotelials pot
variar en la microvasculatura de diferents organs, nosaitres vam trobar
una expressio similar en mostres de muscul i de nervi.

En l'estudi de les molécules d'adhesié solubles en malalts amb
PAN, hem demostrat que en els malalts actius els nivells circulants de les
formes solubles d'ICAM-1, VCAM-1 i selectina E estan augmentats
respecte els controls sans. La selectina E nomeés s'expressa en I'endotel
activat, i VCAM-1, malgrat que també esta present en alires estirps
cel-lulars, s'expressa fonamentalment en les cél-lules endotelials quan és
induida per citocines proinflamatories. Per tant, es pot suposar que la font
principal d'aquestes molecules sén cél-iules endotelials activades dels
vasos inflamats. En canvi, en 'ACG només augmenta ICAM-1-s, mentre
que els nivells de VCAM-1-s i selectina E-s no es diferencien
significativament dels controls.

En estudis anteriors s'han detectat nivelis elevats d'ICAM-1-s,
VCAM-1-s i selectina E-s circulants en diferents tipus de vasculitis (84-

93). Stegeman i cols. van demostrar concentracions elevades d'ICAM-1-s
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i VCAM-1-s perd no selectina E-s en un grup homogeni de malalts amb
granulomatosi de Wegener, especialment en malalts amb una afectacio
organica extensa respecte els pacients amb una malaltia limitada (90). En
la malaltia de Kawasaki també s'han observat nivells elevats d'ICAM-1-s i
selectina E-s (91-93), amb nivells més elevats d'ICAM-1-s en els pacients
amb lesions coronaries (91,92), i amb una disminucié rapida dels nivells
de selectina E-s amb el tractament (93).

Les diferéncies en el patré d'expressié de les molécules d'adhesié
circulants en les diferents vasculitis demostra una elevada complexitat en
els mecanismes reguladors de I'expressi6 i alliberacio de les molécules
d'adhesié i, probablement, una procedéncia diferent de les molécules
d'adhesi6 en cada entitat. El fet que la selectina E-s estigui elevada en
malalties caracteritzades per la preséncia de lesions agudes, com la
malaltia de Kawasaki i la PAN (en la qual coexisteixen lesions en diferent
estadi evolutiu), i no en vasculitis distingides per la preséncia de lesions
croniques, com I'ACG o la granulomatosi de Wegener, reforga la hipotesi
que la selectina E s'expressa a linici de linfiltrat inflamatori |
posteriorment desapareix.

L'ACG afecta a grans artéries, mentre que la PAN afecta vasos
petits i mitjans. Per tant, la superficie endotelial que potencialment
contribueix a l'alliberacié de molécules d'adhesié circulants és molt mes
gran en la PAN que en I'ACG. Aqguest fet podria explicar I'elevada
concentracié d'ICAM-1-s, VCAM-1-s i selectina E-s en la PAN i la manca
d'augment significatiu de les molécules d'origen endotelial en 'ACG.

Curiosament, el patré6 d'expressié de les molécules d'adhesio
circulants en els nostres malalts afectes d'ACG és igual que el que van
observar Macchioni i cols. (120) i Meliconi i cols. (121) en malalts amb
polimialgia reumatica, entitat estretament relacionada amb I'ACG. Les
artéries dels pacients amb polimialgia reumatica aillada no tenen lesions
inflamatories significatives. Per tant, és poc probable que I'elevacio
d'ICAM-1 present en ambdues entitats es generi en I'endoteli. Els

monocits circulants activats sén caracteristics tant de I'ACG com de Ia
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polimialgia reumatica i probablement contribueixen a la resposta de fase
aguda present en les dues malalties (122). ICAM-1 és intensament
expressada per cél-lules activades de I'estirp monocitica (49). Per tant,
els monocits circulants podrien ser la font de l'augment dels nivells
d'ICAM-1-s circulant observat en I'ACG i en la polimialgia reumatica,
donada l'absencia d'augment d'altres molécules d'origen endotelial. A
favor d'aquesta hipdtesi hi ha I'augment preferent o prominent d'ICAM-1-s
observat en altres vasculitis granulomatoses en humans (90), aixi com en
altres malalties granulomatoses com la sarcoidosi (123) o en altres
entitats on s’'han demostrat mondcits activats en sang periférica (91).
D'acord amb aixd, en I'ACG, Wawrick i cols. van observar expressioé
d'ICAM-1 en cél-lules mononucleades, fonamentalment macrofags, aixi
com en cel-lules epitelioides i granulomes (78). També s'ha demostrat
expressio d'lCAM-1 en models animals experimentals de vasculitis
granulomatoses (124,125).

Hem trobat una associacié significativa entre la positivitat de
VCAM-1 a l'endoteli i I'expressid leucocitaria d'os, la cadena o comu de
les integrines VLA-4 i w7, que actuen de receptors per a VCAM-1.
També hem observat una correlacio entre I'expressié d'ICAM-1 i de LFA-
1, ambdues en els leucocits infiltrants. Aquest fet, també observat per
Wawryck i cols. (78) suggereix que les interaccions homotipiques poden
contribuir a consolidar els infiltrats inflamatoris.

CD18, la cadena B comu de les integrines f;, S'expressa
virtualment en tots els leucocits circulants. Malgrat aixd, aproximadament
un 40 % dels leucdcits infiltrants en la PAN no expressen aguesta
molecula. Agquest fenomen ja I'haviem observat en les polimiositis i
dermatomiositis (126), i podria ser explicat per una inhibicié de I'expressio
de les integrines leucocitaries després de la transmigracio, perd, fins ara,
no coneixem estudis funcionals que hagin demostrat aquest fenomen.
Una altra possible explicacié seria que, donat que quan les integrines

leucocitaries s'activen presenten canvis conformacionals, I'anticos
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monoclonal utilitzat en aquest estudi no detectés els epitops relacionats
amb l'activacio.

En les mostres de malalts amb PAN, mentre que CD18 s'expressa
principalment en el centre de la lesid, ICAM-3 predomina a la periféria
dels infiltrats vasculars, envoltant neovasos, i on la principal poblacié
cel-lular sén els macrofags (37). D'altra banda, senyals transduits a
través d'ICAM-3 activen les integrines limfocitaries i estimulen 'adhesié
dels limfocits a les cél-lules endotelials (127). Una forta expressié d'ICAM-
3 en els leucocits que envolten els microvasos situats a la periféria de
l'infiltrat vascular podria, doncs, facilitar I'adhesié i transmigracio
leucocitaria. D’altra banda, s'ha demostrat que, en activar-se, ICAM-3 es
desprén de la membrana limfocitaria (68). Per tant, els limfocits que
penetren més profundament en la paret vascular podrien haver alliberat
ICAM-3 de la seva superficie. Recentment, s'ha descrit expressio
endotelial d'ICAM-3 en I'angiogénesi tumoral (128,129). Nosaltres no hem
pogut demostrar expressié endotelial d'ICAM-3 en I'endoteli luminal ni en
els neovasos dels malalts afectes de PAN. Tampoc s'ha demostrat
expressié endotelial d'ICAM-3 en altres malalties inflamatories croniques,
excepte en l'artritis reumatoide i en algun cas de malaltia granulomatosa
cronica (129,130).

Excepte en la vasculitis reumatoide, en la qual s'hi ha detectat
nivells elevats d'ICAM-3 circulant (87), no s'han fet estudis sobre
possibles canvis en els nivells d'ICAM-3-s en vasculitis. En I'estudi de
molécules d'adhesié circulant en I'ACG, les concentracions d'ICAM-3-s en
aquests pacients son similars als dels controls sans. Els resultats
obtinguts en el nostre estudi recolzen les observacions de Martin i.cols.
en diferents malalties autoimmunitaries (131) on no hi ha correlacié entre
les concentracions d'ICAM-3-s i ICAM-1-s. Aquestes troballes son
sorprenents si, tal com hem postulat anteriorment, s'assumeix que els
monocits circulants activats contribueixen a l'augment d'ICAM-1-s, ja que

els monocits també expressen intensament ICAM-3.
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La selectina L només s'expressa en un percentatge molt reduit de
leucocits infiltrants en lesions incipients. El fet que aquesta molécula es
desprengui de la membrana cel-lular amb ['activacio leucocitaria podria
explicar la manca d'immunotincié per aquesta molécula en la majoria dels
leucocits infiltrants en els vasos afectats. Aixi doncs, en els malalts amb
PAN s'esperarien nivells elevats de selectina L circulant. Malgrat aquesta
hipotesi, en l'estudi de les molécules solubles circulants en malalts amb
PAN, hem observat una disminucié de la concentracié de selectina L-s.
En els malalts afectes d'ACG tampoc hem vist cap elevacié dels nivells de
selectina L-s. Altres autors també han descrit una disminucié dels nivells
de selectina 'L-s en pacients amb vasculitis (89,132). Per explicar
aquestes troballes, s'ha postulat que la selectina L-s circulant s'uniria a
cél.lules endotelials activades (133). D'acord amb aquesta hipodtesi, és
interessant la nostra troballa de positivitat per selectina L en alguns
endotelis de pacients afectes de PAN, fins i tot en vasos no inflamats.

Malgrat que el tractament amb corticoids pot influenciar I'expressié
o la funcié de les molécules d'adhesid en les malalties inflamatories
croniques, nosaltres no hem observat diferéncies en l'expressié tissular
de les molécules d'adhesié entre malalts tractats i no tractats en la PAN.
Els malalts tractats inclosos en el nostre estudi només havien rebut dosis
baixes de corticosteroids o altes dosis perd en un periode curt de temps, i
en tots ells existia activitat clinica de la malaltia. Malgrat que, tal com es
va demostrar en un estudi previ, dosis similars de corticosteroids si que
van poder inhibir I'expressié del receptor d'interleukina-2 i disminuir la
proliferacid limfocitaria (37), probablement no sén suficients per inhibir
I'expressié de molécules d'adhesié. D'acord amb aixd, en malalts amb
PAN seguits longitudinaiment, els nivells d'ICAM-1 i selectina E circulants
s'han mantingut elevats malgrat una resposta clinica satisfactoria al
tractament amb corticoids i immunosupressors. Aquestes troballes
suggereixen que en la PAN la inhibicié de les molécules d'adhesi6
endotelial requereix dosis superiors de corticoids o un tractament més

prolongat. La persistencia de lesions inflamatories malgrat el tractament
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també s'ha observat en altres vasculitis (48,134-138) i suggereix que,
mentre alguns components de la malaltia sén molt sensibles al
tractament, altres components sén més refractaris i probablement faciliten
les recaigudes subsegiients.

Malgrat que la inhibicidé de les molécules d'adhesié endotelials
sembla requerir un tractament més prolongat o a dosis més altes, i a
diferéncia dels malalts amb PAN, en els malalts amb ACG els nivells
d'ICAM-1-s tornen rapidament als valors normals amb la instauracié del
tractament. Aquesta ftroballa és aparentment contradictdéria amb Ila
persisténcia de nivells anormalment elevats de productes d'origen
endotelial, com el factor VonWillebrand, en I'ACG (139) i recolza la teoria
que els monocits circulants juguen un paper com a font d'lCAM-1-s en els
pacients amb ACG, ates que aquesta poblacié cel-lular és molt sensible a
accid supressora dels corticoids. També recolzant aquesta hipotesi,
Roche i cols. han demostrat que els corticoids inhibeixen més ['activacio
dels mondcits circulants que la dels limfocits T i, presumiblement, altres
tipus cel-lulars (122).

En els primers dies després d'iniciar el tractament, hem observat
un augment transitori dels nivells d'ICAM-1-s i selectina P-s en malalts
amb PAN. Aguest fenomen podria indicar una alliberaciéo de molécules
solubles i suggereix que el tractament podria modular [afinitat
lligand/receptor.

Contrariament al que s'ha observat respecte 'estadi histologic, no
hem demostrat cap relacié entre les caracteristiques cliniques dels
malalts (edat, sexe, durada dels simptomes, resposta inflamatoria
sistemica) i I'expressido endotelial o cellular de cap de les molécules
d'adhesié estudiades. En el cas de les molécules solubles, a part dels
canvis objectivats amb el tfractament, només hem observat una relacio
entre els nivells d'ICAM-1-s i el nombre de parametres inflamatoris en
I'ACG. Aquesta manca de correlacid amb la clinica contrasta amb els

resultats obtinguts per altres autors, en els quals la severitat o extensio
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de la malaltia es correlaciona amb l'augment de determinades molécules
d'adhesi¢ circulants (89,90,91).

Els canvis en les molécules d'adhesid circulants segueixen
diferents patrons en diferents malalties inflamatories i mostren un cert
nivell d'especificitat fins i tot en sindromes relacionades, com sén les
diferents vasculitis. L'estudi de les fluctuacions de les molécules
d'adhesié al llarg de l'evolucié de la malaltia pot millorar la nostra
comprensio sobre la participacid de diferents tipus cel-lulars en la génesi
de la reacci6 inflamatdria en diferents malalties, la valoracié de I'activitat
subclinica de la malaltia, i els efectes del tractament en els mecanismes
patofisiologics especifics.

Amb anticossos monoclonals que bloquegen epitops funcionals de
molécules d'adhesié s'ha evitat eficagment el desenvolupament de
lesions inflamatdries i de manifestacions cliniques en models animals de
diverses malalties autoimmunitaries i alguns d'aquests anticossos ja s'han
provat en estudis clinics en humans. Encara que cal fer més estudis, els
nostres resultats suggereixen que la PAN, i probablement també 'ACG,

podrien beneficiar-se d'una terapia antiadhesiva.
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CONCLUSIONS
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1 - L'endoteli de les lesions vasculars dels pacients amb PAN classica
sofreix modificacions al llarg del procés evolutiu d'aquestes: en les
lesions incipients roman morfoldogicament preservat; en les lesions
establertes l'endoteli luminal es destrueix parcialment o totaiment i
apareix microvascularitzacié a I'entorn o enmig de l'infiltrat inflamatori; i
en les lesions cicatricials, I'endoteli luminal desapareix i disminueix la

microvasculatura neoformada.

2 - Les molécules d'adhesié endotelials selectina E i VCAM-1 sén
induides en els vasos de malalts afectats per PAN classica. La selectina
E s’expressa en l'endoteli luminal de les lesions incipients i en algunes
neollums de lesions establertes; i VCAM-1 s’expressa en I'endoteli
luminal d'alguns vasos, fonamentalment lesions establertes amb llum

encara preservada, i en alguns neovasos de lesions establertes.

3 - L'expressié de les molécules d'adhesidé constitutives de I'endoteli
ICAM-1, ICAM-2, PECAM-1 i selectina P disminueix en 'endoteli luminal

de les lesions inflamatories establertes i apareix en la neovascularitzacio.

4 - La intensitat de I'expressioé de les molécules d'adhesié endotelials es
correlaciona amb l'estadi histologic de la lesidé vascular i pot variar en
diferents lesions d'un mateix pacient: en les lesions incipients 'expressio
en I'endoteli luminal és intensa; en les lesions establertes I'expressié en
I'endoteli luminal disminueix mentre gue apareix en els vasos neoformats;
i en les lesions cicatricials I'expressidé en I'endoteli luminal és

practicament nul.la i en les neollums disminueix.

5 - L'expressio endotelial de selectina E es correlaciona amb el nombre

de neutrdfils presents en l'infiltrat inflamatori.

6 - Hi ha una clara interaccid entre diferents molécules d'adhesio:

l'expressié endotelial de VCAM-1 es correlaciona topograficament amb
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I'expressié leucocitaria de VLA-4, i I'expressio leucocitaria d'ICAM-1 es

correlaciona amb I'expressié leucocitaria de LFA-1.

7 - No hi ha cap correlacié entre I'expressié de les molécules d'adhesio
estudiades en mostres histologiques de malalts amb PAN i les
caracteristiques cliniques dels pacients (edat, sexe, durada dels

simptomes, resposta inflamatoria sistémica).

8. El tractament amb corticoids a dosis baixes o durant un periode curt de
temps no modifica I'expressié de les molécules d'adhesié en les lesions

vasculars de la PAN.

9 - En pacients amb PAN en activitat, els nivells de les formes solubles
d'ICAM-1, VCAM-1 i selectina E circulants estan significativament elevats
respecte els controls sans; els nivells de selectina L-s disminueixen, i els

de selectina P-s no es modifiquen.

10 - Després d'un seguiment mig de 15 mesos (1-36 mesos), els nivells
de les formes solubles d'ICAM-1 i selectina E persisteixen elevats en els

pacients amb PAN encara que estiguin en remissié clinica.

11 - En pacients amb ACG en activitat, els nivells de la forma soluble
d'ICAM-1 estan significativament elevats, perd no els de les formes
solubles d'ICAM-3, VCAM-1, selectina E ni selectina L.

12 - Els nivells 4'ICAM-1 circulant disminueixen rapidament després de la

instauracio del tractament en pacients amb ACG.
13 - El patré dels nivells de les molécules d'adhesié circulants varia entre

les diferents vasculitis (PAN i ACG) tant en la malaltia en activitat com en

I'evolucio posterior al tractament instaurat.
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En la present tesi s’ha estudiat I'expressié de les molécules
d’adhesi6 cel-lular en dos tipus de vasculitis: la PAN, que es caracteritza
per la coexistencia de lesions inflamatories en diferent estadi evolutiu en
vasos de calibre petit i mitja, i 'ACG, que afecta vasos grans,
fonamentaiment l'artéria temporal. Els resultats obtinguts permeten

concloure el seglent:

1 - L'expressié endotelial de molécules d’adhesid en les lesions de les
vasculitis segueix un patré dinamic durant els diferents estadis evolutius i
es correlaciona topograficament amb I'expressio dels respectius lligands
pels leucdcits infiltrants, suggerint que les interaccions entre els leucdcits
i 'endoteli mitjancades per les molecules estudiades juguen un paper

fonamental en el desenvolupament dels infiltrats inflamatoris dels vasos.

2 - Els nivells de les molécules d'adhesid solubles circulants es
modifiquen tant en la PAN com en I'ACG respecte els controls sans, perd
el patré que segueixen els nivells de les diferents molécules és diferent
en les dues vasculitis estudiades tant en la malaltia en activitat com en
I'evolucié posterior a la instauracié del tractament: en la PAN s’eleven els
nivells de molécules d’origen endotelial i la majoria d’elles romanen
elevades malgrat una remissi6 clinica i bioldgica, mentre que en ACG en
activitat només s’eleven els nivells d'ICAM-1, que es normalitzen
rapidament amb la remissi6 clinica i bioldgica induida pels corticoids.
Aquestes diferencies suggereixen un cert nivell d’especificitat entre

diferents malalties.

Les nostres observacions han permés aprofundir en el congixement de la
patogénia de les vasculitis. Tot i que és molt prematur aventurar una
utilitat concreta en el diagnostic de les vasculitis estudiades, el control
evolutiu o possibles nous tractaments, els resultats obtinguts si que
animen a continuar I'estudi en aquest sentit per aconseguir una millor
comprensi® de la patogénia d’aquestes i altres vasculitis enfocat a

dissenyar millors estrategies terapeutiques.
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IMMUNOHISTOCHEMICAL CHARACTERIZATION OF
INFLAMMATORY CELLS AND
IMMUNOLOGIC ACTIVATION MARKERS IN
MUSCLE AND NERVE BIOPSY SPECIMENS FROM
PATIENTS WITH SYSTEMIC POLYARTERITIS NODOSA
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Objective. To investigate the phenotype of infil-
trating cells in classic lesions of polyarteritis nodosa
(PAN).

Methods. Twenty-one muscle and 10 sural nerve
biopsy samples from 24 patients with systemic PAN
were studied using avidin—-biotin—peroxidase and alka-
line phosphatase-anti—alkaline phosphatase immuno-
histochemical techniques.

Results. The inflammatory infiltrates consisted
mainly of macrophages (41%) and T iymphocytes
(41%), particularly of the CD4+ subset. Granulocytes
were present in varying quantities (0-45%) and were
more abundant in heavily infiltrated vessels and in those
with fibrinoid necrosis. Dendritic cells could be
identified in 4 samples. Proliferating and interleukin-2
receptor—expressing cells, present in 71% and 79% of the
patients, respectively, were more frequent in untreated
patients.

Conclusion. T cell-mediated immune mecha-
nisms may play a role in the development and perpetu-
ation of PAN lesions.
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The immunopathogenetic mechanisms leading
to vascular injury in systemic necrotizing vasculitis of
the polyarteritis nodosa (PAN) group are incompletely
understood and are probably heterogeneous. PAN
may occur during the course of hepatitis B and other
viral infections (1,2), in association with hairy cell
Jeukemia (3), or complicating the outcome of several
autoimmune disorders such as Sjégren’s syndrome or
rheumatoid arthritis (4).

Irrespective of the triggering or causative
agents or associated conditions, the precise mecha-
nisms that ultimately cause damage to the vessel wall
are not well understood. The potential of circulating
immune complex deposition to damage the vessel
wall, indicated on the basis of experimental animal
models, provided important insights into pathogenetic
mechanisms leading to vascular injury. According to
these models, immune complexes would activate the
complement cascade, whose activated products would
in turn attract and activate neutrophils. For years,
immune complex deposition has been the only pro-
posed mechanism to explain vessel injury in PAN
(5-7).

Immunohistochemical analysis of infiltrating
cell phenotypes has provided interesting information
regarding pathogenetic mechanisms involved in other
immune-mediated diseases (8-11). However, this issue
has remained virtually unexplored with regard to vas-
cular lesions of systemic PAN, and only anecdotal
cases or small series have been studied (12,13). Immuno-
histochemical studies performed on perineural and
muscle vessels from heterogeneous groups of patients
with peripheral nerve vasculitis have revealed that
granulocytes are scarce in well-established lesions,
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and T lymphocytes and macrophages have been iden-
tified as the predominant cell type (14-16). These
observations suggest that other immunopathogenetic
mechanisms might play an important role in the devel-
opment or perpetuation of PAN lesions. In the present
study, we further expanded this approach by investi-
gating the immunophenotype of inflammatory cells,
the expression of immunologic activation markers,
and the effect of immunosuppressive therapy in mus-
cle and nerve biopsy specimens from a homogeneous
population of patients with classic PAN.

PATIENTS AND METHODS

Patients. The study group consisted of 24 patients (15
women and 9 men) with a histologic diagnosis of vasculitis.
The average age was 66 years (range 23-77). All patients
fulfilled the recently defined criteria for classification of
systemic PAN (17). In all patients, PAN was considered to
be a primary disease since no associated conditions could be
identified.

The mean duration of disease prior to biopsy was 4.6
months (range 2 weeks-3 years). At the time biopsies were
performed, all patients had clinical evidence of disease
activity. Sixteen were untreated and 8 had received cortico-
steroid therapy. Two of these 8 patients had been treated
for 2 weeks with prednisone (I mg/kg/day) and cyclo-
phosphamide (2 mg/kg/day) because of severe kidney in-
volvement (creatinine >3 mg/100 ml) and a strongly sus-
pected diagnosis of PAN. The remaining 6 were receiving
prednisone at 10-60 mg/day because of clinical suspicion of
giant cell arteritis (2 cases), systemic vasculitis (1 case),
polymyalgia rheumatica (! case), or late-onset rheumatoid
arthritis (2 cases). These patients had been treated with
adjusted steroid doses for a period ranging from 2 days to 3
years.

Tissue samples. Twenty-one muscle and 10 sural
nerve biopsies were obtained from the patients for diagnostic
purposes. In 7 patients, both muscle and nerve biopsies were
performed simultaneously. Tissues were snap frozen in
liquid nitrogen-prechilled methylbutane, and stored at
-80°C.

All specimens exhibited at least 1 medium-sized or
small vessel with a transmural infiltrate. In 10 samples, the
inflammatory infiltrate was very dense and occupied the
entire thickness of the vessel. In the remaining 21 samples,
infiltrates were moderate and the structure of the vessel with
its distinct layers was preserved. Seventeen specimens dem-
onstrated fibrinoid necrosis.

Antibodies. Infiltrating cell phenotypes were deter-
mined with the following monoclonal antibodies: CD3 (Leu-
4), CD4 (Leu-3a), CD8 (Leu-2a), CD22 (Leu-14) (all from
Becton Dickinson Monocional Center, Mountain View,
CA), anti-granulocytic elastase, and CD68 (EBM11) (both
from Dako, Copenhagen, Denmark), recognizing T lympho-
cytes, T helper subset, T suppressor/cytotoxic subset, B
lymphocytes, granulocytes, and macrophages, respectively.
Interdigitating (dendritic) cells were detected by immuno-
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reactivity to S-100 protein using a rabbit anti-S-100 poly-
clonal antiserum (Dako) (18). Endothelial cells were identi-
fied with the lectin Ulex europaeus (Dako), which binds
fucose on endothelial cells and is considered to be an
endothelial cell marker (19).

Infiltrating cell proliferative activity was assessed by
detection of Ki-67 (Proliferating Ki67; Dako), a nuclear
protein which is expressed in all but the G, phases of the
mytotic cycle (20). The activation status of inflammatory cells
was investigated by determining expression of interleukin-2
receptor (IL-2R) (CD25) (Becton Dickinson), transferrin
receptor (CD71) (Dako), and class II antigens (HLA-DR)
(Becton-Dickinson) of the major histocompatibility complex
(MHC).

Immunostaining. For each sample, consecutive
4-8-.m cryostat sections were air dried overnight and fixed
with cold acetone. Two to 4 serial sections per biopsy were
incubated with each monoclonal antibody for 30 minutes at
room temperature. Immunoreactivity was detected using the
alkaline phosphatase-anti-alkaline phosphatase (APAAP)
method (21).

S-100 protein immunoreactivity was detected using
the avidin-biotin-peroxidase complex (ABC) method (Vec-
tor Laboratories, Burlingame, CA) (22). Binding of biotiny-
lated U europaeus was also demonstrated with the ABC
technique. Jn some cases, simultaneous detection of 2 dif-
ferent antigens in the same section was achieved by sequen-
tial immunostaining with both methods (APAAP and ABC).

Positively stained cells were counted by 2 indepen-
dent investigators (M-CC and JMG) and expressed as the
percentage of the total number of infiltrating cells visualized
by hematoxylin counterstaining. When specimens contained
more than one clearly involved vessel, the most strongly
infiltrated vessel was evaluated. Variations in estimation be-
tween measurements made by the 2 investigators were <10%.

Statistical analysis. The Mann-Whitney U test, Stu-
dent’s s-test, Fisher's exact test, and Pearson's correlation
coefficient were used for statistical analysis.

RESULTS

Inflammatory cell phenotypes. Table 1 shows
the percentage of vessel-infiltrating cells found in alil
specimens examined. Macrophages and CD4+ T
lymphocytes were the most predominant cell type. B
lymphocytes were scarce and did not exceed 10% of
cells. Interestingly, there were some differences in cell
distribution between muscle and nerve biopsy sam-
ples. T lymphocytes were significantly more abundant
in nerve than in muscle specimens (52% versus
35%; P < 0.001), whereas macrophages predominated
in muscle specimens compared with nerve specimens
(45% versus 33%; P = (.005).

The presence of granulocytes was highly vari-
able, ranging from 0% to 45% of inflammatory cells,
and granulocytes were the most abundant cell type in
only 2 samples from different patients. When possible
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Table 1. Infiltraung cells in medium-sized and small vessels from patients with polyarteritis nodosa*

All samples Muscle samples Nerve samples
Cell type tmean = SD) (mean = SD) (mean = SD) Pt
Macrophages 41 = 11 45 = 11 33=9 0.005
T ivmphocytes 41 = 14 35 =12 2=z 11 <0.001
Granulocytes 7= 13 20 = 11 13+ 14 NS
B iymphocytes 2=3 =2 33 NS
CD4:CD8 ratio 24 =16 29> 1.8 1.4 +0.5 0.001

* Except for the CD4:CD8 ratio. values are the percentage of infiltrating cells represented by the given

cell type.

+ Cell distribution in muscle versus nerve samples. NS = not significant.

variables influencing such distribution were evaluated,
the percentage of granulocytes was found to be greater
in heavily inflamed vessels (mean + SD 24 = 14%)
than in those that were only moderately infiltrated (13
+ 12%) (P = 0.046). Granulocytes were also more
abundant in vessels with fibrinoid necrosis (22 = 13%)
than in those without (12 = 11%) (P = 0.026). Al-
though granulocvies tended to be found more fre-
quently in samples from patients whose clinical man-

ifestations had been present for <3 months prior to
biopsy (25 = 10%) than in those whose samples were
obtained later in the course of the disease (15 = 12%),
no significant correlation was observed between gran-
ulocyte percentage and disease duration. T lympho-
cytes were distributed all across the vessel wall,
whereas macrophages tended to predominate in the
periphery. Granulocytes, when present, were focally
distributed in clusters (Figure 1).

Figure 1. Distribution of A, macrophages (monocional antibody [MAb] EBM11), B, T lymphocytes (MAb CD3), and C,
scarce granulocytes (MAb anti-granulocytic elastase) in serial sections of a typical perineural vessel with lesions of
polyarteritis nodosa. D, Abundant granulocytes in a perineural vessel from a different patient. (Alkaline phosphatase-
anti-alkaline phosphatase stained; hematoxylin counterstained.)
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Figure 2. A, S-100-positive cells in a very slightly infiltrated peri-
neural vessel. An S-100-negative artery with full-blown lesions is
apparent in the upper part of the picture. B, Higher magnification
view, showing dendritic prolongations of S-100-positive cells sur-
rounding the scant lymphocytes present. C, Staining with Ulex
europaeus reveals disappearance of the luminal endothelium in an
obsolescent artery and clusters of newly formed capillaries within
and surrounding the occluded vessel. (Avidin-biotin-peroxidase
stained: hematoxylin counterstained.)

In 4 samples (1 nerve and 3 muscle biopsies
from 4 different patients), S-100-positive cells were
identified. always in slightly infiltrated, still well-
preserved vessels. As shown in Figure 2, these cells

CID ET AL

exhibited a typical dendritic morphology with prolon-
gations surrounding lymphocytes. Immunostaining of
serial sections revealed that these cells strongly ex-
pressed DR antigens.

Activation/proliferation markers. IL-2R expres-
sion was demonstrated in samples from 19 (79%) of the
patients. Positive cells were scarce and grouped in
small clusters. They appeared to be lymphocytes by
morphologic analysis and examination of CD3-stained
serial sections. IL-2R expression was significantly
more frequent in untreated patients (94%) than in
specimens from treated individuals (50%) (P = 0.027)
(Table 2).

Proliferating cells were also sparse. Typical
nuclear Ki-67 immunoreactivity was observed in scat-
tered cells from 17 patients (70%). Proliferating cells
were also more frequent in untreated patients (88%)
versus treated patients (38%) (P = 0.021) (Table 2). In
3 cases, double-staining with Ki-67 and CD3 was
performed. Replicating cells belonged to 2 cell popu-
lations. Most cells were T lymphocytes, as indicated
by concurrent CD3 expression. Some CD3-negative
spindle-shaped cells in the thickened intimal layer
were also found to be Ki-67 positive (Figure 3). These
were probably myointimal cells contributing to intimal
hyperplasia.

MHC class II DR expression was detected in 62
+ 24% of infiltrating cells {(mean * SD) and, when
present, was always intensely positive. DR-expressing
cells were mostly macrophages and T lymphocytes as
assessed by examination of immunostained serial sec-
tions. No influence of therapy on DR expression was
evident. In 2 cases the number of DR-positive cells
greatly exceeded the aumber of macrophages and
lymphocytes, and DR expression by smooth muscle
cells was apparent. DR expression in the luminal
endothelium of involved vessels was strongly positive
in some vessels and faint and diffuse in others. Both
patterns of DR expression frequently coexisted in the
same sample. Endothelial cells from normal vessels
were always DR positive. U europaeus stain on serial

Table 2. Relationship of interleukin-2 receptor (IL-2R) expression
and Ki-67 expression to treatment in patients with polvarteritis
nodosa '

IL-2R+ Ki-67+
Untreated patients (n = 16) 15 14
Treated patients (n = 8) 4* 3t

* P = 0.027 versus untreated patients,
t P = 0.021 versus untreated patients.
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Figure 3. Proliferating T lymphocytes in lesions of polyarteritis
nodosa. The specimen was double-stained with avidin-biotin—
peroxidase (Ki-67; brown staining in the nuclear area) and alkaline
phosphatase~anti-alkaline phosphatase (CD3; red staining in the cell
membrane). Some CD3-negative, spindle-shaped cells in the intimal
layer are also Ki-67 positive.

sections was imperceptible in DR-negative endothelial
cells, or disclosed a slight, blurred positivity, probably
indicating that endothelium was damaged. In contrast,
clusters of newly formed capillaries were evident
within inflammatory infiltrates or surrounding oc-
cluded vessels in an obsolescent stage (Figure 2).

Transferrin receptor expression was assessed in
15 samples. It was positive in 23 = 12% of inflamma-
tory cells, which included both lymphocytes and macro-
phages. Percentages of transferrin receptor—expressing
cells showed some variability among samples. No
differences in transferrin receptor expression were
found between muscle and nerve samples, and no
influence of treatment or disease duration could be
demonstrated.

DISCUSSION

Inflammatory infiltrates in muscle and nerve
vessels from our series of PAN patients consisted
mainly of macrophages and T lymphocytes, particularly
of the CD4+ subset. Infiltrating cells exhibited immu-
nologic activation markers such as IL-2R, transferrin
receptor, and MHC class II (DR) antigen expression.

As reported in other autoimmune diseases
(9,23,24), IL-2R-expressing cells were scarce in these
samples. IL-2R expression has a pivotal role in
autocrine-stimulated T cell growth triggered by anti-
gen recognition (25). Its expression is an early event
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after T cell activation, and it is subsequently down-
regulated (25). Consistent with the low percentage of
IL-2R-expressing cells, there were only a few prolif-
erating T lymphocytes in PAN lesions. Studies in
animal models of autoimmune diseases have demon-
strated that lymphocyte proliferation occurs early af-
ter antigen stimulation and subsequently decreases
(26). Furthermore, most lymphocytes proliferate in
lymphoid organs, and a lesser percentage replicate in
target tissues (26).

In contrast, most of the infiltrating cells ex-
pressed DR antigens. DR-expressing cells essentially
comprised macrophages and T lymphocytes. In 2
cases, smooth muscle cells were also DR-immuno-
reactive. Dissociation between IL-2R and DR expres-
sion has been observed in other autoimmune diseases
(9,23), which is not surprising since they can be
mediated by independent pathways (27). In addition,
class II antigen expression appears later after T cell
activation and remains longer than IL-2R (28).

Endothelium from both normal and involved
vessels expressed DR antigens. DR immunoreactivity
in the luminal endothelium from some strongly in-
flamed vessels was negative, and endothelial damage
and even disappearance was demonstrated by staining
of serial sections with U europaeus. Concurrently,
clusters of newly formed capillaries were observed.
This observation suggests that at some point in the
inflammatory process, endothelial cells are injured and
neovascularization occurs.

In a small percentage of patients, we were able
to identify S100-positive dendritic cells in incipient
lesions. Dendritic cells have a pivotal role in initiating
the immune response, due to their antigen-presenting
function and their ability to provide accessory signals
for T cell activation (29,30). Dendritic cells have been
identified in target tissues of several autoimmune
diseases, including rheumatoid arthritis (31), primary
biliary cirrhosis (32), inflammatory vasculopathy of
chronic allograft rejection (33), giant cell arteritis (9),
and experimental autoimmune diabetes (34). As ob-
served in our samples, these cells are usually detected
in incipient inflammatory infiltrates and become rare in
well-established or scarring lesions (9,31,33).

Although corticosteroid dosage and duration of
therapy were quite heterogeneous, a striking inhibi-
tory effect of corticosteroids on IL-2R expression and
on lymphocyte proliferation was observed. At the time
of the biopsy all patients were symptomatic. This
suggests that vessel damage and clinical manifesta-
tions do not depend solely on these initial events of T
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cell activation in which only a small percentage of cells
are participating in well-established lesions. In con-
trast, no effect of treatment was observed on cell
density, distribution of cell subsets, or HLA-DR or
transferrin receptor expression. Therefore, other ef-
fector mechanisms are crucial in the perpetuation of
lesions and require higher steroid doses, more sus-
tained therapy, or the complementary effects of an-
other immunosuppressive agent.

Immune complex deposition with complement
activation and subsequent neutrophil chemotaxis has
been considered a crucial mechanism leading to vas-
cular injury in PAN (5-7). More recently, antineutro-
phil cytoplasmic antibodies (ANCA) have received a
great deal of attention as a possible pathogenetic factor
in the development of endothelial damage in the so-
called microscopic variant of PAN, where small ves-
sel, capillary, and glomerular involvement have major
relevance (35-37). However, granulocytes, which are
leukocytes primarily attracted by complement activa-
tion products and the main target for ANCA, were not
the predominant cell type in medium-sized and small
vessels from patients with classic PAN. Granulocytes
were found more consistently in heavily infiltrated
vessels with fibrinoid necrosis. Conversely, activated
macrophages and CD4+ T lymphocytes were the most
abundant cells in our samples.

The phenotype of infiltrating cells and the pat-
tern of activation found in PAN lesions closely resem-
ble those found in organ-specific autoimmune disor-
ders such as rheumatoid arthritis (8,23) or Sjogren’s
syndrome (24) and in experimental models of these
and other autoimmune diseases (26,38,39). A similar
profile has also been identified in other vasculitides
involving medium-sized vessels, such as coronary
arteries in Kawasaki disease (40), temporal arteries in
giant cell arteritis (9), or vasculitis in autoimmune
MRL-lpr mice (41).

Our findings suggest that T cell-mediated im-
mune mechanisms may be very important in the
development or perpetuation of PAN lesions in medium-
sized and small vessels of muscle and nerve. A better
understanding of specific immunopathogenetic mech-
anisms involved in the development of PAN is neces-
sary to design more precise and efficient and less
harmful therapeutic approaches than are currently
available.
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Leucocyte endothelial cell adhesion receptors in muscle biopsies
from patients with idiopathic inflammatory myopathies (IIM)
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SUMMARY

Interactions between leucocytes and endothelial cells through specific adhesion receptors play an
increasinghy recognized crucial role in the development of inflammatory infiltrates in chronic
inflammatory diseases. In this study we investigated adhesion molecule expression in muscle
biopsies from 18 dermatomyosius. six polymyositis, five inclusion-body myositis patients and from
eight normal controls. Immunohistochemical detection of leucocyte integrins LFA-1 and VLA-4,
their endothelial counter-recepiors intercellular adhesion molecule-1 (ICAM-1) and vascular cell
adhesion molecule-1 (VCAM-1}). and the endothelial cell markers CD31 and von Willebrand
factor-related antigen (VWFAg) was performed using specific MoAbs and an alkaline phosphatase
anti-alkaline phosphatase technique. ICAM-] expression was up-regulated and VCAM-1 induced
in muscle capillaries of dermatomyositis samples. In both dermatomyositis and polymyositis,
endothelial cells from vessels surrounded by inflammatory infiltrates strongly expressed ICAM-1
and VCAM-1. Infiltrating leucocytes were intensively LFA-1- and VLA-4-positive. These data
suggest that leucocytesendothelial cell interactions mediated by the receptor/ligand pairs LFA-1/
ICAM-1 and VLA-4/VCAM-I actively participate in the development of muscle inflammatory
infiltrates 1n the major inflammatory myopathies. In addition, ICAM-] and VCAM-1 over-
expression by capillary endothelial cells in dermatomyositis supports the hypothesis that capiliary

activation and;or injury is a major feature in this disease.

Keywords adhesion molecules

INTRODUCTION

Autoimmune phenomena are considered to play a crucial role
in the pathogenesis of the major I1M: dermatemyosits (DM).
polymyositis (PM) and inclusion body myositis (IBM). Muscle
inflammatory infilirates. the hallmark of IIM. seem to be the
consequence of different pathogenic mechanisms in each of
these diseases [1-3]. On the basis of immunopathologic studies,
muscle capillaries are considered a major target of immune
reaction in DM. Indeed. typical focal histopathological features
such as capillary loss with subsequent muscle ischaemia, and
perifascicular atrophy. can be found early in the course of DM
[4-7]. In addition, immunohistochemical studies have revealed
deposition of the complement C5b-9 membrane attack complex
in skin and muscle microvasculature of a significant number of
DM biopsy samples. particularly in those from patients with
recent onset of muscle weakness [8-11].

Correspondence: Josep M. Grau MD, Department of Internal
Medicine, Hospital Clinic i Provincial, Villarrocl 170, 08036-Barcelona,
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On the other hand. antigen-specific, MHC I-restricted T
cell-mediated cytotoxicity is considered a pivotal mechanism
leading to muscle damage in PM, where CD8™ T lymphocytes
are the major infilirating population [I-3]. Supporting this
hypothesis, CD8™ T lymphocytes from patients with IIM,
particularly PM, exhibit cytotoxicity against autologous myo-
tubes tn culture {12]. The primary participation of autoimmune
mechanisms in IBM is, at present, less clear.

Over the past few years the relevance of leucocyte/endothe-
lial cell interactions in the development of inflammatory lesions
has been increasingly recognized. Such interactions occur
through a complex array of surface adhesion receptors. On
the leucocyte membrane, molecules of the selectin (L-selectin),
integrin (CD18-CD11 complex, VLA-4), and immunoglobulin
(CD31) families interact, in a sequential and precisely regulated
manner, with specific counter-receptors on the endothelial cell
surface. These include carbohydrates (sialylated forms of Lewis
antigens) and members of the selectin (P-selectin, E-selectin)
and immunoglobulin families (intercellular adhesion molecule-
1 (ICAM-1), ICAM-2, vascular cell adhesion molecule-1

467
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(VCAM-1), and CD31) [13-16]. These receptors are induced,
increased. or functionally regulated by cytokines, chemokines,
steroid hormones. and by other cell-cell interplays [13—19].
Such interactions have been demonstrated to be essential for
the recruitment of leucocytes in the sites of injury [20-22].

In the present study, we investigated the expression of
endothelial cell adhesion molecules and their leucocyte coun-
ter-receptors in muscle biopsies from patients with 1IM. The
aims of our study were to identify receptors potentially
involved in the development of inflammatory infiltrates, and
to evaluate the activation status of the muscle vascular
endothelium in different inflammatory myopathies.

PATIENTS AND METHODS

Patients

The study group consisted of 29 patients with [IM who under-
went muscle biopsy for diagnostic purposes. The specimens
showed characteristic changes of DM (n = 18), PM (n = 6) and
IBM (n = 5) according to well defined clinical and histological
criteria [4,23]. ’

The age average was 57 years (range 3—80 years) in DM
patients, 57 years (range 18-75 years) in PM. and 39 years
(range 12-65 years) in IBM individuals. The male/female ratio
was 3/15in DM. 1/5 in PM and 1/4 in IBM. At the time when
biopsies were obtained, all patients had active disease on
clinical and histological grounds.

The control group included eight histologically normal
muscle samples from normal volunteers (seven males and one
female) aged 41 vears (range 30-38 vears).

Tissues were snap-frozen in isopenthane precooled in liquid
nitrogen and stored at —80°C.

Antibodies

Endothelial cells were identified with a rabbit anti-human von
Willebrand factor-related antigen (vWFAg) or with a CD31
(PECAM-1) MoAb (clone JC/70A) (Dako Corp.. Carpinteria,
CA). ICAM-1 (CD54) expression was determined using the
MoAb RR 1/i. kindly provided by Timothy A. Springer
(Harvard University, Boston, MA). VCAM-1 (CD106) was
detected with the MoAb 4B9, a generous gift from Roy R.
Lobb (Biogen Inc., Cambridge, MA). E-selectin (endothelial
leucocyte adhesion molecule-1 (ELAM-1)) was identified
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with the MoAb HI8 7 and a polyclonal raubbit anti-human
E-selectin. kindly provided by Michuel A. Gimbrone Jr
(Harvard University) and Rov R. Lobb. respectively. The 3
common chain of the leucocyte 3- integrins, CD18, was identi-
fied with the MoAb MHM23 (Dako). The 4 chain (CD49d) of
the VLA-4 (J1a4) receptor was identitied with the MoAb HP2/
1, a generous gift from Francisco Sanchez-Madrid (Hospital La
Princesa. Madrid. Spain). MoAb HP 2/1. supplied as hybri-
doma supernatant, was employed at [:5 dilution. RR 1/1 ascitis
was tested at a range of dilution between |: 1000 and I :40000
as detailed below. The remaining (purified) MoAbs were used
at |:100 dilution (5-10 zg/ml).

Immunostaining

Serial 4-8 um frozen sections were air-drned overnight, fixed
with cold acetone. and incubated at room (emperature with
each primary antibody for 30 min. MoAb immunoreactivity
was detected using the alkaline phosphatase anti-alkaline
phosphatase (APAAP) method [24] (Duako). For polyclonal
rabbit anti-human antibodies. a polyclonal rabbit anti-mouse
immunoglobulin bridge (Dako) was applicd before the APAAP
complex.

Quantification

For each condition. two to four consccutive sections were
evaluated and 1 minimum area of 0-3mm” was measured.
When lesions were focul. involved and relatively preserved
areas were considered together and independently. Since immuno-
staining detects molecules which may change depending on the
biological satus of" the cell. we quantified muscle microvessel
content using antibodies raised against two diflerent molecules:
vWFAgand CD3I1. Microvessels immunostained for endothelial
cell markers (vWFAg. CD31) were quantified using a computer-
ized digital analyser { Microm Image Processing IMCO, Kontron
Electronik. Munich. Germany) and expressed as average micro-
vessel number per fibre as described {25]. E-selectin. ICAM-|
and VCAM-1 microvessel expression was evaluited as percent-
age of vWFAg or CD3l-positive microvessels. Endothelial
cell immunoreactivity in small. medium sized vessels either
normal or surrounded by inflammatory infiltrates was estimated
as positive or negative. Inflammatory infiltrates tperivascular or
endomysial) were also evaluated for leucocyie expression of
adhesion receptors. Positive leucocytes were visually counted
by two independent investigators (J.-M.G. and M.-C.C.) and

Table 1. Microvessel number/muscle fibre in [IM as estimated by CD31 (PECAM-I) and von Willebrand factor-related antigen (vWFAg)'
immunostaining

CD31 YWFAg
N P T N P T
DM 0-89 + 0-38* 0-75 = 0-38** 0-86 = 0-45* 0-54 2 0-18%* 0-42 = u-16**= 0-47 = (-27%**
PM 093 £ 0-21 0-97 = 0-24 0-97 £ 0-20 021022 0-68 = 0-16* 0-70 £ 0-20
IBM 0-78 £ 0-43 0-75 £ 0-34 0-75 = 0-37* 036 = 0-26* 0-48 = 0-19** 0-52 = 0-23*
C 123 £0-27 1:23 £ 0-27 0-96 = 0-31 0-96 =031

C, Control; N, preserved (relatively normal) areas: P. involved (pathologic) areas: T. total: DM. dermatomyositis: PML polyvmyositis: 1BM.

inclusion body myositis.
*P < 0-05 versus C; **P < 0-01 versus C: ***P < 0-001 versus C.

) 1996 Blackwell Scienve Ltd. Clinteci und Experimenial Imno.ogy, 104467 473
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Fable 2. Adhesion molecuis expression by muscie microvascutatute in 1M measured as percentage of von Willebrand

sactor-related antigen (VW FAggpositive microvessels also expressing anterceliulur adhesion molecule-1 (ICAM-1 1.
vitscular cell adhesion molecule-1 (VCANM-1) or -selectin
ICAM-1

e —_— VCAM-I E-selectin
N p T T T
DM 1054 52 135 + 44** 125 = 33+ 30 £ 30* 0
PN 108 £ 60 117 £ 52 12 =355 139 0
IBM 74 + 41 68 & 26 o8 = 34 0=x1 0
C 784 23 78 =23 45 0

*P <005 **P < 0001,

DML, Dermatomyositis; PM. polymyositis: IBM. inclusion body mvositis.

expressed as percentage of total infiltrating cells as assessed by
haematoxylin counterstaining.

Non-parametric Mann—-Whitney U-test was employed for
statistical analysis.

RESULTS

Adiesion molecule expression in muscle microvessels
Microvasculature content was remarkably reduced in both
preserved and involved areas of DM specimens compared
with controls. as assessed by vVWFA¢g and CD31 immunostain-
ing (Table 1) (Fig. la.b). A slight reduction in microvessel
number was also seen in PM and IBM (Table 1). vWFAg
was more specific in detecting vessels in our samples, since
CD31 was also expressed by leucocyies (Fig. 1a). Therefore,
vWFAg immunoreactivity was subsequently employed to
evaluate the percentage of adhesion molecule-expressing
microvessels.

ICAM-1 was constitutively expressed by the endothelium of
muscle vessels of all sizes. However, immunostaining was much
more intense in DM microvessels than in PM or control
biopsies. In order to quantify this observation a very high
dilution of RR 1/1 ascitis (1:40000) was employed. At
this MoAb dilution. a significant proportion of endothelial
cells in normal. PM and 1BM biopsies were negative, whereas
DM  microvessels still showed intense immunoreactivity
(Fig. lc.d.e). The amount of ICAM-1-expressing microvessels
(assessed as percentage of vVWFAg-positive microvessels) was
close to normal in relatively preserved areas of DM samples,
but was significantly higher in involved regions where, in some
cases, the number of ICAM-l-expressing microvessels was
higher than the number of those immunoreactive for vWFAg
(Tabie 2). ICAM-|-expressing microvessels in PM and IBM did
not differ from the control population. VCAM-1 expression
was negative in vessels of normal biopsies. Only a few
scattered cells in the interstitium, probably resident macro-
phages. were VCAM-I-immunoreactive. VCAM-1 microves-
sel expression was significantly increased in DM, whereas in
PM and IBM it did not differ from the control population
(Table 2). No E-selectin expression was observed in muscle
microvessels in normal or pathologic samples using two differ-
ent antibodies at a range of dilutions that was effective in
detecting cytokine-induced E-selectin in cultured endothelial
cells [18].

Adhesion molecule expression in small and medium-sized vessels
Endothelium from small and medium-sized vessels constitu-
tively expressed ICAM-1. VCAM-1 was only detected on
endothelial cells of vessels surrounded by inflammatory infil-
trates in both DM and PM (Fig. 1g). These endothelial cells
also stained more intensively for ICAM-1. E-selectin expression
could not be convincingly demonstrated in vessels of any size.

Adhesion receprors in inflammarory infiltrates

Dense inflammatory infiltrates were observed in 16 samples
(14 DM and two PM). Infiltrating leucocytes strongly expressed
B-(CD18) and B, (VL.A-4) integrins (Fig. 1h). In addition, a
notable percentage of infilirating cells expressed ICAM-I,
VCAM-1 and CD31. Although the number of available PM
samples with dense inflammatory infiltrates was small and
therefore no definitive conclusions can be drawn, no significant
differences in adhesion receptor expression by inflammatory
cells were found betweén DM and PM (Table 3). Nearly 100%
of phagocytic cells invading necrotic muscle fibres intensively
expressed the adhesion molecules tested. This was observed
similarly in DM, PM. and IBM specimens.

Adhesion molecule expression by muscle fibres

In nine DM biopsies (50%). ICAM-1 immunoreactivity was
detected on the sarcolemma of scattered muscle cells which
corresponded mostly to atrophic or regenerating fibres. ICAM-]
expression by muscle fibres normal in appearance was also
noticed (Fig. 1f). In four DM specimens (22%). regenerating
fibres also expressed VCAM-1. In two PM samples, ICAM-1
and VCAM-1 expression by partially invaded muscle fibres was
evidenced (data not shown). No adhesion molecule expression
by muscle cells was observed in IBM or control biopsies.

Table 3. Adhesion molecule expression by infiltrating leucocytes in IIM

CD18 (82) CD49d (a4)  ICAM-1  VCAM-I

(%) (%) (%) (%)
DM 94+5 66+ 17 52+ 24 43318
PM 800 80£0 30£0 20+ 14

ICAM-1, Intercellular adhesion molecule-1; VCAM-1. vascular cell
adhesion molecule-1: DM. dermatomyositis; PM. polymyvositis.
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DISCUSSION

Mhacrovasculature content. as assessed by VWA o CD3
mmmunostening. was significantly depleted in mascle samples
trom "DM pauents. Similar observations were previousiy
reported by our group and others using evaivation svstems
such as semithin section examination. {Jev curopacns lechin
stuning. and electron microscopy [4- 7]. A shght decrease in
microvessel content was also observed in PA and IBM. in
agreement with previous findings [25]. Although endothelial
expression of CD31 is more widely distributed than VWFAg
{26]). vWFAg wus more accurate in detecting vessels in our
system, since CD31, also expressed by leucocyies [27]. stained
resident macrophages, pericvtes. and interstitial inflammatory
cells.

The expression of ICAM-1 was up-regulated in DM
microvessels. and VCAM-1, which was absen: from normal
muscle vessels. was present on a significant proportion of DM
microvessels. Microvessels expressing ICAM-1 and VCAM-1
were not always in close proximity 1o clusters of inflammatory
cells. suggesting that the expression of these adhesion molecules
may not be induced exclusively in a paracrine fashion by
cyvtokines released from inflammatory cells. Several invest-
gators have demonstrated the presence of the final product of
the complement activation cascade C5b-9 in muscle capillaries
of DM patients. which implies that capillary endothelial cells
are an early target of complement-mediated mjury [8.9]. In view
of the fact that other authors have demonstrated that C3a binds
1o endothelial cells and up-regulates adhesion molecule expres-
sion [28]. it is possible that ICAM-1 and VCAM-I expression
by microvessels in DM may be induced by complement activu-
tion products or complement-mediated sublethal endothelial
cell injury. Moreover. sublethal injury stimulates IL-lo
production by endothelial cells and this cyvtokine induces
ICAM-1 expression in an autocrine manner {29]. We could
not satisfactorily detect the presence of E-selectin in any of the
vessels present in our patient samples. Recently, other authors,
using a different E-selectin MoAb. demonstrated E-selectin
expression on endothelial cells in muscle biopsies from patients
with systemic lupus ervthematosus independentl: of the presence
of inflummaton infiltrates [30]. Thus. the pattern of adhesion
molecule expression may vary in different autoinimune diseases,
Moreover. we have recently demonstrated that E-selectin 15
expressed 1n cutaneous vessels of skin biopsies from patients
with DM [11]. E-selectin on endothelial cells binds to sialylated
forms of carbohydrates related 1o Lewis x and Lewis a antigens

Fig. 1. CD31 (PECAM-1j-expressing microvessels are depleted in
dermatomyositis (DM) (a) compared with control (b) muscle biopsies.
CD317 infiltrating leucocyies can also b2 seen in DM (). At a very
high dilution. intercellular adhesion molecule-} (ICAM-1) expression is
hardly apparent in muscle microvessels from control (¢) and polymvo-
sitis (PM) (d) muscle specimens. whereas a remarkable immunostaining
remains in DM samples (). ICAM-1 expression by muscle fibres can be
observed in biopsy specimens from DM patients (f). Vascular cell
adhesion molecule-1 (VCAM-1) is intensively expressed by endothelial
cells from vessels surrounded by inflammatory infiltrates in DM (g). In
serial sections from the same specimen. strong VLA-4 (h) positivity in
infiltrating leucocyles can be observed. (APAAP technique with the
MoAbs described in Patienis and Methods. Counterstaining with
haematoxvlin.)

FI31031) 10 has aiso been shown that E-selecun can bind 10
cutancous hvmphocste antigen (CLA) o related carbohydrate
expressed by T lvmphocvies with cutancous tropism [32}. Lack
o E-selectin expression in muscle vessels and jis presence i
simultancously biopsied skin lesions from the same patients
provide further evidence that the pattern of adhesion molecule
expression contributes 1o tissue specificity in chronic inflanmima-
lory discases.

In some instunces 1CAM-1 and VCAM-] expression by
muscle fibres was observed in both PM and DM. an observa-
tion that agrees with others [33.34). Since both ICAM-1 and
VCAM-1 are induced by interferon-gamma (IFN-~) or tumour
necrosis factor-alpha (TNF-a) on cultured mvotubes [35]. their
expression by muscle cells could be g consequence of the
inflammatory rcaction of these diseases. The expression of
ICAM-1 by target cells is necessary for T cell-mediated cyvio-
loxicity [36] and, consequently. its expression by muscle cells
could facilitate muscle damage. On the other hand. VCAM-|
is expressed during normal muscle development [37) and
1ts presence on muscle fibres might represent a regenerative
process.

In the present study, endothelial cells from small and
medium-sized vessels that were surrounded by inflammatory
infiltrates. strongly expressed VCAM-1 and ICAM-1. Perivas-
cular leucocytes had a high expression of CD1§ and CD49d.
CDI8 is the .schain common to LFA-J and Muc-] f13-16].
CDA49d is the a4 chain shared by VLA-4 (Jla4) and 3704
integrins and recognizes VCAM-1 and fibronectin [13-16].
Lymphocvtes and macrophages express CDI§ and CD49d
and strong inlegrin expression characterizes the phenotyvpe
ol migrating cells [38]. Although virtually all circulating leuco-
cvtes express CDIS. surprisingly. about 20% of infiltrating
leucocytes. particularly in PM infiltrates, were CDI18~. We
have observed 4 similar phenomenon in vasculitis infiltrates
(unpublished observations). Since leucocyte integrins undergo
conformation changes upon activation. it is possibie that the
anti-CD 18 MoAb used in the present study does not recognize
aclivated epitopes. Overall, our observations suggest that inter-
actions between LFA-1/ICAM-1 and VLA-4 and potentially
3704/VCAM-1 are important in the development of muscle
inflammatory infilirates in 1IM. Even though the distribution
of infiltraling lvmphocytes is different in PM (CDh8™ T
lymphocyvie predominance) from that in DM (presence of B
tymphocyies) [1,2.40). it appears that both disorders utilize
similur adhesion; migration pathways.

Current evidence emphasizes the potential involvement of
LFA/NICAM-] and VLA-4/VCAM-! interactions in the devel-
opment of inflammatory lesions [20.21,41-45). Moreover,
MoAbs blocking functional epilopes of adhesion molecuies
have efficiently prevented the development of inflammatory
lesions and clinically apparent disease in animal models of
several autoimmune disorders {46-49], and some of these
antibodies have entered phase 1/11 clinical trials {41,50]. Our
results suggest that IIM, particularly DM and PM, might also
be considered among the autoimmune diseases that could
potentially benefit from anti-adhesion therapy.
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CASE REPORT
POLYARTERITIS NODOSA IN HUMAN IMMUNODEFICIENCY VIRUS
INFECTION: REPORT OF FOUR CASES AND REVIEW OF THE
LITERATURE

C. FONT, O. MIRO, E. PEDROL, F. MASANES, B. COLL-VINENT, J. CASADEMONT,
M. C. CID and J. M. GRAU
Grup d Investigacié6 Muscular, Servei de Medicina Interna General. Hospital Clinic i Provincial. Universitat de
Barcelona, Barcelona, Spuin

SUMMARY

Four patients with HIV infection were diagnosed as having panarteritis nodosa type vasculitis in muscle samples taken by biopsy.
Fever, weight loss and neuromuscular symptoms were the major complaints. All but onc were successfully treated with a low
dose of prednisone. The other patient refused treatment, but her muscular complaints did not worsen during 9 months of
follow-up. Previously reported cases in the literature are reviewed.

KEey worps: AIDS, HIV. Necrotizing arteritis, Rheumatic manifestations. Vasculitis, Panarteritis nodosa. Prednisone,

Neuromuscular symptoms, Muscle biopsy. Muscle atrophy.

POLYARTERITIS nodosa (PAN) is a multisystem
life-threatening disease characterized by inflammation
and necrosis of small and medium-size arteries.
Typically, it involves renal and other visceral arteries
with sparing of the pulmonary circulation [I].
Nonetheless, in the last few years, limited forms of the
disease localized to skin. muscle and other organ
systemns have been described. usually associated with a
better prognosis and good response to relatively low
doses of corticosteroids alone [1-3].

Although the aetiology remains unknown, in some
instances, PAN may be associated with different
infectious, collagen and neoplastic diseases that have a
high incidence of circulating immune complexes [1].
Recently, cases of PAN associated with HIV infection
have been described. However, there are no large series
that allow evaluation of the clinical course, prognosis
and management of these patients. We describe four
new cases of PAN in this setting, and review previously
reported cases in the literature. The present cases come
from a cohort of 120 HIV patients who underwent
muscle and/or nerve biopsy for several reasons in the
past 5 yr. During this period, our hospital has looked
after nearly 2000 HIV patients.

CASE REPORTS
Case |
A 38-yr-old female with a past history of i.v. drug abuse
and HIV infection was admitted because of a * day history
of fever. chills and generalized arthromyalgias. She also
referred with a weight loss of 10 kg for the last 3 weeks, and
progressive weakness over the last 6 months. Physical
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1996.
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examination was only remarkable for a temperature of
37.7°C and evident muscular atrophy. Laboratory data

showed an crythrocvte sedimentation rate (ESR) of
104 mm.h. haemoglobin  of 1.8 g dl. leucocytes of
2310 x 10" 1. with a normal differential count. CD4
lymphocyvie count was 220 N 10°l. Hepatitis B surface

antigen (HBsAg), hepatitis B core antibodies (HBcAb) and
hepatitis C antibodies were all negative. After work-up to
rule out opportunistic intection, a biopsy of her right
gastrocnemius showed medium-sized necrotizing vasculitis of
polvarteritis type. Prednisone was started at a dose of
0.5 mg/kg/day. Fever remitted within the next 3 days.
Weakness Jdecreased and her general condition improved
within the next month. Five months later. prednisone was
discontinued. The patient remained asymptomatic during 12
months of toliow-up.

Case 2

A 37-yr-old male with a previous history of i.v. drug abuse
and HIV infection was admitted because of a 10 day history
of fever. night sweats and generalized myalgias. He also
referred with progressive weakness and a 10 kg weight loss
during the last vear. He had started zidovudine therapy 18
months prior to admission because his CD4 lymphocyte
count fell to 50 x 10%l. Physical examination revealed a
cachectic chronically ill-appearing male with low-grade fever
and generalized muscular atrophy. Osteotendinous reflexes
were diminished in the lower limbs. Admission laboratory
studies were remarkable oniv for ESR of 91 mm. h. Hepatiris
C and HBcAb were both positive, but HBsAg was negative.
Electromyography (EMG) revealed slight nerve motor
conduction slowness and a myopathic pattern. A right
gastrocnemius  muscle  biopsy  was  performed. Histo-
pathological findings were consistent with PAN-type
vasculitis. He was given prednisone 0.5 mg kg/day, showing
progressive recovery. Three months later. prednisone was
tapered to (0.2 mg/kgyday. Treatment was discontinued by the
sixth month. The patient remained symptom {ree 12 months
later.
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Cuse 3

A 27-yr-old male. a former i.v. drug abuser on methadone
maintenance. was known to be HIV positive § yr ago when
admitted because of lymphatic tuberculosis. He also had a
history of chronic liver disease due to hepatitis C. HBsAg and
HBcAb were both negative. CD4 lymphocvte count was
310 x 10%1. He was receiving antiretroviral therapy with
didanosine. He was admitted because of a 3 day history of
fever. He also referred with progressive weakness for the past
3 months. On examination. his temperature was 37.2 C. he
had generalized muscular atrophy. and liver and spleen
enlargement. The rest of the examination was unremarkable.
Laboratory tests showed ESR 60 mm h. platelets 99 x 10°/1
and total proteins 102 g/l. with polyclonal hypergamma-
globulinaemia. Chest X-ray was normal. Blood and urine
cultures were negative. Empirical antibiotic therapy was
started. The patient remained feverish and his
general condition worsened during the admission. A right
gastrocnemius muscle biopsy was finally performed.
Histopathological study showed several arteries with
inflammatory infiltration of the wall and fibrinoid necrosis.
He was given 0.5 mg kg, day of prednisone. Fever remitted in
2 days and his general condition progressively improved. The
patient died 4 months later aut home. Autopsy studies were
not authorized.

Cuse 4

A 27-yr-old woman. a former Lv. drug abuser, diagnosed
with AIDS 2 vr before admission because ot oesophageal
candidiasis. Her CD4 Iymphocyte count was 14 x [0°1.
Hepatitis C and HBc antibodies were positive, but HBsAg
was negative. She was receiving antiretroviral therupy with
zidovudine. The patient was seen in the out-patient clinic
where she complained of a 6 month history of progressive
weakness and myalgias. Physical examination revealed
generalized muscular atrophy. An EMG study showed a
myopathic pattern in the lower limbs. A muscular biopsy in
her right gastrocnemius was performed. Histopathological
findings confirmed necrotizing vasculitis in several medium-
sized arteries. Treatment with prednisone was proposed. but
the patient refused it. She was followed-up during Y months.
Her weuakness did not worsen. nor did she develop any
systemic sign of vasculitts.

DISCUSSION

The co-occurrence of HIV infection and rheumatic
manifestations. including arthropathies. Reiter's syn-
drome. myopathies and several forms of vasculitis.

including necrotizing vasculitis type PAN. has been
reported in recent years {4-7]). We present four new
patients with advanced stage HIV infection diagnosed
with PAN. Clinical. analytical and evolutive data from
these patients are summarized in Table 1. We have
found 26 additional cases [5-26] of PAN in
HIV-infected patients previously reported in the
literature (MEDLINE 1987-1995). From the unalysis
of our patients and patients previously reported. one
can see that the mean age is 44 yr (range 27-75) and
78% were males. PAN can appear in any stage of
HIV disease and at any count of CD4 lympho-
cytes (range 14-540 x 10°1). Symptoms suggestive of
PAN in HIV-infected patients werce predominantly
related to the musculoskeletal (myalgias. polyvarthral-
gia. muscular atrophy) and peripheral nervous systems
(sensorimotor polyneuropathy and mononeuropathy),
often as isolated manifestations. General symptoms
like fever and weight loss were seen in one-third of the
cases. Nevertheless. since these non-specitic complaints
are very common in patients with HIV infection. it 1s
possible that some cuses of vasculitis could remain
underdiagnosed since histopathological studies are not
alwavs carried out.

Even though there was a lack of information about
arteriographic studies and long-term prognosis in most
reported cases. it seems that PAN in HIV patients
rarelv becomes as multisystemic und lite-threatening
disease. Some exceptions with heart [12]. gut {8]. kidney
[12] or central nervous system [21.24] involvement
have been reported. Nevertheless. and in contrast to
classical PAN in which systemic involvement is more
frequently seen (Tuble 1. the clinical behaviour of
PAN in patients with HIV infection seems closer to
previously described PAN limited to the peripheral
nervous system [2] or muscle [3].

The aetiology of PAN remains obscure. HBsAg has
been demonstrated in up to 30% ol patients with
classic PAN [1]. Although it is well known that
hepatitis B virus infection is more prevalent in
HIV-intected patients. positivity for HBsAg in patients
suffering from HIV-related PAN occurred in one of the
21 cases in which information was available. This fact
makes it unlikely that hepatitis B virus plaved a role in

TABLE |
Clinical and laboratory data from our four patients with peivarteritis nodosa and HIV infecnion
CDC Pathologcal
Case Age Sex cluss* CD4 Clinical manifestations study HBsAg HBcAb Treatment outcome
I 38 F IvC 220 Fever 4+ weight loss + urthro- Muscle - - Prednisone 0.3 myg kg duy during
myalgias + weakness + muscle 3 months asy mptomatic 12 months
atrophy ot tollow-up
2 37 M IvC 30 Fever + weight loss + myalgia + Muscie - - Prednisone 0.3 mg kg day for
peripheral neuropathy 3 months. 0.2 mg kg day tor
3 months asymptomuane 12 months
of tollow-up
3 27 M IvC 310 Fever + weakness — muscle Muscie - - Prednisone 0.3 myg aay for
atrophy 4 months dead 4 months later
4 27 F tVC 14 Weakness — myaluia - muscle Museic - - None no sighs ol svsiemic Jiscase
atrophy 9 months of follow-up

HIV. human immunodeficiency virus: M. male: F. female: HBsAg, hepatitis B surface antigen: HBeAb, hepauus B core Lnubody.
*Staging ol HIV infection according to the 1987 Criterta of the Centers for Discase Control and Prevenuon [31].
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TABLE 1
Clinicz. mvolvement in patients with classic and HIV-related PAN

HIV-related PAN Classic PAN
per cent incidence  per cent mcidence

Chnica: involvement (n = 30)* g1 = 307y
Peripheral neuropathy 60 51
Muscuioskeletal svstem 43 64
Fever 37 71
Weigh loss 3" 54
Skin 16 43
Hypertznsion 10 R
Kidnex 7 70
Centra! nervous system 7 23
Gastro:ntestinal tract 3 44
Cardiac 3 36
HBs antigenaemia 5 30

*From the present series and references [5-26].
tFrom Cupps and Fauci [1].

the development of PAN in these patients. On the other
hand. Bardin ¢r a/. |9} demonstrated the presence of
HIV capsid antigen in the vascular lesions from two
patients with necrotizing vasculitis. suggesting that
HIV itself may be involved in its pathogenesis.

The classic therapeutic approach for patients with
severe and progressive PAN includes the use of
immunosuppressive therapy with corucosteroids at
high doses and cyclophosphamide [1]. On the other
hand. other forms of PAN limited to the skin or muscle
can be treated with corticosteroids alone without
evidence of progression to more generalized forms. In
these settings. the long-term prognosis. even iIn
untreated patients. seems to be good [1. 2]. Currently,
there 1s no consensus about the treatment and dose in
HIV-infected patients who develop vasculitis. since the
consequences of immunosuppressive therapy in HIV
patienis are controversial. Although an increase in
opportunistic infections in HIV patients because of
immunosuppressive therapy has been reported by some
authors [27-29]. recent studies suggest that
corticosteroid therapy in asymptomatic and mildly
symptomatic patients with HIV infection is safe. and
can even lead 1o a sustained increase in CD4 cell counts
[30]. The potential side-cffects of immunosuppressive
therapy. together with the clinical evidence that PAN
in HI'V-infected patients is less aggressive than classical
PAN. led us to use a low dose of corticosteroids. In
brief. three of our patients were successfully treated
with prednisone at doses of 0.5 mg/kg/day. In addition,
one of cur patients who refused corticosteroid therapy
had no worsening of weakness during the 9 months of
follow-up, nor did she develop systemic symptoms of
PAN. With regard to treatment in previously reporied
cases. data were available in only 13 of the 26 cases
reviewed. A high dose of prednisone alone was
instituted in six patients [7, 8, 11, 21, 23, 25} with a
favourable outcome in five of them and no data about
the outcome in the sixth [21]: another three patients
[14. 15] were treated with corticosteroid therapy alone
with unspecified dosage and the outcome was
favourable as well. Three patients [6, 20, 26] were given
prednisone and cvclophosphamide, one of them had a

favourable response. one had no discernible effect and
the last died 4 months later because of opportunistic
infection. Finally. plasmapheresis associated with
corticosteroid therapy was tried in another patient [16).
but there were no data on outcome. No remarkable
adverse effects have been described associated with this
immunosuppressive therapy in HIV patients. We think
that our successful experience with Jlow-dose
corticosteroids may benefit HIV patients with
paucisymptomatic PAN. However. further prospective
studies should be carried out in order to permit critical
evaluation.
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CLINICAL FEATURES IN PATIENTS WITH PERMANENT VISUAL LOSS
DUE TO BIOPSY-PROVEN GIANT CELL ARTERITIS

C. FONT. M. (. CID. B. COLL-VINENT. A. LOPEZ-SOTO and J. M. GRAU

Deparimen: of Iniernal Mediemne. Hospual Clinie @ Provincial. University of Barcelona. Barcelona. Spain

SUMMARY

The objective was to determine associated climical findings in patients with visual loss due to giant cell arteritis (GCA) by means
ol a record review of 146 patients with biopsy-proven GCA. Twenty-three (15.75%) patients had lost vision. All of these patients
complained of classical GCA cranial symptoms for an average of 1.3 months. 34.8% had an apparent isolated polymyalgia
rheumatica for an average of 10.8 months and 63.2% had premonitory visual svmptoms before visual loss for an average of
8.5 days. A clear delay in diagnosis and treatment was present in 15 patients (65.2%) who complained of at least two classical
cranial symptoms for longer than 3 weeks and or who had presented premonitory visual ssmpioms for longer than 72 h before
blindness. Two additional patients lost vision while receiving standard steroid therapy. In conclusion. a high proportion of
patients with permanent visual loss have u delaved diagnosis and treatment. A wider recognition of the disease would potentially
reduce the prevalence of irreversible visual loss among GCA patients.

KEey worps: Giant cell arteritis. Horton's disease. Vasculitis. Visual loss, Blindness, Amaurosis, Amaurosis fugax. Diplopia,

Corticosteroid theraps.

AMAUROSIs is the most frequent ischaemic complication
and the main cause of permanent disability among
giant cell arteritis (GCA) patients. It 1s generally
believed that a promipt institution of corucosteroid
therapy efficiently prevents blindness in this disease.
This statement is based on the observation that since
corticosteroid treatment was introduced. and with a
progressively wider recognition of the disease. the
incidence of permanent visual loss. which was ~60%
in early series. has decreased over the vears {1].
Moreover. corticosteroid therapy usually reverses
premonitory symptoms such as amaurosis fugax.
diplopia and blurry vision which. untreated. lead to
permanent visual defects in a substantial proportion of
individuals. However. visual impairment stll affected
8§-22% of patients in recent series [2-4]. This
observation suggests that there is still an under-
recognition of the disease or that certain patients are
particularly prone 1o developing blindness early in the
course of the disease before there is 2 feasible
opportunity of them being appropriately diagnosed
and treated.

In the present work. we reviewed clinical findings
in patients with permanent visual loss due to
biopsy-proven GCA. Special attention was paid to the
number, nature and duration of classical disease
manifestations at the moment of visual impairment.
The aim of our study was to analyse whether patients
with visual loss had enough typical clinical findings to
allow an earlier diagnosis and treatment.

Submitted 3 June 1996 revised version accepted 31 July 1996.
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METHODS

We retrospectively reviewed the chinical records of
146 consecutive patients (102 females and 44 males)
diagnosed at our institution over a 15yr period
(1980-1995). One hundred and twenty-four (83%)
patients were directiv evaluated by at least one of the
authors at the time of diagnosis.

Recorded data included the medical history
with particular emphasis on GCA-related clinical

manifestations, findings at physical examination.
ophthalmic evaluation, treatment received and
outcome.

RESULTS

Characteristics of visual impairment

Twenty-three (15.75%) out of 146 patients evaluated
(16 females and seven males) developed permanent
visual loss. Twelve patients (52.1%) presented uni-
lateral and seven patients (30.4%) bilateral amaurosis.
In two patients from the latter group. blindness was
simultaneous in both eyes. In the remaining five, loss
of vision was sequential and the second eye was
impaired within a 2 week interval. Four patients
(17.4%) presented permanent visual field defects. In 13
patients (15 eyes). visual loss was sudden and in the
remaining nine (14 eves) progressive blurry vision or
additive visual field defects led to complete blindness in
less than 2 weeks (Table I).

Sixteen patients (65.2%) had premonitory visual
symptoms an average of 8.5 days (range 0.5-60 days)
before permanent visual loss appeared (Fig. 1A). Seven
patients developed blurry vision and/or partial field

‘defects, six amaurosis fugax, two diplopia and in one

patient there were combinations of these (Table I).
Funduscopy revealed anterior ischaemic optic

neuropathy (AION) in 17 patients (73.9%) which was

bilateral in six of them. In an additional patient, AION

© 1997 British Society for Rheumatology
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was associated with central retinal artery occlusion.
One patient had an occlusion of a central retinal artery
branch. [n another patient. fundus examination was
normal. Funduscopy was not performed in the
remaining three patients.

Systemic symproms and discase duration before risual
loss

Constitutional symptoms were present in six (26%)
patients, fever in two (8.7%). myalgia in three (13.04%)
and polymyalgia rheumatica (PMR) in 12 (32.1%). At
the time of visual impairment, all patients complained
of cranial symptoms attributable to GCA (headache
in 78.3%, jaw claudication in 56.5%, facial pain
in 30.43%, scalp tenderness in 21.7%, odynophagia
in 17.4%, tongue pain-ischaemia in 13.04%, otalgia
in 8.7%, odontalgia in 4.3% and palate pain in 4.3%
of patients). Twenty patients (86.9%) complained of
more than one cranial symptom (Fig. 1B). The
duration of cranial symptoms before blindness ranged
from 1 week to 4 months (median 1.3 months)
(Fig. 1C). In addition, abnormal findings at physical
examination of the epicranial arteries were present in
19 (86.6%). These included absent or asymmetrical
pulse, tenderness, hardness or nodules. In I8 patients,
these abnormalities involved the temporal arteries and
in one patient the occipital arteries.

Twelve patients had PMR. In four patients
(17.4%), PMR co-existed with cranial symptoms at
disease onset. Eight patients (34.8%) presented with
an apparently isolated polymyalgia and later de-
veloped typical cranial symptoms, including blind-
ness. The average duration of PMR before visual loss
was 10.8 months (range | month-5 years). None of
these patients were appropriately diagnosed
during this period of time and received only
symptomatic treatment with non-steroidal anti-
inflammatory drugs.

TABLE |
Visual symptoms in patients with visual impairment due to GCA

Premonitory

Visual loss N symptoms (V)
Monocular 12
Sudden 3 amaurosis fugax 4
diplopia 1
Progressive 4 blurry vision 3
inferior hemifield
loss 2
Binocular 7
Sudden 2 blurry vision 1
Progressive blurry vision 4
amaurosis fugax |
diplopia !
inferior henufield
loss !

Visual fields defect 4
Sudden 3

19

amaurosts fugax
blurry vision |

N. number of patients.

A 10
n
= 81
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g 87
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FIG. 1.—{A) Time with premonitory visual svmptoms before
blindness in patients with visual impairment due to GCA. (B)
Number of cranial symptoms in patients with visual impairment due
to GCA. (C) Time with cranial symptoms before visual impairment.

Response to treatment

Eighteen patients were treated with oral prednisone
(1 mg/kg/day) and three patients received high i.v.
doses of methylprednisolone (1 g;day) for 3-3 days. No
patient felt significant improvement in their vision after
treatment. However, two patients with permanent
unilateral visual loss had amaurosis tugax and blurry
vision in the remaining eye which completely reversed
with treatment. The remaining two patients developed
bilateral and unilateral blindness due to AION while
taking 1 mg/kg;day of predmsone. I weeks and 5
months, respectively, after starting therapy.
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FiG. 2.—Proporuon of patients in whom the diagnosis of GCA could
nave potentially been made before blindness (A). patients in whom
piindness appeared vers earls in the course of GCA and.or when
oniy mild cranil symptoms of GCA were present (B1. and patients
who presenied permanent visual loss in the course of standard steroid
tnerapy (C)

Deiaved diagnosis and 1reanment

We considered that there had been a clear delay in
diagnosis and treatment when patients hac presented
premonitony  visual  symptoms (amauresis  fugax.
diplopia. sustained blurry vision or partial field defects)
for longer than 72 h and or at least two classical cranial
svmptoms (new-onset headache. jaw claudication,
tacial pain or scalp tenderness) for Jonger than 3 weeks
when visual loss occurred. According to these criteria,
I3 (65.2%) pauents had a delaved diagnosis and
treatment. Conversely. in six patents (26.09%),
permanent visual defects appeared either very early in
the course of the disease or when only mild
manifestations were present. In addition. as mentioned
above. two (8.7%0) additional patients became blind
while receiving corticosteroid therapy (Fig. 2).

DISCUSSION

Even though corticosteroid treatment has clearly
improved the visual prognosis of individuals with
GCA. a substantial number of patients still suffer from
permanent visual defects. In our series of 146 patents,
dizagnosed over the last 15 yr, 23 (15.75%) developed
visual impairment. a similar pattern to that reported in
recent reports [2—4]. Once amaurosis 1s established. the
visual prognosis is known to be poor in patents with
GCA [1. 5-7). Although several cases of total or partial
visual recovery following corticosteroid treatment have
been reported [3.5,8-10]. none of our patients
experienced significant visual improvement. Moreover,
two patients lost vision while receiving corticosteroid
therapy.

A carelul analysis of associated clinical findings and
disease duration in patienis with visual loss disclosed
that in eight patients PMR preceded by an average of
10.8 months the onset of cranial symptoms. including

amaurosts. Similar findings have been reported in other
retrospective series [11]. None of our patients were
previously diagnosed us having PMR. treated accord-
mgly or instructed about the possibility of cranial
symptom  development. In  prospective follow-up
studies. onlv a munority of patients considered to have
1solated PMR after a careful clinical evaluation and
appropriately  treated with low prednisone doses.
eventually develop full-blown GCA [12, 13]. Therefore.
our patients could theoretically have been diagnosed as
having GCA if an appropriate work-up had been
performed. However, in retrospect, we cannot evaluate
whether at phyvsical evaluation our patients had
abnormalities of temporal arteries or other clinical
findings which could have led to an earlier diagnosts of
GCA during their phase of apparently isolated PMR.

At the time of visual loss, all our patients had cranial
svmptoms. Moreover. 16 (65.2%) of our patients had
premonitory symptoms such as amaurosis fugax,
diplopia, blurry vision or partial field defects which
are considered alarming premonitory symptoms of
permanent visual loss. This frequency is similar to
previous reports [1. 14] and higher than reports from
other recent series [2—-4]. Fifteen (65.2%) of our
patients had at least two classical cranial symptoms for
longer than 3 weeks and/or classical premonitory
ocular symptoms for longer than 72 h when ischaemic
events occurreds These patients had sufficient clinical
manifestations to allow an earlier diagnosis and
treatment, and visual loss could potentially have been
prevented. In contrast. in six (26.09%) patients. cranial
symptoms had been present for <2 weeks or consisted
of less classical manifestations, making the possibility
of an early diagnosis and treatment less likely.

In summary. our results indicate that in a high
proportion of patients. an early diagnosis and
treatment could have been carried out. increasing the
likelihood of preventing permanent visual loss, a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>