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pathology only .sporadically dealt with in the reacting with granulocyte nuclei in the

jiast by which phagocytic cells-po.ssibly in a presence or absence of O N - A N A (13, 16, .51,

posthtimotis s ta te—may contr ibute to inflam- .53, 9.'^ 97, l.'W, 202, 211).

mation by appear ing as antigens giving rise to Sci a arc considered GS-ANA positive if all

at i toantibody product ion. T h e review will reactivity is directed lo |)hagocy(e nttdei as

cover mo.st of the available da ta on antint .clear stated above or if this specilic reactivity

antibodies six-cilically reacting with nuclei of sujx-rccdcs reacti\-ity with other cell nt idci l)y

ma tu re phagocytes o f the peripheral blood, the at lea.st two dilution steps (1(31, 1 7;^, 22 I). Svcc

so-called granulocyte-specific ant inuclear aiUi- (181) defined G S - ' \ N . \ somewhat differently,

bodies (GS-ANA). T h e main emphasis is put restricting the term to ANA retaining the

on the immttnoglobulin (Igl class and subcla.ss aboxe reactivity after absorption with

diversity, the complement fixing (CV) pro- nticle()|3rotcin.

perties of GS-ANA and their part icipation in A precise biochemical character izat ion of

immtine complexes in an a t tempt to con- the nuclear antigens involved in the GS-ANA

ccptttalize their po.ssible role in the immuno- reaction has been precluded by the scarcity of

iwthogenesis of RA and for special clinical methods available for their detection. Thus the

features sitch as neutropenia in RA. T h e spontaneotis antibodies occurt ing in sera of

survey will also deal with methodology ttsed RA patients h a \ e been shown to be de-

lor their dcmtjitstration and characterize GS- monstrablc only by indirect immtinonuores-

ANA (KC\irring in health and disease. cence t)r immuuoeiv/.yme technit |ue. Rcix-atcd

at tempts at showing precipitat ing activity of

(JS-ANA with granttlocyte nuclear extract
2. DEFINITION, TERMiNOLOCJY AND REACTIVITY |̂ .̂ ,̂̂ _ ^.^ _̂̂^ Completely negative resttlts (219).

' '''"'"'''' Clomplemc-nt fixation and passive haem-

GS-ANA arc antibodies capable of reacting it, agglutination techni(|ues hax e been considered

mho with nt.clci of ma tu re netttrophilic inappropr ia te since only subsets of antibodies

granulocytes, .sometimes also with monocytes can be di.sclosed by these methods . Detection

and/or eosinophilic granulocytes, but not with of .soluble nuclear antigens of grantilocytcs has

lymphocytes or with ti.ssue cells of human or been attemijted by inhibition of indirect

animal origin (161, 224, 227). Such antibodic-s immtuiofltiotcscencc using a bat tery of stan-

are mosl often fovmd in sera of patients with dard (JS-ANA sera from RA patients, bttt the

RA (see section 8). T h e reactivity is generally tcchnicpic proved to have little value dt.c to

restricted to the ma tu re cells ment ioned ; low sensitivity and i)oor rcprod\icibility (219).

however, .some sera of patients with Felty's 'J'hc heterogeneity of nuclear antigens

.syndrome, i.e. RA, leucopenia and spleno- involved in the GS-ANA teaction is indicated

megaly (61), have exhibited reactivity even by the occitrtencc of very difFercnt but

with metamyelocytes and myelocytes of remaikably leprodttcible staining pat terns

normal bone mar row and peripheral blood of exhibite-d by individual patient seta employing

chronic myeloid leukaemia patients (.50, .57, a s tandard technic|ue (see section 3) and fixed

222). In these .sera weak reactions have been dilutions of test sera and conjttgates (220).

shown with monocytes of Schilling's type Conjugates .specific for the dilferent h u m a n Ig

monocylc leukaemia, bul not with mycloblasts licax'v d ia ins often revealed diflerenl distinct

of acute myeloblastic leukaemia (222). In the i^attcrns which coalesced into comjiosilc

following, y\NA reacting with nuclei of jMttcrns when a ijolyspecilic an t i - Ig conjugate

lymphocytes and /or h u m a n thyroid or rat liver was used, indicating heterogeneity of the GS-

will be collectively te tmed organ-nonspecific ANA reaction in individual sera. Such

(ON-) ANA. Granti locytr-react ive ANA is a variations have even been noticed within the

term used by .some authors to indicate ANA Ig( i stibclas.ses o f t h e antibodies (227).
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Partial clinractcrization of granulocyte- immuuoiluoresccncc work, PBS, seems not to

specific nuclear autis.ns h.yc been attempted l . uc bceti cmpb.sized i;;^;;;;;;;^'^;;;;;:^!;;;;;.;;;;;

u,sed as substrate (br the ANA t(Tlmi(|tic (,'i(), htiman petiphcral blood leucocytes as a

56), From such stt.dic-s it was proposed tltat comcuicnt nuclear substrate for , \N,\ dctcc-

DNA was likely to constitute part of the tion, tlicsc cells still bcinR the preferred

autiscus, sitice DNA-asc treatment eradicated substrate for this ptttpose in many laboratories,

the reactivity with tnost (JS-ANA positive sera. It is possibly the main factor responsible for tlie

However, control treattncut witli phosi^hatc great discrciiaticics reported on the i>rcvalcnce

btilleicd ,salittc (PBS) alone rcstiltcd in rc-mo\al of ANA in R,\ (rc\ icwod in 50) atid the kc\ to

of antigens in some cases (56\ itidicating hisli the ((uestion why ptiblications on (;S-AN,\

,solubility of those autigetis in PBS, Studies have been rather scarce (18, 11, 17 ,57. (i5, 79,

fikitig- tlic ])ronotniccd sohibility of nuclear ');? % , 97, 109, 130, 1 1 H 1 9 , 161, 16-1, 17!?,

autig;-.t,s ittto accoutu 'l.y postponing tlu- 1«4, 19:5, 198, 202, 204, 205, 211, 215 229.

ctt/.ytiu- treatm.-nt till after tlie reaction with 212, 2481 originatitig frotn a ratltcr low

patient scrtim had takcu place (209) sliowcd a ntmihcr of laboiatotics, all of which employed

piescrN-cd tliotigli pattcrti-wisc altered tutdcar the lcttc(K-ytc stibstratc after some f.irtn of

(hiorcsceticc with ttiost sera (2201, Control lixatiott or prolonged air drying followed by

studies tising PBS treattnctit interposed iti the direct application of test sortitn without

a cotni^letcly tctaincd ""rcactixity of all sera. Recent data ftotn ottr laboratory obtained

wliilc PBS tt'eatmcttt before scrttni application by ctizymatic ttcatments of the lettcocytc

itidicatcd invoKctneut of s;tlittc soluble as well uttdcar sttbstratc in a low ionic sticngth-

rcactiou (220), RNA-asc trcattncttt did uot nticlcar antigcti CKtraction dtiring the trt-at-

l^rodiicc ucgatiM- tcactions, tiictit (Table 1") sitppott the coucept that DNA

Th.- ba.sic (iticstion i)crtainitig to the and RNA arc uot major parts of the

solubility oi' gratitilocytc specific tiiuicar graunlocytc-spccilic titiclcar atitigciis inxiiKcd

antigens iu tlic most widely used iHillcr for in the reactiotis with tnost R.\ jiaticut sera,

arc the tnost essential antigctiic constitticuts,

mu ualu, (usinmmo n..s.j^n,vau,n,>,cnAnus,,m ^̂ _̂̂  .̂ ^̂ ^̂ ^̂ |_ ^,^,^^^^^^ ^^ ^̂ ^̂ ^̂  indicate 'a gKco-

— ^ — protein ttaturc of .sotnc of the specific ttttclcar

ur'>l'lr'"' atttigctis of gratiulocytcs. The high sohtbilily of
icunu-iiu.i .uuicai^M, ,s i ,n . . ^̂ ^̂  antigctis in PBS was conlimicd attd

UninMioil •yMZl extctulcd by tisitig 0,1 M HCIl treattnctit before

l'h<)splKii,- buller (D.oi M) a short PBS c(|uilibratioti atid ,scnitn appli-

wiih MgCl, (O.OOUii lP15M l̂ 22/2;! cuiott to mirror the tcchni(itte used by some

'n:;:•;;';u';:Mr:;:p,r^ '"Z ----^--^i^^'«-^^^^^-'^"^'>-'-'^-^-^•^-^•
DNA-J (1 ,,,g/,nn in l'liMs irw23 (-S-ANA, The higlt sohtbility of the antigetis

DNA-,is,- (1 ni'i;/nili in PBM'H .ilicr patallcls a titnnbrr of moic rccctttly desctibed

IMiiau sninn (2IH>) 17'2:i soltiblc ntidcar atitigcns rcspotisiblc for reac-

RN.'Wsc ,1 niK/n.n in PHMu l-"2/',!:i jj^,,^ ^ ,̂ill, ,\NA j , ' , svstcniic hi]iiis crythc-

S.H,i,,,n,K.,iod,,u.o.,MinPBM. U^TS ^^^^^^^^^ ,^^.^^.^ cotitiocttvc tissttc dtscasc,

" ^ " ' ' ^ ' ^ ^ polyniyositis, Sjogrctt's sytidtotiic aud R,\
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(4 5, 62, 89, 117, 128, 135, 156, 172, 187, 207, Recent data indicate that DNA-associated,

234), Some of these arc extracted so easily that non-histonc proteins rnay be responsible for the

no fixation or prewashing is permissible if specificity of experimentally induced GS-ANA

reactivity is to be preserved (4-5), (109), These antigetis may well contribute

Early studies by Barnett & Vattghan (18) sttbstautially to GS-ANA reactions of RA sera

indicated presence of granulocyte specific as judged from the data discttssed above,

nitclear antigens in tnost notmal hutnan sera

siticc rabbits immunized with such sera 3 ,,,EOHNtcAL ASPECTS oî  GS-ANA

developed GS-ANA, T h e simplest explanation DETERMtNATtON

for this phenomenon wottld be that nttclear

antigens arc exttntded from granulocytes T h e origitial study of Fabcr et al, (57) and all

duritig blood clottitig, btitconfit mation of this subsequent stttdies by these itivestigators

possibility was not' sought. The Htct that (reviewed in 50, 54) utilized repeatedly frozen

tiormal sera often inhibit the GS-ANA and thawn smears of freshly obtained blood

reactiotis of RA sera seetns to support this from nortnal donors as cellular substrate for

notion (219), tlie GS-ANA detection. This technique is

A pronounced imtnunogenicity of granu- attractive with regard to preservation of

locyte titiclei wheti injected" into experimental maxitnum reactivity of the nttclear antigetis

animals has been shown by several investi- (50) and rendered the nuclei satisfactorily

gators (109, 127, 226, 242), A better response accessible to reactions with GS-ANA (49),

was obtained when whole nuclei preincubated Inherent draw-backs of the tcclinique were the

with ANA were used as the itntntmogen (242), lack of fixation of the cells to the slide sttrface

O u r own cxperitnents utilized citric cattsing loss of a great ntmiber of lymphocytes

acid/sucrose treattnent of pttrified httman duritig washing tnanipttlations, but also the

granttlocytes, and isolation of the nttclei by ttndesirably sti'Otig backgrottnd fluorescence

diOetential centrifugation in sucrose to avoid due to serum Ig adsorbed to the slide and cell

extt-action of soluble nuclear antigetis. T h e surfeces and an inconvenietitly low nutnber of

nuclei were itijected into New Zealatid white cells per tnicroscopic field for quick readitig of

rabbits usitig both subcutatieous adtninist- results in a daily routine,

ration in Freund's iticotrtplete adjuvant and After weighing various advatitages and

itittavctiotts injections iti salitie altettiately drawbacks agaitist each other a techtiiqtte

every second week, GS-ANA were readily was developed which tised isolated normal

detectable by indirect imtnunofluorescence donor buffy coat cells frotn defibrinated blood,

after 2 tnonths of itnmunization, and con- obtained by flotation on a dexttan-Lsopaqtte

tinued itntnunization led to production of high mixture at 1 x g for 45 tnin at room

titered GS-ANA (Table 2), Sitnilarly obtained tetnperature (227), ,After washitig in PBS

lytnphocyte nuclei itijected into control rabbits contaitiitig 1% hutnan sertttn albumin the cells

in the satne manner resulted in little or no were smeared onto defatted glass slides and

specific ANA prodttction. T h e cotnbined da ta fixed in 4''C cold ethanol for 5 min, Ethanol

indicate presence of powerful itnmunogens in has been the fixative of choice for lettcocytes

the saline extractable part of hutnan '^granu- used by many investigators (16, 28, 42, 70, 79,

locyte nuclei. T h e apparent diflerence in 173, 185) and our initial studies found it

itnmunogcnicity tnay be related to the superior to acetone, tnethanol atid para-

appear before ON-ANA iti sera of NZB/W ptesetvation at nuclear antigen teactivity and

tnice (50), in thymectotnized Swiss tnice (193) fluorescetice pat tern. None o f t h e fixatives

as well as in RA (50) and in vety early phases wete able to insolubilize the PBS cxttactable

of systemic ltiptis erythematosus (219), nuclear antigens of gt-anulocytes discttssed in



,s('( tioti 2, Uttfixcd cryostate se
thick of ltiitnan thyroid or rat li\'

to tes applic Pilot often left out, Althottgh cotn|)aris
not be tnado between ilata of difl'ei
it seems to lie cstalilishcd thaI'aber et al, (57) atid by the novel technic|tie, repotis,

hencelhrth de,signate(l the statidard techtti(|ue, variable proportion of apparently healthy
These sera wete derived from a large toiititte |iersons do have circulating ANA (reviewed
laboratory, (he Laboratoiy of Autoitntnune iu .50 and 62),
Serology at Statens Serutninstitiite, GS-ANA have been looked for iu normal
Cojienhagen, Results of ANA .sereening wete individuals in few studies (19, 50, 130, 144,
unknown to us. We used the identieal 161, 202, 21», 224), The pre\alence reported
conjugate with specificity lor all three main Ig has varied frotn 0 to 30",, de|)etKlittg on
clas,ses. One ,sertiin otit of 60 shown to be selection of donors, tnethod, sertmv dilution
positix'e for (;S-ANA by the freeze-thaw and Ig ela,ss of GS-ANA looked for. In 466

ehn by (he ndard ndotnly ed fro 20- old
tecliui(|iie, the opposite being .seeti in two sera, normal blood donors Wiik (21») found ANA of
illustrating the good ovetall concordattce of otte or more Ig cla,sscs in 77",, of undiluted
the two tnethods (222), ,sera, IgM, IgA' and IgG ANA being detected

'I'hisstandar(ltecltnic|iieliasl)eeti usedinall in 53",,, 44",, and 14",,, respectively, ANA
,stil)se(|ticnt studies of (;S-AN,\, the details of reacting solely ^^n\^ phagocyte ntich-i consti-
which have all been ptiblished (191, 221, 227, (uted abotit one fourth of (hese notmally oc-
22»), curring ANA, Dilution of seta (o 1 :l(i testtlted

The use of the stattdarcl tecltnif|tic for in a clecrca,se in all po.sitixe reactiotts, IgM,
Ig(; C;S-ANA and ON-ANA demonstration IgA and Igf J (}S-ANA were ttow foundiit 8",,,
yi(4ded reproducible tesults from day to day 3",, attd 1",,, res]K-ctiv(4y, Tlie,se iirevalettces
showing statidard deviatiotis of less (han one oiniously iT|iresent minitntim valties since no
dihition step by titiatiott ofthe satne seta ott 10 ab.soiption of (he .sera was dotte to n move ON-
conse(uti\e working days. The technique ,\NA, Tliese data tend to treomnteitd the use
proved reliable, ea.sy (o perfornt, easy to read of hoth <iualilative and cpiantitative meastires
and well suited lor detailed specific antibody for ANA itt rotuitte ,ser()logy. Our laboratory

cla.ss ANA using a screening dilution of (est
,serum of 1 :16, Wotnen above 40 years of age

I ()((iit<RfNC|. Of cs-ANA IN itfAi Tttv pFRsoNs ^^'^"''^'^''^^ '"' i'K'î -̂ isccl pte\alettce of IgG ANA
(21«), but otherwi,se only minor dilfercttces

defin the borderline which foi ed als<! era IVt

.retical viewpoit
ablished whethe

he (219), and ii
ed ANA of the ree main Ig cla.sses are roughly

e ob.scrved in adults (1 111, In
-ither GS-ANA nor ON-ANA
M)s,sess f;F properties (2lH, 224)
' or no phlogogenicity of these
tay be servitig a physiological
e a protective role (17n as has
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been suggested for rheumatoid fadors (Rl'l i
licalthy persons (89, 99).

Afte
litres of ANA increase (29, 186, 231). This has
l̂ een confirmed by Wiik et al. (224) who found
IgM, IgA and IgG .'\N.\ in a tiler of 1 :16 in
normal control sera of 6!, 36 and 20",,,
resixx-ti\ely. GS-AN.\ of the IgM and IgG
classes constituted 20",, and 8",,, iespecti\'ely.
Whether tlicse data ledcct a gradual loss ofsdf
tolerance or simply au enhanced physiological

cataboli.sni is not known, but it should iaspirc
to caution in interpreting ANA soroposi(i\-ily
in diseases commonly encountered in older

The existence of GS-ANA in noi'inal control
persons at all ages and the heterogeneity of
these antibodies in disease (sec section 5)
argues against a simple clonal selection or
somatic mutation theory at the level of (he B
lynii)hocytc itself. The data rather indicate
that GS-.\NA arc products of a c|ualitativdy

triggered to a broad iwlyclonal antibody
production in patients with rheumatoid
arthritis and especially in jxuicnls with Felty's
syndrome (sec sections 5 and H).

The first patient described to ha\-e GS-ANA
(57) suffered from the classic Felty's syndrome
(61). Tlic specific antibody was estimated to be
of IgM class due to sulOiydryl sensitixity and
macroglobulin sedimentation charactc-ristics

studies showed that GS-;\N.\ were commonly
found also in other forms of RA (48, 52, 53, 56)
and the antibodies belonged to the IgG, IgA
and IgM classes (49). Studies of granulocyte-
rcacti\T ANA, which comprise GS-AN.A. in the
presence or absence of ON-ANA, have
disclosed a similar Ig class heterogeneity ofthe
antibodies (13, 16, 51, 53, 97, 130, 202).

By the use ofthe standard technique Wiik ct
al. have confirmed the heterogeneity of GS-

.\N.\ in RA sera (118, 220, 221, 227-2291.
The combined data indicate that the antibodies
first and foremost occur in the IgG and IgM
classes, though Ig.\, IgD and IgE class GS-
AN.\ may also be found. These latter Ig classes
of GS-.\N.V arc csjiccially frequent in sera
from neutropenic cases of R.\ who also
characteristically have Nciy high titns of IgG
aud IgM GS-.VNA. The IgG .subcla.ss coni-
])osition of GS-.\N.\ in indixidual sera dilTcrs
considerably (227). The antibodies may
belong to one, two, three or all four subcla.sses
of IgG, CV properties being closely related to
the IgG, and/or IgG, subclasses ofthe anti-
bodies. The preponderanee of AN.\ in the
IgM class pointed out in early studies of R.\
sera (209, 238) is thus not reflected in tlie GS-
ANA system where IgG antibodies are
predominant both in adult RA (17, 181, 224,
227, 228) and in juvenile ehronic artliritis (97,
130, 114, 161).

The ai^parent heterogeneity of t;S-.\N.\
both as regards nuelear antigen specificity and
Ig class and sv.bclass composition makes'these

compare well with details reported on C)N-
.\N.\ in systemic lupus cr\ thematosus where
.\NA arc ascribed a definite role in the
pathogenesis ofthe disea.se ((i2, 91, 101, 105,
106, 110, 143, 153). In this disease CV
proiXMties are similarly linked to the IgG,
and/or IgG., subelasses ofthe antibodies (101,
110, 153, 169, 176, 193) and a high CF
potential of ANA is related to a more severe
course ofthe disease (139, 153, 170, 176, 191).

At this point it should be mentioned that an
unambiguous Ig class and subclass charac-
terization of any particular antilwdy in
unfiaetionated scrum of R.\ patients is
hampered by the coexistence of RF, immuno-
conglutinins' and ]Mobably other auto-
looked Ihr by binding secondarih- to the
specific antigen antibody complex formed (16,
118). Similar masking of GS-ANA probably
by RF has been noted in studies by Wiik (21(S,
217) where sera or joint lluids had been
fractionated by gel filtration at aeid pH
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(discussed in sections 9 and 10), The fact that by the synovial membrane in RA since direct
GS-ANA commonly participate in immune investigations of such production have not
complexes of RA sera and joint fluids (see been undertaken. Still some investigators seem
sections 7, 9 and 10) may also influence the to assume that such antibodies may be
attempts at characterizing the antibodies in synthesized locally since ANA is detectable in
detail, synovium eluates when undetectable in the

In summary the standard technique used by corresponding joint fluid and serum (35), and
Wiik and others (97, 130, 161, 184) thus since ANA may be found in joint fluid and not
produces results similar to those ofthe freeze- in the corresponding serum (14, 53, 69, 114,
thaw technique (47, 50), imposing no restric- 130),
tion on the detectability of the various Ig The same line of reasoning stimulated
classes of GS-ANA, studies of paired RA joint fluids'" and sera for

the occurrence and titres of ON-ANA and GS-

6, COMPLEMENT-FIXING PROPERTIES OF GS-ANA ^^^ belonging to the three main Ig classes
,N RA (224), Most joint fluids contained titres equal

to or lower than those ofthe paired serum, but
In most cases of RA showing presence of GS- some cases showed higher titres of ON-ANA or
ANA in serum and/or joint fluid the antibodies GS-ANA in joint fluid than in serum,
lack GF properties (224, 227, 228), However, This was found for all of the three main Ig
when the disease is complicated by neutro- classes studied. However, such data should be
penia the GS-ANA as a rule exhibit various interpreted with great caution since a number
degrees of GF abilities (228), high titres of GF of factors are likc-ly to influence the results:
GS-ANA being present solely in active phases
of the disease with manifest neutropenia (a) The rheumatoid joint fluid is known to
whether accompanied by splenomegaly or not, contain immune complexes of varying size
Normalization of neutrophil concentrations and comjjosition (36, 82, 112, 116,' 122,
accomplished by corticosteroid treatment is 124, 232, 233, 246), The emerging
accompanied by a conspicuous fall in titre of evidence of participation of GS-ANA in
GF GS-ANA (219), It is most probable that it such complexes m'lkes com iirison with
is the IgG class of GS-ANA which governs the serum titres problematical, as most GS-
Gt abilities of the antibodies, firstly since this ANA activity in RA serum seems to be
property is so closely linked to the IgG subclass uncomplexed (216),
nature of the antibody described above, and (b) Immune complexes are constantly being
secondly since GF GS-ANA always appear removed from the joint fluid by phagocy-
ln IgG containing fractions upon Sephadex tosis by neutrophils and monocvtic cells
G-200 gel filtration (216, 217), and by type A and G cells of the lining

GF properties of GS-ANA are likely to layer (3, 23, 24, 90, 94, 104, 115, 154,
furnish them with enhanced phlogistic capabi- 248), Antibodies participating in such
lities and the relation demonstrated in RA to complexes may therefore to some extent
neutropenia may indicate some mechanism by evade detection,
which these antibodies contribute to this rather (c) Nuclear antigens - both soluble and
rare complication of RA (see section 9), insoluble - have been demonstrated to be

richly represented in RA synovial fluids

7, SYNOVIAL MEMBRANE SYNTHESIS OF GS-ANA (''^' "''^' '60) , Thcse antigens may block
IN R A • -• • . . ^1^^ ^ ^ ^ ^^, _^^^ ^^^^.^ _̂̂^̂^ ^^^ ^̂^ ^̂ ^̂ ^̂ ^

plctely. This concept has found support
INo direct evidence has been produced for the from joint fluid GS-ANA fractionation
notion that ANA may be synthe,sized locally studies (217), Gomparable concentrations
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of nuclear antigen in serum are probably the acute phase of drug-induced lupus

not found (12, 188), erytheinato,sus (56, 149, 198) and even in other

(d) The majority of RA sera contain drug-related syndromes (1491, GS-ANA are

rheumatoid factors and immunocon- sometimes found in spontaneous systemie lupus

glutinins as well as various IgG aggluti- erythematosus (47, 56, 173, 243) though in

nators whieh are likely to bind secondarily most of these patients they are masked by the

to IgG and complement, respectively, simultaneously oeeurring ON-AN,\ whieh

whereby masking the Ig elass and content therefore must be removed by absorption to

of ANA in an unpredictable way (see uneover the usually low-titcrid GS-ANA (47),

seetions 9 and 10), Interestingly the systemic lupus erythematosus

(e) Autoantibody affinity at the level of the patients who exhibited GS-ANA in the latter

producing plasma eell or lymphocyte may study were those that had the most severe

be quite different from that of the eomplaints of arthritis as part of their disease

circulating autoantibody (158) favouring pattern. In the early phase of the NZB/W

sequestration of high affinity antibody in disease of mice GS-ANA ha\e been found

immune complexes adjacent to the site of to appear before ON-AN,\ (50),

production. Correspondingly, a few patients inx'estigated

(0 Lysosomal proteina,ses are abtmdantly for ANA in a \-ery early phase of systemie lupus

present in rheumatoid joinl fluids (re- erythematosus ha\e been found to produee

viewed in 3, 213, 246), If these enzymes high titres of IgG GS-ANA with pronouneed

are not totally inhibited by corresponding CV properties (219), These antibodies ap-

proteinase inhibitors joint Huid Ig may be peared some weeks before ON-AN,\, which

degraded (58), ' eventually hid the GS-yVNA, GS-AN,\ may be

sporadically found in patients with ehronie

Most of the mentioned faetors are likely to aetiVe hepatitis (149, 173), myasthenia grax'is

influenee the quantity and the quality of ANA (173) and ehronie uletrative colitis (149), GS-

demonstrable by studies of unfractionated joint AN,\ are also found in ju\enile ehronie

fluid samples, while only few of the factors are polyarthritis (130, 144, 149, 'l61), but there is

likely to afleet the antibodies demonstrable in some disagreement as to the jireNalenee, some

serum. The values reeorded in joint fluids thus finding these antibodies eommonly in se\eral

probably represent minimum'values. Never- elinieal types of the disease (130, 161) and

theless, a definite proof of loeal synthesis of GS- others piedominantly showing them in girls

ANA and ON-ANA must await future direct haviug many afleet ed joints (14 1, 149),

studies of antibody synthesis. Earlier studies of RA patients ha\ e shown a

eorresp(5ndenee between disease aeti\ity as

judged by the presenee of anaemia, a raised

iMCANc,'. ( • .s- crythroeyte sedimentation rate and severely

— u '̂̂ .iwî  compromised loeomotor function and the

Already from the early start of GS-ANA presenee of ,\NA detected In the use of human

serology il beeame evident that these anti- leueocytes as nuclear substrate (2,31),

bodies eould be considered as eharaeteristie of However, these data are at varianee with those

RA, as were the RF (,52, 54, 56) although their of EUing & Graudal (51) who found no

presenee is not limited to this disease (56, 96, relation to the stage of the disease, the degree

149, 164, 173, 198, 202, 218), Still GS-ANA of anaemia or joint functional eapaeity,

belonging to the IgG elass are more common \'eiy reeent data have shown a elose

ill RA than in any other disease entity, and in correlation belween presenee of IgG GS-ANA

I'elty's ,syndrome they are only rarely absent in serum and progre,ssion of joint damage both

(56, 228), These antibodies may be found in at the level of single aflected joints and in the
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number of affected joints of adult R A patients filtration (19, 134, 159), Others have used

followed for at least 3 years by a graded precipitation of such aggregates with I g M

radiographical technique (40i, No such rheumatoid factors [m,' 233), radio-

relation was foimd for IgG ON-ANA, IgG GS- immunoassay with i,solated monoclonal I g M

ANA may have similar prognostic,significance rheumatoid factor (112), aggregation of

in juvenile ehronie arthritis since propagation platelets (134), cryo])reeipitation of serum (78,

of di,sease aetivity into adult txge is ac- 93, 210, 211), hislamine relea,se from guinea

eompanied by pre,sence of these antibodies in pig lung (19, 75), and phagocytosis by

the patients sera (45), neutrophilie granulocytes (6, 78, <)3),

I f A N A are semiquanti ta ted by titration the Mosl of the methods mentioned have

diagnostic value of the test is increased e,s,sential l imitations: (a) since it is not possible

considerably (2, 55, 62, 111, 138, 119, 157, to perform the techniques under condilions by

207), If C"F properties are also estimated by which immune complexes are dissociated a

titration still more infbrmation of importance ,step which is desirable to be able to

foi the clinician is obtained (34, 139, 149, 153), discriminate immune complexes from artificial

Similarly a titration of IgG and C!F GS-ANA aggregates arising fVom inap]i iopriate hand-

may en lance t i e value ot a ]3ositive test ling of the serum sam])le; (b) since analysis of

appreciably, high titres of IgG GS-ANA with antigens and si^ecificities of the antibodies

CF abilities being limited to RA patients in \ol \ ed in aggregate formation is not possible,

having accompanying neutropenia or patients Wiik (216), therefore, chose to analyse R A

with a rheumatoid factor po,sitive au io immune ,sera for the existence and nature of immune

neutropenia lacking arthritis (228), though complexes by subjeeling them to Sephadex G-

low titres of CF GS-ANA may be seen even in 200 gel filtration at neutral pH, the advantage

uncomplicated RA, especially in patients being that sufficient amounts of material were

patients wilh drug-induced lupus of its specific ant ibody content and the Ig cla,ss

erythematosus, na ture of these antibodies, Ti t ra t ion of the

IgD and IgE elass GS-ANA are signifieantly \'arious Ig classes of GS- ANA, O N - A N A and

more often found in RA patients with normally occurring hetero])hilic antibodies to

accompanying neutropenia (154, 229) than in rabbit red cells allowed the estimation of a

uncomplicated cases of RA, Determinat ion of selective versus an indiscriminate involvement

these minor Ig classes of GS-ANA may turn of these antibodies in high and intermediate

between au to immune neutropenia of RA favour of an immune c o m p k x na ture of the

versus other forms of neutropenia in RA aggregate, tbe latter of an artificial aggre-

patients as indicated also for CI- GS-ANA gation. This techni(|ue has the addit ional

(228), advanlagc that fractionation may be carried

out at acid p H which is expected to cause

dissociation of immune complexes (82, 107,

9, PARTicnPATioN OF GS-ANA IN ciRGULAiiNG " ' ^ ' ^'^'^^ '''""•'^'^ admit tedly some artificial

UNE COMPLEX aggregat

certain extent at acid conditions (84),

M a n y studies of RA sera have indicated the Unti l recently R F belonging to the IgG and

vivo. Presence of IgC! aggregates of molecular antibodies recognized in circulating immune

sizes above that of monomeric IgG has been complexes in R A (82, 107, 167, 233), Some

shown by ultracentrifiigation (6, 63, 92, 107, investigators seem to imply that nearly all

134, 167, 233) and by Sephadex G-200 gel specific ant ibody activity contained in inter-
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mediate comi^lexes in RA may be ascribed to between these, ,'\s nuich as 50",, of the total
self-associating IgG RF (113, 151, 152, 239) IgG (TS ANA titer units could be found in
e\-cn if carefiil analyses of such complexes ha\ e aggregate containing fraetions in sera of In^ty
been performed onl)- in a fVw patients patii'nts,
displaying a very rare disease jjicture ac- U|K)n fractionation of sera at pH 4,5, IgG,
eompanied by hyperviscosity of the blood IgA and CF GS-ANA as a rule were eluled in
(151), Polyclonal IgG and IgM RF contained peak II fractious indicating dissociation of

complexes of patients with RA have recently Complement fixability of GS :\N,\ \vas most
been shown to ci()s,s-react with cell nuclei from probably associated wilh the IgG class of the

spe tibodies tibo ilar lo what has been shown fory p

O N ' A N A activity (82, 100), Apart from this, CV O N ANA (101, 153, 169, 176, 194, 195),

\ e ry liltle has been done to explore whether When present, IgG and IgA O N ; \NA

other antibody specilicities might be involved behaved clo,sely ,siniilar lo G S - , \ N A at ueulral

in immune complex formation" in the majority and acid pU. R F activity of two thirds of ihe

of palienis with RA, sero-positive sera was fbund both in 19S and

T h e widc-si^ead occurrence of G S - A N , \ in 7S conlainiug fractions, indicating va iy ius

a d i v e R, \ ( 52 ,53 ,224 ) , lhe api)earance of molecular sizes of ihcse anlibodies,

lhe,se antibodies early in the disea,se (50 52), An unexpeeled finding was the appearance

and lhe possible palhogenelie ,signilicance of of IgM elass GS- , \ N A or O N ANA not only

these antibodies (1 I, 215, 248) m a d e G S - A N , \ in the 19S region of the elutiou profile but also

interesting targets fbr investigation of immune in 80",, of the R, \ ,sera in peak I I fractions,

complexes, ' ' iudicaliug a monomeric fbrm of these auti-

Sera from patients with Felly's ,syndrome, bodies not earlier described in RA, Di,sappear-

ueuiropcuie cases of RA, non-neulrc^peuic ance of these autibodies from some sera after

ca,scsorR,\,osteoarlhiosis and normal control fractionation at pH 4,5 suggests pronounced
prrsons were IViu'tionatcd on a Scj>hudt'x CJ- scnsiti\ity t>i nionoincnc 1̂ ,̂ ^̂  iintibody ac-
200 column al neutral pH in 'Fris-HCl buffer, tivity lo even moderately low ĵ H conditions,
and all fractions were studied for the jiresencc With only two exceptions IgM rabbit red cell
of IgG, IgM and IgA ON-ANA and anlibodies were re,slricted lo the 19S peak,
(JS-ANA, and IgG, IgM and IgA rabbil red An iuleresliug observation was made ou
cell anlibodies by indirect immuno- serum from a l'elty patient which showed
nuore,scence lechni(|ue as well as for Rl'" by strongly positive reactions fbr IgG, IgM and
lalex agglutinalion technique (216), A very IgA GS AN,\ after gel filtration at neutral pH
clear-cut ])icUire emerged, IgG and IgA in spite of the fact thai the whole serum and
GS ANA as a rule were eluled in fi-adions bolh earlier and later whole serum specimens
containing high and/or intermediale ,size had been shown lo be negalive for all of these
proteias, i,e, in fractions of the fil SI peak and anlibodies by repealed examinalious. This
lhe area between peak I and peak II points towards removal of GS ,\NA
indicating some form of aggregation of these inhibitors po,ssibly nuclear antigens fVom
antibodies, lu contrast, IgG and IgA rabbit both jieak I and II fractions as a resull of the
red cell antibodies mostly aj^ix-ared in the g(4 filtration. Two sera sbown to gi\ e uegaliv e
fraclions of the second peak, 11ic (luanlily of RF reactions disclosed such activity in 19S
Ig(; CS ANA invoked in aggregates was fractions upon gel filtration at neutral pH,
espeeially high in sera fi'om neutropeuic RA suggesliug the removal of agglulinaliou inhibi-
palieuts vv4iere complement fixability of the tors (21,82), IgM AN,\ seen in fractions of a
C;S -ANA was similarly extended lo bolh peak l'clty patient serum disappeared comj^letely
I and II fiactions as well as the interval ujion acid fractionaiion, possibly indicating



IgM RF simulating ANA by complex
formation (13, 118),

Altogether the study indicates a regular
participation of GS-ANA but not rabbit red
cell antibodies in aggregates which appear to
be immune complexes, IgG GS-ANA being
especially enriched in complexes detected in
neutropenie cases of RA where the antibodies
show complement fixability. Low molecular
size IgM GS-ANA and ON-ANA were
prevalent in RA patients baving accom-
panying neutropenia, thus confirming and
extending earlier observations that 7S IgM is
found predominantly in RA patients baving
extraartieular manifestations (92, 177, 192),
The 19S state of IgM antibodies which bear no
relation to the rheumatoid infiammation (i,e,
rabbit red cell antibodies in RA and control
sera, and ANA in noiTnal eontrol sera)
indicates an as yet unexplained relation
between low molecular size IgM autoanti-
bodies (GS-ANA and RF) and the
rheumatoid inflammation. The involvement of
several autoantibodies in immune complexes
in RA, the existence of antibodies capable of
binding seeondarily to an immune eomplex
and the presence in some sera of ANA and RF
inhibitors make any analysis of Ig cla,ss and
content of speeific antibody inexact (see
seetion 7), A recent report confirms the
predominance of granulocyte-reactivc ANA in
circulating cold-insoluble immune complexes
isolated from Felty's syndrome patients (211),
The antibodies appeared to be selectively
concentrated in tbese complexes,

IgD and IgE class GS-ANA found in
neutropenie cases of RA also seem to be
involved in circulating immune complexes as
sbown by moleeular sieving and dis,soeiation
experiments and cryoglobulin studies
(148,229),

10, PARTICIPATION OF GS-ANA IN p i N T FLUID

IMMUNE COMPLEXES IN RA

Two approaches have been used to elucidate
the question whether or not GS-ANA may

participate in immune complex formation in
the rheumatoid joint fluid. At temperatures
well below those encountered in the eirculat-
ing blood certain immune complexes become
insoluble. Though no equation mark can be
put between these so-ealled cryoglobulins and
immune complexes the latter seem to be major
constituents of cryoglobulins isolated from sera
and joint fluids in diseases where immune
complexes are prevalent and held to be
significant for the pathogenesis of infiamma-
tion (15,116,246), Earlier studies of RA
synovial fluids have indicated presenee of
signifieant levels of cryoglobulins in most cases
of sero-positive disease (15, 36, 38, 116, 196,
246), Cryoprecipitable material was re-
sponsible fbr most of the CF capacity found in
RA joint fluids (116, 196), and an inverse
relation was shown to the complement level of
the fluid from whicb tbe eryoglobulin orig-
inated (246), The cryoglobulins consisted of
IgG, IgM, various complement components,
denatured probably single stranded DNA and
some fibrinogen antigenic material
(36, 116, 246),

Wiik et al, (225) isolated cryoproteins from
42 RA and 18 osteoarthrosis joint fiuids and
found the former richer in total protein, Ig and
complement eomponents. However, tbis could
be a mere reflection of higber concentrations of
the,se constituents in the parent joint fluids. In
eontrast, IgG and/or IgM GS-ANA were
demonstrated in 62°/, of tbe RA and in none of
the control cryoproteins, and a comparison of
tbe relative amounts of IgG GS-ANA in
paired cryoproteins/synovial fluids indicated
enrichment of rheumatoid cryoproteins with
these particular antibodies, IgG ON-ANA
appeared to be enriched in a similar way
though found less eommonly. Also RF and
immunoconglutinin activity was associated
with RA joint fluid cryoproteins. These data
imply that GS-ANA as well as ON-ANA, RF
"""^ immunoconglutinins participate in cold-
insoluble immune complexes of rheumatoid
joint fiuids,

Tbis notion was further supported by data
from Sephadex G-200 fractionation of RA
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joint fiuids at neutral and acid pH (217), Most and hyperplasia dominated by phagocytic
oftbeRAjoint fluids contained IgG GS-ANA type A and C cells mixed with hyaluronate
whieh always eluted in fractions containing producing type B cells. Granulation tissue in
bigh and intermediate molecular size proteins the form of pannus is typieally found along the
at neutral pH, In contrast, IgG rabbit red cell articular cartilage, and at the boundary of the
antibodies as a rule were present in 7S rich pannus cartilage destruction is seen. The joint
fractions only, pointing towards aggregation of fiuid is hypoviscous containing large numbers
IgG GS-ANA in preference to IgG hetero- of infiammatory cells the majority of which are
philic antibodies, most likely reflecting an neutrophilic granulocytes (for review see
immune complex eonstitution of the aggre- 81,246),
gates. Upon fractionation at pH 4,5 most of Several discoveries in the late fifties and
the IgG ANA activity was displaced to peak II early sixties led to the proposition that
fractions indicating partial and sometimes immunological phenomena were essential for
complete dissociation of the complexes. The tbe pathogenesis of rheumatoid synovitis: (a)
subtotal dissociation under tbese experimental tbe plasma cells of tbe synovium were found to
eonditions compared to sera of the aggregates produce IgG, IgM and RF (102,123); (b)
may denote a higher affinity of the involved IgG, IgM and complement was found in and
antibodies in the joint fluid, Tbis may be a around the vessel walls and in amorphous
pendant to tbe higher affinity of locally deposits in the interstitium (102); (c) tbe
produced RF than of circulating RF shown phagocytic cells of the lining layer and tbe
recently (158), A bigher affinity of IgG synovial fluid were shown to eontain cyto-
GS-ANA than of IgA and IgM molecules plasmic inclusions consisting of IgG, IgM and
simulating GS-ANA activity but probably complement (90, 154); (d) tbe level of
possessing RF specificity was indicated by the haenwlytic complement in RA joint fiuids was
persistence of high molecular size IgG lower than that of non-inflammatory joint
GS-ANA contrasting with the disappearance fluids (87, 142); and (e) lysosomal enzymes
of IgM and IgA molecules of apparent were richly present in RA joint fluids
GS-ANA specificity upon gel filtration at (98, 175),
pH 4,5, Removal of GS-ANA inhibitors at Scientists in tbe field tried to encompass
neutral pH gel filtration was sbown in one tbese data into a bypotbesis on the patho-
case. Low moleeular size IgM ANA were genesis of RA (90, 238, 245), They all held the
present in most RA joint fiuids, joint an ideal site for local antibody production

triggered off by an unknown inciting agent
reacbing the joint. The ensueing association of
this antigen with specific antibody in the

would activate and consume
giving rise to anapbylatoxin and
factor formation from activated

:iplement. Both types of mediators would
The pathology of the rheumatoid synovium is alleviate diapedesis and attraction of neutro-
similar to that of an active lymphoid organ philic granulocytes from the synovial mem-
being built up by a richly vascularized loose brane vessels to the joint fluid where these cells
connective tissue stroma, an abundance of would ingest the eomplement-armed immune
small lymphocytes often organized into complexes. However, in doing so the granulo-
follicle-like structures, surrounded by plasma cytcs would leak out lysosomal enzymes
cells and mononuclear phagocytic cells. The capable of causing tissue damage. The basis for
lining layer is characterized by hypertrophy the perpetuated inflammation could be some
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form of inflammation-induced alteration of self since nevitrophilic granulocytes confronled

production and continued immune complex cells (reviewed in 88), The main eell typt
formati.Mi (90, 212), responsible fbr cartilage destruction, howcver,

,\ large body of evidence in suppon of this seems to be mononuclear phago(ytic cell,
basic concept has emerged from detailed which is likewise iuducible to lysosomal
studies of each step in the vicious cycle of eir/yme relea,se upon contact with inunime
reactions mentioned, and immune complex complexes (rev iewed in 3), A higher affinity of
mediated mechaiii,sms of inflammation are still locally produced than of circulating RF lends
held responsible for the perpetuated synovitis to sc(|uestcr the fbrmer in the joint (131, 158),
leading to erosive changes of cartilage and Similar characteristics may apijly to olher
bone (246),'Fhe main emphasis of the present locally produced anlibodies and thus have
review is i)ut on this basic immunopatho- relevance for the confinemeni of most inllam-

)f pn: the
ince the Sev eial other biological effects hav e been

most solid evidenee has been presented fbr its |)ostulatcd for immune complexes: A blasto-
actual operation in the rheumatoid patient, genie effecl on lymphocytes in the presenee of
Ou the other hand tbere can be little doubt comjilemeul (103), a leucocyte migration
that cell mediated immune reactions have a inhibitor) factor inducing effecl on lympho-
role in rheumatoid synovilis as well (1,7, 11, cytcs (25,66), a macrophage migration in-
43,75,77,103,163,178,200,236,240,247), hibitoiy factor inducing effect (-16), an
However, since no data point to direel T imnumoglobuliu synthesis enhancing effect
lymphocyte mediated ti,ssiie damage occurring when bound to IgM RF wilh complement
in the joinl, the main role of T lymphocytes (235), a K cell inhibitory eflect on antibody
could be the regulalion of B lymjjliocytc dependent cellulai cyloly,sis (80, 159), and a
activity and thus antibody production (247), neutrophil chcmotaxis and phagocytosis in-
I'rom studies of experimentally induced hibitoiy effect (129, 1,59, 197), The actual
anhritides in animals then- is ample evidence biologieal significance of all these potential
thai a cellular immune response towards the mechanisms /// viro is unknown, but il is
immunogen must be evoked if a chronic conceivable that they can account Ibr at least
erosivesyuovitis is lobe maintained (7, 43, 73, ,some of the lymphokine-/nionokine-like ac-
236), A,similar situation may well exist in RA tivily demonsirated in RA joinl fluids

patients often leads to abrogation of disease defrncc against bacterial inleetious t ncoun-
activily even in very severe cases (140, 208, tcrcd in some patienis (78,92,93),
236), Still agammaglobulinaemia iiatient,s A number of autoantibodies have been
contracting chronic anhrilis have a mild described in RA palients. However, to gain

ti,ss,u- damage (76) indicating only a modest RA cither a diixrt cell damaging effecl
role of'F lymphocyte fiiuction in the ahseiue of mediated through complement or K cell
noi-mal B lymijhocyle hmction, activation must bc made probable oi- a set of

S]x-cial attention has recently been called to icciuirements mentioned below pertaining to
the fact that intraarticular immune complexes immune complex mediated inflammation
tend to localize in canilagenoiis tissues such as should be met. Very little is known aboul cell
menisci, ligaments and canilage (32, 33),'I'his suriace directed autoantibodies capable of
lype of sec|iie,stration may have imixH-tancc for inciting type II ti,ssiic injury (68) in RA, a
lhe presumed final pathway of tissue damage possible example at present being IgG
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antibodies to Chang eells mediating K cell 133, 136V Pejwiu and cathepsin D aggluti-

cytotoxicity (137) probably due to antibody nator levels arc abnormally high in RA sera

activity against a cell differentiation anligen and joinl fluids (10, 122, 136\ IgG split

present in the rheumatoid synovium (199), products are demonstrable in RA joint fluids

Regarding autoantibodies to soluble antigens a (58), and agglutiuators have been found in

antigen and antibody would seem to be hsosomes of synovial membrane and fluid

imponant if progressive syuovitis is to be phagocytes (6o(,'Fhe antibodies arc formed by

maintained: (a) 11ie antigen must be const- plasma cells of the synovium (10,60, 132) and

antly available for reaction with antibody in are detectable in syuovium eluates (13n, 'fhe

the joint; (b) the antibody should constantly complement fixing abilities of ]iep,sin aggluti-

gain access to the joint or be fbmicd locally by nators are negligible (122) and they may

the ,synovium; (c) anligen should be com- represent simply an amplified j^hysiological

plexed to the autoantibody or at least be clearance mechanism for ,split iiroducts of IgG

boui, within Ig aggregates; (d) sueh com- (99), Howev er, experimental anhritis has been

antibodies should jKwsess ciualities which set fragments intraanicularly into rabbits

into motion one or more inflammation (59, 155),

provoking scciuences of events such as comple-

ment aclivaliou, and lymphokine/mouokiue Ĉ , Immunoconglutinins are IgCy and IgM anli-

l^roduction, bodies to complement components ]iiobably

With these rc(|iiirements in mind only five produced in response to immune eomplex

autoauligen/antibody syslems warrant interest bound Cl and/or C3 (120, reviewed in 108),

RA joint fluids (165,246), in relation to Ig

A, y?//rtww/«/f/yrtr/0M, autoantibodies to the Fc- aggregalcs (36, 116, 246), in synovial mcm-

IVagment of autoiogous IgG, probably j^ro- brane eluates ^35, 131), in iihagoly,sosomes of

duced in respoiLse to immune complex bound phagocytic cells (24, 104, 203), and in relation

IgG antibodies (44, 72, 89, 90, 99, 238), maybe to Ig aggregates of the synovium (22, 23, 132),

afier attachment to a population of lymĵ iho- Though complement found in relation to Ig

cytic cells (99, IOO), are abundantly present in aggregates is likely to represent immune

immune eomplexes of RA sera, joinl fluids, comjilex bound and aclivated products, the

phagocytic cells of the joint fluid and possibility of complement playing the role of

membrane (89, 99, 203, 239, 246), Both IgG an antigen is also very likely, since immuno-

and RF are produced by the synovium (64, conglutiuin activity is released by enz>matic

123, 131, 132, 174), IgG and IgM RF readily treatment of complexes from synovial mem-

lix complement (20, 189) especially when brane eluates as well as by immune complex

present in aggregates exceeding a certain size dissoeiation of joint fluids (120, 122), Both

(116,190,232),' ' complement components and immuno-

conglutinins arc likely lo be produced by the

B, /,i;(7 fl;/ir/;///>w/o/,s are autoantibodies of IgG RA synovium (132,166), 'Fhe anlibodies

class against break-down products of auto- augment immune complex mediated

logons IgG or determinants of y-chains of inflammation through complement activation

immune eoiujjlex bound IgG (10, ,59, 122, (120),

136), 'Fhey are termed pepsin, cathepsin D

and neutral protease agglutinators according D, Anti-collagen antibodies may be directed to

to their larget cpito])es on y-chains revealed by several ty])e,s of native and denatured collagens

treatment \vith these enzymes (10, 60, 121, (126, 182), They may belong to both the IgG
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and IgM classes (8, 9, 125, 126), High titres of immune eomplexes of rheumatoid sera and
antibodies to denatured type I and II collagen joint fluids (148, 216, 217, 224, 225, 229), Tbe
are found in RA sera (9, 126, 183) and joint pblogistic properties of these complexes are
fluids (8, 37, 179), Antibodies to native type I, likely to depend upon a number of physico-
II and I I I , i,e, to epitopes on the helix ehemical and biological characteristics such as
structure, have also been demonstrated in high the Ig class composition, the molecular size
concentration in RA sera (8, 182), It has been and the complement-activating potential of
postulated that antibodies to type II collagen the complexes (62, 99, 131, 153, 194, 232,
are synthesized by the rheumatoid synovium 246), A number of these characteristics are
(125), while other studies have indicated carried by the individual specific antibodies
presence of collagen/anti-collagen complexes contribudng to tbe complexes,
in RA synovial fluids (124) and in inclusions of Though GS-ANA are just one specificity
joint fluid phagocytic cells (181), The GF out of several speeific andbodies participating
potential of these antibodies is unknown, but in the complexes mentioned there are reasons
repeated intraarticular injections of preformed to believe that they have a special role in the
collagen/anti-collagen complexes into rabbit early phase of RA, Neutrophilic granulocytes
joints result in a prolonged arthritis (180), are the earliest appearing inflammatory cells

arriving in the synovium and maybe the joint

E, Antinuclear antibodies Nuclear antigens are ^"'"^ ^^'' '^^' ^^^^ ' " '*''' ""̂ '•̂  '''"'' P^"°^ °^
abundant in mflammatory joint fluids sucb as '^is disease, GS-ANA are commonly found in
in RA (12, 115, 116, 141, 160) probably ''̂ '̂  '^^^^^ P*̂ ^̂ *̂  ° ' ^^ (^^)' ^"'^ ''"""^ '''"-'
released from many types of cells in the Possibility exists that granulocyte derived

bZ"oIinr.rrertLtto^Tagg"e7ates'in^thc P°"^'"g ^^-ANA constitute an early'Lt"-
rheumatoid synovial membrane and in phago- 'mmune antigen-antibody system causing
lysosomcs of phagocytic lining and joint fluid °"§°^"S inflammation by Us constant form-
cells (23), and ANA have been found ' ' ' ' ° " '" "'^ -1°'"^- ^' ' ' conceivable tbat
concentrated in joint fluid phagocyte lysates 'f "''^ complexes could act as immunogens for
and in synovial membrane eluates (35, 248), A '̂"̂  subsequent production of anti-
local production of ANA has been postulated ^mniunoglobuhns sucb as RF and IgG
from comparative studies of synovial mem- agglutinators, and by fixing and activating

and joint fluids (35) complement they could

from ANA determinations in paired joint fluids ^""g " ' ' " ' " Production, Carefully planned
and ,sera (14, 53, 69, 114, 130), Very little is P'"'''"''^ pathoanatomical, immunohistochemi-
known about tbe complement fixing abilities of ^^1 ^"^ serolog.cal studies of very early cases of
ANA in RA synovial fluids, but immuno- ^ ^ followed sequentially are needed to
fluorescence data (224) indicate modest evaluate this hypothesis,
complement fixability attributable to these ^^^''^ occurrence of higb titres of IgG and
antibodies, though immune complexes involv- ^ g ^ GS-ANA and GS-ANA having a strong
ing nuclear antigens and ANA may fix complement activating capacity in RA
complement readily both in scrum and in joint P^ '̂ients manifesting neutropenia might be
fluid (116,211,246), ' "icre epiphenomena reflecting an enhanced

antibody response to granulocyte nuclear
antigens released from degrading cells as a

Granulocyte-specifie antinuclear antibodies. In result of an inereased turnover, A number of
the preceding sections of this review arguments studies have postulated that the neutropenia of
have been raised for a eoncept which sees Felty's syndrome could be caused by autoanti-
GS-ANA as very common participants in bodies to plasma membrane antigens of
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neutrophilie granulocytes (17, 28, 39, 162), dermoepidermal junction zone of the skin of
However, these studies have not duly RA patients (41, 145, 146),
considered the methodological problems Also in RA joint fluids a relation has been
caused by the occurrence of circulating fbund between high titi-es of IgG GS-ANA
immune complexes capable of interacting non- and low neutrophil counts (224), but it is
specifically with Fc- and C3b-reeeptors on unknown whether this reflects a mere blocking
neutrophils. Preliminary studies from our eflect due to higher levels of free nuclear
laboratory indicate that Fab,,-fragments of antigens in tbe cell-rich fluids or if a

RA are devoid of surface directed anti- prising immune eomplex ingestion and re-
ncutrophilic granulocyte antibodies (150), moval of damaged eells, Tbe latter possibility

Recent studies rather seem to support our is supported by tbe observation of a diminished
initial hypothesis suggesting that a quick half-life of granulocytes in RA joint fluids
removal of granulocytes from the circulating (246),
blood is ijrimarily due to coating of tbe cells by Tbe role of IgD GS-ANA is not known, but
immune complexes or even pbagocytosis of it is well establisbed that IgD antibodies may
such complexes of which GS-ANA are participate in tissue immune complex de-
important constituents (221), Support fbr this position, and the study of Wiik & Permin (229)
concept has come from studies showing further indicates involvement of IgD GS-ANA
seleetive enrichment of granulocyte-reaetive in circulating immune complexes in neutro-
ANA (211) and GS-ANA (148, 216, 229) in penic cases of RA, IgE GS-ANA similarly
circulating immune complexes of Felty seem to be part of the circulating immune
patients, and the concept has been complexes so commonly found in tbis par-
strengtbened by observations indicating ongo- ticular group of RA patients (148), The role of
ing phagocytosis of immune complexes by tbese antibodies may be that of a classical
ne^itrophils in the circulating blood of these type I autoimmune inflammatory reaction
patients (6, 78, 93), Displacement of neutro- adding further phlogistic potential to the
phils from midstream eirctilation by margina- complexes (147, 148),
tion along the endothelium is fully compatible Tbe neutrophilie granulocyte thus seems to
with the hypothesis as is a shortened play a very special role in rheumatoid
granulocyte life span (26, 246), The interac- inflammation. It is the earliest invading
tion of immune complexes with granulocytes inflammatoiy cell in the synovium in the
results in a compromised function of the cells initial phase of the disease (81, 168, 246), and
as evideneed by a diminished ehemotaxis in later phases it is continuously being
(244), pbagocytosis and bacterial killing (78, attracted to the joint space by a number of
197), This functional defect as weU as a chemotactic stimuh (24, 71, 90, 116, 165, 190,
decreased neutrophil production (26, 197) in 232, 239, 246), In the joint space, and possibly

infection (78, 92, 93), amounts of ly,sosomal enzymes capable of
The pathogenetic role of complement-fixing causing tissue degradation (81, 85, 88, 214,

GS-ANA is illustrated by the elose relation 239, 246), and eoneomitantly it releases
disclosed between high titres of these anti- prostaglandins which may induce pain, vas-
bodies in the blood and leakage of GS-ANA cular reactions and arc likely to influence
into the urine in neutropenie RA patients neutrophilic granulocyte function as well as
(223), Through their involvement in circulat- lympbocyte function (74, 201, 241, 244),
ing immune com]3lexes GS-ANA may con- Experimentally, lysates of granulocyte lyso-
tribute to immune complex de]x«ition in renal somes have been shown to produce joint
glomenili of Felty patients (223) and in the inflammation, lining cell hypenrophy, fibro-
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plasia and panntis formation when injected found in adult RA patients (119) pointing

into rabbit joints (213), Neutrophilic granulo- towards genedc factors of importance for the

cytes may function as effector cells in antibody- development of the disease. It is not known if

dependent cellular cytotoxicity if antibody GS-ANA production or neutropenia correlate

coated target cells are present in tbe adjacent with specific HLA phenotypes, and sueh

environment (67), Like many other eells studies are warranted to shed light on genetic

granulocytes produce a connective tissue predispositions and prognosis, Tbe

activating peptide causing increased hy- granulocyte-specific nuclear antigens should

aluronate produetion and energy metabolism, be isolated and analysed to gain knowledge

probably being one of the fiictors linking the about their nattire and po,ssible patho-

actite inflammatory events with those of the biological roles in patients as well as in

ensueing proliferative meehanisms in RA (30, experimental animals where cellular and

81, 85), Finally, as stated in this review, humoral immune responses can be mani-

granulocytes may sequester and disintegrate in pulated separately, Mierobial agents eapable

the rheumatoid joint giving rise to GS-ANA of infeeting neutrophilic granulocytes should

production, immune complex formation and be focused upon with special interest since stich

ongomg inflammation, an approach migbt give clues as to aetiological

possibilities in RA, Cro,ss-reactivity of granu-

locyte nuclear antigens witb constituents of

12 SUGGESTIONS FOR Fi'TURF RFSFAR possible aetiological agcnts might slied light On

GRANUI.OCYTE-SPECIFir NUCI FAR ANTIGENS AND ^ ' ^ ^ ' ' ^ ^ ^ production as has bcCU showU for

ANTiNuciFAR AN-iiBoniEs AN 1 iGENs AND ^,p|,^,^j|^ atitoantibodies in rheumatic fever

(95, 237), Experimental anhrit is induced by

Tbere are imponant issties to sttidy in RA immunization of animals with autoiogous

patients to complete the proposed self- grantilocyte nticlei or by intraarticular injee-

perpetuating inflammatory cycle involving lion of atitologotis netitropbil chemotactic

GS-ANA, As mentioned already studies factors might help eltieidate the role of

should be carried out in early cases of RA to grantilocytes and their nuclear antigens in

monitor preci,sely the sequence of events taking acute and chronic non-infectiotis anhrit is in

place in the ,synovial membrane, fluid and relation to eellular and Immoral immtino-

serum as regards local cellular reeruitmeni, logieal and inflammatoty events in the joints,

loeal production of the variotis atitoantibodies

granulocyte-speeific nuclear antigens in 'I his study was supported by the Danish Medical Research

immune eomplexes in the tissues, phagocytes t'ouncil grants no, 512-1370, 512-1698, 512-1972, 512-

and body fluids, (Quantitative Sttldies of local ^''^'^' 512-3(>48 and 512-10189 and by the Danish

and systemic GS-ANA synthesis and catabo- '"•''"'•'•''""" -^S'"""' Kl̂ -umatism,

lism in RA patients would be of interest
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