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ABSTRACT .. 

Nephelometry. has been used ta study the reaction ôf. rheuma-

toid factor (RF) with IgG. This nephelometric assay, validated by 

comparisons with sta~dard agglutination assays,' showed that RF reacted 

. , 
with human or rabbit but not with chicken aggregated IgG. IgM-globulin 

was responsible for nephelometr1c RF actfvity. Jn over 250 sera, there 

1 

were no differences in reactivity betwèen human and rabbit aggregated 

IgG. IgM-RF, isolated from sera, also reac ted witn human and rabbit 

native Ig~, failing to show species specificity.' A monoclonal: IgM-RF 

showed that this methodology was capable of detecting such specifi-

cities. Further evidence for RF-native IgG reaction was the complete 

'absorption of RF by native IgG and that RF-naÙve IgG complexes fixed 

complement (Clq). These results show that RF do es not exhibit sp~cies 

specificity for human or rabbit IgG; that RF reacts with native IgG, 

as well as with aggregated IgG; and that RF-native IgG complex~s can 

bind Clq. 
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SPECIFICITE D' ESPECES DU 

FACTEUR RHUMATOIDE-IgM HUMAIN 

RESUME 

On a utilisé le néphelomètre pour étudier la réaction du 

facteur rhumatoide (FR) avec des IgG. L'épreuve néphelometrique, vali

dée par des comparaisons avec des épreuves d' agglu.~inations standardisées, 

a démontré que le FR réagit avec des IgG agrégées de: l'homme et du lapin 

mais non avec ceux du poulet. L'immunoglobuline responsable de cette 

activ:l,té du FR est de la classe IgM. Dans plus de 250 serums, on n'a 

noté aucune différence entre la réactivité des IgG agrégées de l'homme 

et ceux du lapin. Le FR, isolé des serums, a réagi aussi airer; des IgG 

natives de l'homme et du lapin, sana montrer de spécifidté quant a l' 

" espèce. Un FR monoclonal a démontré que cet~e méthodologie peut déceler ~ 

de telles ~pécifibités. Le fait que l'absorption des FR par des IgG 

natives soit complète et que les complexes de FR .. IgG natives fixent le 

complément (Clq), témoignent en plus d'une réac ti0I!' entre le FR et les 

IgG natives. Ces résultats démontrent donc que le FR n'est pas spéci

fique de l'espèce, pour l' homme ou pour le lapin, et que le FR réagit 

" avéc les IgG natives, ainsi les IgG agrégées, et enfin, que. les complexes 

FR-IgG natives peuvent fixer le Clq. 
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ABBREV lA r ION SAND TERMINOLOGY 

) 

ABBREV~~TIONS 

,. 

, \ 

Abbreviations commonly used in this thesis in--

Complement Component ~lq 

Complement Component C3 

e:-Amino-n-Caproic Acid 

Fab Fragment of an Immunoglobulin Molecule 

F Fragment of an Immunoglobulin Molecule c 

Cohn Fraction II Gamma Globulin (IgG) 

Glutaraldehyde-Aggregated Rabbit Gamma Globulin 
(IgG) 

Hea t-Aggrega t ed Human Gamma Gl 0 buli n (lgG) 

Heat-Aggregatéd Rabbit Gamma Globulin (lgG) 

Human Gamma flobulin (IgG) 

Immunog lobul in A 

Immunoglobulin G 

Immunoglobulin M 

'Latex Fixation Test 

. 
Nep helometr ie Rheuma toid Facto r Assay 

Net Light Scatter 

Normal Ruman Serum 
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ABBREVIATIONS (cont.) 

NHGG 

NRGG 

PEG -

RA 

RF 

IgA-RF 

IgG-RF 

IgM-RF 

mRF 

mRF . 
t!l!-

mRF 
, og 

pltF 

RGG 

sARGG 

SCAT 

SRBC 

. " 
RF 

Ruman Native Gamma Globulin (IgG) 

Rabbi.t Native Gamma Globulin (IgG) 

Polyethylene Glycol 

Rheumatoid Arthritis 

Rheuma to id Factor (see Termino logy) 

-IgA Class Rheuma to id Factor 

IgG Class Rheumato id Factor 

IgM Class Rheumatoid Factor 

Monoclonal Rheumatoid Factor 

Monoclonal Rheumatoid Factor Isolated from a 
Patient (MO (IgM) 

Monoclonal Rheumatoid Factor Isolated from a 
Patient (QG) (IgM) 

P~lyclonal Rheumatoid Factor 

Rabbit Gamma Globulin (IgG) 

Spontaneously-Aggregated Rabbit Gamma Globulin 
(IgG) 

S he e p C'e Il Ag glu tin a t ion Tes t 

Sheep Red Blood Cells 

TERMINOLOGY 

RF (rheumatoid l factor) is a general term, 
'used here, 'to denote human antibodies with 
antiglobulin activity, reactive with IgG. 

RF Activity RF activity denotes the capacity of RF ta 
reaet with IgG. The use of this term 15 
restrieted ta RF of the IgM class of immuno
globulins, unless specified otherwise. 
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TERMINOLOGY (con t . ) 

NeRF Ac tivi ty 

RF-Se,rum 

1 
) 

.:::, ~'l 

.... 
NeRF ActiVity denotes' RF activi.èy measured 
nephelometrical1~ 

RF-serum, i8 a term designating serum which 
contains RF activity, or tofwhich RF haq 

,been added. 
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CHAPTER l 

INTRODUCTION • 

Rheuma~oid fae~or (RF) is a class of serum pro-

teins, which are ~mong the most common autoantibodies in 

man. RF is usually ~e~ined 

with antigenic determinants 

as an ~ntibody which reacts 
l 

on the F portion of human 
c 

immunoglobulin G. Rheumatoid factors belonging to each 

immuno,lobulin ~lass have been described, and of these 
v 

IgM-RF is the mo~t extensively chara~terized. In addition 

to its reaction with human IgG, RF can reaet with IgG of 

other species, sueh as rabbit IgG. The reaetions of IgM
.I!t 

RF with human and with rabbit IgG appear similar, but di-

reet comparisons ~f these reaetions have been limited 

sinee different m,ethods have been employed to s tudy the 

reaction of RF with each of these antige~s. Most methods 

used to study the reaetion of RF with,IgG have used non-

native IgG (i.e. aggregated, eomplexed or denatured IgG). 

lt 1s' generally assumed that RF preferentially reaets with 
c 

sueh antigens rather than with native IgG. This has been 

due in part to the paueity of methods which ean direetly 

demonstrate the reaetion of RF with native IgG. 

/ 
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The avaiIability ot nephelometry to quantitate 

antigen-antibody reactions in fluid-phase, avoiding possi-

ble antigen denaturation, has provlded a new method to 

analyze the RF-IgG reaction. ,As a result, the reaction 

of human RF wlth IgG has b~en examined in detaii in a ne. 

nephelometric rheumato14 factor assay (NeRF). This has 

necessitated: " 
, 

1. The development oi new methods for the aggre-

gation of IgG, providing aggregated IgG use~ 

able in the nephelo~eter; 

2. Establishing the .v.alidity of this nephelo-

. 3. 

metric rheumatoid factor aasay by standardi-

zing assay conditions and by comparis~ns with 
1 

accepted RF assays (i.e. the sheep celi agglu-

tination test and the latex fixation test); 

Identifying the immunoglob~lin clas~ responsi-

ble for the NeRF reaction; 

4. Assaying a wide sample of sera containing RF 

to determine their rea~tivity with ~uman, with 

rabblt, and with chicken aggregated IgG anti-

,gens; 

-5. Analyzing the effects of reacting native IgG 

with rheumatoid factors isolated from sera, di-

rectly by reacting native IgG with RF and in-

directIy by absorbing activity with native IgG; 

, , 
~ Lo ............ 'A(".4.l"~"'';'~1''''V",,"~~ "'J4-~.n ..... ~w.~~r.t...:~~_-*'~~.~W'..oo;...I;.I'~~~~~' 3.~lXL'=::t.",,-
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Analyzing the kinetics 

'Y. 
\ 

of\the 
• 

3. 

~eaction ot RF 

wit~ aggregated and w1th Jatlve IgG from hb- ~ 
--------.,-,/ 

mans and f~bbits ~y measuring the rates 
, 

of the RF-IgG reactionj and 

Demonstrating biologieal activity in RF-IgG 
- 1 

complexes by 1nvestigat1ng the r~act1on of Clq 
. 

w1th th~se eomplex~s. 

, " 
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CHAPTER II 

, ' , 
HISTORICAL REVIEW 

1 SEROLOGICAL MANIFESTATIONS OF-RHEUMATOID FAtTOR 

t HISTORICAL 

" 

In 1912, Dean described a thermostable substa"nce 

present in the globulin fraction of normal guinea-pig serum 

which caused the agglutination of sheep erythrocytes sensi-

t i z e d w i th a su b - a g glu tin a tin g c 0 n'c e n t rat ion 0 f rab bit an t i --

SRBC antisera (oDean, 1912). Meye,r, during rbutine testing 

of~ over 100,000 sera ,for- the Wasserman reaction, noted 10 

sera which contained a factor which augmented, the agg1uti-

nation of the sensitized sheep red b100d cells used-f in the 

test (Meyer, 1922). This' substance has been regarded as 

what we would now designate"rheumatoid factor or RF (Bart,-

-
feld, 1969a) • 

....-. 
1. l AGGLUTINATION REACTIONS WI TH RABB IT GAMMA GLOBUL IR 

Waaler, in 1940, found a serum from a patient with 

rheumatoid arthritis which was caj3ab1e of inhibiting the 

hemolysis of sheep erythrocytesa in a complement fixation 

, r 
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test and furthermore caused agglutination of the same c~lls 
. 

sensitized"with rabbit hemolysin (Waaler, 1940). This sub-

stance was termed 'agglutination activating factor"' and was 
'-

reported to be present to a significant degree in 27 of 
, 

rheumatoid arthritis patients whereas only 10 of 202 control 

sera (n;n'~RA) expressed this agglutinating activity. The 

factor was thermostable (56°C. for 30 minutes), was globulin 

} 

in nature and couJ:d nat be adsorped from the serum with un-

senSitized(sheep cells. This phenomenon of agglutination 

( 

enhancement was rediscovered hy Rose and co-workers in 1-948 

who noted tha t the factor was found almost: exclusively in 

the sera of patients with active rheumatoid arthritis (Rose 

et al., 1948). Subs.e"quent1y, the Waaler-Rose test in vari-
, "r 

ous modifications including the widely used sheep cell agg1u-

tination test or SCAT (BalI, 1950) were used routinely for 

the detection of agglutinating factor in sera. 

1. 2 AGGLUTINATION REACfIONS WITH HUMAN GAMMA GLOBULIN 

In addition to the use of sheep cells sensitized 

witb rabbi<t anti-S~RBC antibady, ather, systems emplaying 

human gamma g10 bulin (Cohn fraction II) a's r eac tan t wer e 

devised. The first of these tests to employ human IgG was 

the FIl tanned sheep cell agglutination test (HelIer. et 

al.. 1954). In this method, sheep cel1s previously treated 
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with tannie acid were eoated with Cohn fraction II and 

the cells were agg1utinated by RA sera. The authors 

devised this test after observing the inhibition of sheep 

cell agglutinating activity by the addition of human gamma 
'. 

g10buliri) Waller and Vaughn used human Rh posit:i:ve red 
j 

b1oQ-Q-'cells sensitized with human anti-Rh serum as marke1:s 
" " 

.for the agglutination factor (Waller and Vaughn;-'l,.?56). 
\ 

Latex-polystyrene particles coated with human gamma globulin 

were agglutinated in the now widely used latex fixation test 

", of Singer and Plotz (Singer and Plotz, 1956; Plotz and 

Singer, 1956). Ben ton i tes i 1 i c a tep art {pc 1 e s ~ e r v e d as in e r t 

carriers of human gamma globulin in the bentonite floccula-

tiol'. test (Bozicevich et al •• 1958). 

The ter m ' rh e u mat 0 i d fa c t 0 r', wa s f i r s tus e d t 0 d e -

.scribe the circulating factor responsible for the aggluti-

nation reactions obtained in the sensitized or coated cell 

tests by Epstein and associates' (Epstein et al., 1956). The 

authors devised a ce1l or particle [ree system in which Cohn 

fraction II was added directly to a heat-decomplemented serum 

sample and the precipitation reaction quantitated, visually 
• 1 

after 4~hours of incubation. The rheumatoid factor activ-
, , 

ity responsible for tfte observed precipitation reaction was 

localized in the ,euglabulin fraction of the serum. 

Using theSe agglutination tests, researchers in-

Q vestigated ather diseases in which rheumatold factor was 

.. d ... 't ....... ,;;_, ~~!",,,,, '''' ~ - +.;;, L_. h ~~ .. S;~~·~~,~o4<..,.I ........ ~.l''''' ~'1}..~.J,~ ~~,~ .... , ••• i'{;," .... , ~ 1~~ .... ~~;:""-_ - ... ~, JO, t ....... ""~ ~..;;;- .. ~ ... *",~'~,'t(.. \'~.P>Wt..!~~"""""'1'_,Ji.i~;~,;.;i~;J'J/ *~" .. , ~_ '1 ~ 
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'produced, the nature of the factor 
( 

itself and the nature of 

the "reactant" in the observed agglutinatiun reactions. 

~II 

2 RHEUMATOID FACTOR IN HUMAN DISEASE 

,L , \ 

Wi th the development of }more sensitive and re-, 

pro duc i b 1 e a g g 1 u tin a t ion as s a y sin the e a r 1 y 1 9 6 0 ' s • a t,r' , , 

tention was focused on the distribution of RF activity with 

regard to disease states. Rheumatoid factor activity had 

been primarily associated with rheumatoid arthritis since 

the pioneer work of Waller and of Rose and associates in the 
, ,. 

1 9 4 0 ' s . L 0 'toi 1 ev e 1 s 0 f RFa c t i vit Y 'toi e r e non e - the - 1 e s s fou n d. 

in normal individua1s (Aho, 1961; Wa,11er et al., 1964), in 

older persans (De Blécourt et aL, 1965) and even in psychi-

atric populations (Oreskes et al, 1968), 
, 

High levels of rheumatoid factor activity are not 

confined to rheumatoid arthritis but "have aI 50 been demon-

strated in"other chronic conditions such as: subacute bac-

terial endocarditis (Williams and Kunkel, 1962); syphilis 

(Peltier and Christian, 1959); infectious mononucleosus 

(Bradford, 1965); leprosy (Cathcart et al., 1961); liver 

diseases (Bonomo et al., 1963); lung diseases (Bonomo et 

'. aL, 1966); sarcoidosis (Kunkel et al., 1958) and in other 

condi t ions t 00 numerous t 0 men t iO,n (r eviewed by Bartf e Id, 

Q 
196%; Waller, 1969). 

1 
l, 

ft 
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( 
l t i sap par. en t f rom t h i s ev ide ne eth a t r heu m a t' 0 id 

factor aetivity is not eonfined to the serum of rheumatoid 

arthritis patients, however, interpretation of these obseI'-

vations has beeri made difficult by the variety of assay 

systems employed and by the conflicting results, t,hereby ob-

tained. Although low RF activity is not disease specifie 

and can be seen during an acute immune response to a number 

of infectious agents and with advanced age, there 15 litt-l-e=~cd' 

doubt that the highest titers of RF activity are associated 

with the disease rheumatiod arthritis (Finley et al., 1979). 

3 RHEUMATOID FACTOR IN RHEUMATO ID AR THRIT l S 

3.1 RHEUMATO ID ARTHRITIS. 

3.1.1 ETIOLOGY 

Rheumatoid arthritis (RA) is a systemic 'disease 

which i s char ac ter iz ed by arti cu laI' i Ilf lamma t ion and d e-

struction with aceompanying muscular pain and stiffness. 

The precis"e etiology of RA i9 unknown" however, there is 

evidenc e whie h would sugg es t tha t env i ronmen tal f ac tor s, 

such as bacteria, mycoplasmas and viruses ,(Person and ShaI'p, 

1976)" as weIl as a genetie predlspositipn (St'a9tny, 1978) 

may pla.y a role in t,he initiation of this disease. 

~I ' , 
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3.1.2 IMMUNE ABBERATIONS 

. 
Evidencé for altered immune functions include hy-

pergammaglobulinemia, decreased in vivo and in vitro T-

lymphocyte reactivity and possibly a functional defect in 

the T-cell population (Waxman et al., 1973). Lymphocytes 

from patients with RA stimulated and responded to other 

rheumatoid lymphocytes in a mixed lymphocyte culture re-

action less weIl than lymphocytes from normal subjects 

(Astorga and Williams, 1969). McDuffie and, Bunch (1977b) 

pointed out that this observation might have been due to 

the sharing,l of the HLA-DR4 alloantigens by RA patients as 

first described by Stastny (1976). Stastny (197B) found 

that the B-cell alloan_tigen HLA-DRw4 occurred in 70% of RA 

patients while a normal control gro~p showed only a 28% 

incidence of this genetic marker. 

3.2 RHEUMATOID FACTOR IN RHEUMATOID ARTHRITI S 

The. m 0 ste h a r a ete ris tic f e a tu r e for RA i s the pro-

duction of autoantibodies to IgG. These antiglobulins are 

~ ~ 
collectively called rheumatoid factors, are found in aIl 

classes of immunoglobulins and will be discussed in detail 

in subsequent sections. 

. / 
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3.2.1 CIRCULATING IMMUNE COMPLEXES 

Franklin and co-wor.kers (1957) first described ev-

idence for a circulating 22S comp1ex composed of IgM rheuma--

toid factor and IgG from fractionation studies of RA sera 

by ultracentrifugation. In addition, numerous 'researchers 

have since demonstrated the presence of immune complexes in 

RA se~ (Kunke1 et al., 1961; Kunkel, 1963; Heimer and 

Levin, 1966; Winchester et al., 1970; Luthra et al., 1975; , 

Zub1er et al., 1976; Gabriel and Agnello, 1977). Further-

more, it has been shawn that these complexes ar"é capable of, 

binding Clq (Winchester e~ al., 1971; Zubler et al., 1976; 

Gabriel and Agne1lo, 1977) and C3 as evidenced by binding 

in the Raj i cel1 test (Lambert et al., 1978). 

In addition ta these large 22S complexes, smaI1er, 

10-17S, 'itltermediate complexes' as first described by 

Chodirker and Tomasi (1963) have been found ta be made lip of 

, two mo1ecules of 'se1f-associating 1 Ig.G c1ass RF (Pope et 

al., 1974; Hay et a1., 1976; Pope and McDuffy, 1979). These 

intermediate complexes have been- found to be capable of bind-

ing IgM-RF (Winchester et al., 1971; Luthra et: a1., 1975; 

Gabriel and 4gnel10, 1977). 
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,~.2. 2 PATHOPHYSIOL'OGICAL CORRELATIONS 

3.2. 2.1 CL I.NICAL S IGN l FICANCE OF RHEUMATOID FACTOR 

The clinical significap.ce of RF in the context of 

RA is indicated by the correlation of positive serologieal 

tests with more severe articular and systemic disease 
" 
(Epstein and Engelman, 1959; Cats and Hazevoet, 1970; Cats 

and Klein, 1970) and by the poorer long-t:erm prognosis in 

seropositive patients in terms of disease activity and 

functiona1 capacity (Duthie, et al., 1964). These cor-re1a-
,< 

tions seem te apply ta mainly the IgM-RF levels which are 

• preferentially detected by the standard clinical test pro-
f 

cedures, the sheep cell agglutination test and the latex 

fixation test. With the development of assays which allowed 

for the detection of IgG- and IgA- rheumateid factor, ele-

vated levels of these rheumatoid factors ~ as weIl as IgM-RF 

levels, were found to be associated with more s~vere disease 

in adult and Juvenile patients with RA (Bianco et al.. 19]1; 

Panush et al., 1971). 
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3.2.2. 2 SYNTHE SIS OF RHEUMATO In FACTOR 

Local synthisis of RF by synovial tissue has been 

s h 0 wn (S m i 1 e y et al., 1 9 6 8) a n cl the j 0 in t i s th 0 u g h t t 0 b e 

the major site of RF synthesis with most if not aIl the 

increased RF in serum being attributable to spillover (Hay 

et al., 1979). RF has also been shown to be synthesized by 

nOrm\l B,~cells following stimulation with a polyclonal B-Cell 

mito'gen, pokeweed mitogen (IÇoopman and Schroenloher, 1980; 

Karsh~ 1980). ;hese data would suggest that B-Cel1s capable 

of synthesizing RF commonly,occur in normal ind~viduals but 

• are, no t. 0 r d in a r il y a c t i vat e d . 

3.2.2.3 CQMPLEMENT ACTIVATION BY RHEUMATOID FACTOR 

IgM-RF bound to aggregated IgG can activate com-

plement via the c1assical pathway (Tanimoto et al., 1975) 

and IgG-RF, under some conditions (Bianco et al.. 1974), May 

also be càpable of complement activation. Noe aIl the com-

pl,ement: binding sites on aggregated IgG are blocked by RF, 

however, Most of the complement fixing activity of the ag-

gregf1te was mediated by RF rather than by IgG (Tesar and 

Schmid, 1970; Natvig et al., 1972). Local consump tion of 

complement in the joint space of patients with RA has also 

been observed (Ruddy and Austen, 1970). There i8 also 
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s~gnifitant correlation betweert serum levels of RF and 

'-
consumption of C4 impl'ying that RA i5 a systemic disease 

in which immune complexes containing RF play a signifi-
. ,/7' 

cant raIe in the pathogenesis of the disease (Kaplan et al .. , 

1980) . 

3.2.2.4 ROLE OF RHEUMATOID FACTOR IN 1'H~PATHOGENIS~S 

OF RHEUMATOID ARTHRITIS 

The' ability of RF ta form,complexes with IgG, fix 

complem'ent and promote phagocyto'élis of ,IgG aggregates (Hurd 

et al., 1970) points to involvement of RF in the inflamma-

tory process associated with RA. It has been postulated 

that the, biological basis for this inflammatory response 

in the rheumatoid joint is activation and re1ease of lys-

'oBomal enzymes from phagocytic ~el1s after ingestion of RF 

complexes and complement (Holla·~der et al., 1965). Al-

thou'gh rheumatoid factors are often thought to be deleter-

ious, they may, however, have a pOSitive or beneficial af-

fect upon the hast, by accelerating elimination of imm\lne 

compl'exes through phagocytosis (Ilter and Turner, 1973; 

Ziola et al., 1978) or through other ,mechanisms such as 

viral neutralization (Stage and Mannik, 1972). 

While it 19 true that high titers of RF are gener-

ally associated with the disease rheumatoid arthritis, 
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seropos1tivity per se does not détermine the severity of 

th i s dis e a sei n vie W 0 f the 0 ecu r r en c e 0 f h i g h t 1 t e r-s i n a 

'- numberr of other, unrelated chronic illnesses (Bartfeld, 

1969b) . It has been conc1uded that the pathogenic mechanism 

in RA cannot be attributed sole1y to the presence of RF. 

Furthèrmore, fac.tors , such as the synthesis, alteration in 

the quantity and avidity or specificity of the RF produ~ed 

May a1so be of critica1 importapce (Hay et al., 1976). 

However, in ,v1ew of the physicochemical properties associated 

with RF, there 1s litt1e doubt that RF contributes signifi-

cantly ta the pathogenesis. of rheumatoid arthritis (Kaplan 

et al.; 1980; Koopman and Schroen1oher, 19,50). 

4 PHYSICOCHEMICAL CHARACTERISTICS OF RHEUMATOID FACTOR 

4.1 ANTIBODY NATURE OF RHEUMATOID FACTOR 

Unti1 1957, RF had been described as a number of 

things, including an accessory agglutinating factor, a con-

glutinin, a fraction of complement (Bartfe1d, 1969a) and 

something between a component of the complement system and 

an antibody in its own right (Epstein, 196~)). The notion 

tha t RF was ind ee,d an anti body was sugg es t ed by ana1yt ie al 

ultracentrifugation studies of sera by Franklin and co-

( 
workers (Franklin 'et al., 1957). T,he authors demonstrated 
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the presence of a circulating 225 comp1ex ,in the sera of 

... ·.-:-some rheumatoid arthritis patients. Upon disassociation 

of this material with urea, 195 and 78 fractions were re:-r 

\ 

covered. The 1 9 S f r a ç t ion w'a s fou n d t 0 ber e a c ti v e in the 

Cohn fraétion II precipitation methott of Epstein (Epstein 

et al., 1956) and was apparently gamma globulin in natu're 

~y e1ectrophoretic studies. Christian furthered these 

studies by demonstrating an equilibrium reaction se en in 

the classical antigen-antibody systems (Christian, 1959). 

The author added heat-aggregated human IgG to the iso1ated 

22S complexes and found that after precipitation occurred, 

75 gamma globulin was recov:,ered in the supernatant. This 

f obse rvation was sugges t ive 0 f ah eq uili b r ium r eac t ion wher e-

-, \ 

by the addition of excess antigen resulted in the re1ease 

of soluble IgG after centrifugation to remove the precipi-_ 

tabl e rheuma toid f ac tor - IgG complexes. 

Fractionation of a RF containing serum by diethyl-· 

aminoethy1cellulose (DEAE-cel1ulose) chromatography resu1ted, 

in two fractiQns, one of which contained rheumatoid factor 

\ 
activity (Epstein and Tan, 1962). The material which was 

( 

retained in the anion-exchange co1umn was found to be iden- \ 
c 

tical with euglobulin protein, had al sedimentation coeffi-

cient of 195 and was termed a gamma macroglobulin. 

" 
Th,is 

identification was based on earlier fractionation studies 

by the same authors of normal serum (Epstein and Tan. 1961). 

1 



( 

, , 

~' t) 

16. 

In addition to the identification of RF as an antil:>0dy, the 

authors suggested th~ fol1owing"definition for RF', "The abil-

ity of a class of y-macrog1obulins to combine with 7S 

globulin defines these proteins as RF", 

4. 2 IMMUNOGLOBUL~IN CLAS SES OF RHEUMATOID FACTOR 

Unti1 1963, RF was thought to be main1y a ,macro
P' 

globulin · .. dth a sedimentation coefficient of 195 and precipi-

ta ting as a eug10 bu lin, In todays terminology thils would be 

a reasonab1e definition of an IgM class rheumatoid factor or 

IgM-RF. The presence of 10-17S, intermediate complexes, in 

the sera of patients with rheumatoid arthritis was found to 

contain RF activity (Chodirker and Tomasi, 1963), a1though 

they were unab1e ta demonstrate RF activity in the 75 gamma 
'\ ' .. 

globu1in iso1ated from these complexes. Heimer and Nosenzo 
" ' .. , , " 

in 1965 found a number of serum from pat,ients with RF whose 

pseudog1obu1in fractions were able ta agglutinate 1at;ex part-

i c les c oa ted with human gamma globul in (He imer a nd N6~s enzo, 

'1965). The maj ori t y of t his fraction was f ound t 0 be made 

up of 195 IgM-RF, however, some of. the'pseudog1obulin frac- ''1 

tions were found to be insensitive ta 2-mercaptoethanol 

t r eatment and by el ec trop hores 1s app eared ta be IgG. Further 

ev idenc e for a 7 S IgG-RF was fou nd du ring t he ana lysi s 015 

intermediate complexes by Schrohenloher (Schroenloher .... 1966). 

, , 

\ 
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The deve10pment 0 f sp e c if ic antig 10 bulin serum 

"allowed Torrigiani and Roitt in 1967 tO,demonstrate .con-

clusively RF in the IgM, IgG and IgA classes of ,immuno-

globu1:in directed against rabbit IgG (Torrigiani and Roitt,' 
\ . 

1967) . IgM and IgG rheumatoid factors were·found in 100 
r_, 0 

per cent and IgA rheumatoid factor in 50 per cent of sero-

po si ti veRA s e rab y th 1 s met h 0 d bas e don' qua n t it a t ion b y 

radial immunodiffusion. Numerous assays were developed 

anda the 1evels of IgM-, IgG- and IgA-'-RF were measu-red in 

both seropositive and seronegative RA, normal and nonrheu-

matie dise'ase sera (Torrigiani et al., 1970; Panush et aL, 

1971; Abraham et al., 1972; Schur et aL, 1975). The l gM 

and IgG factors are the most common but the standard sero-

_ logica1 tests detect mainly IgM type RF which ls a more 

\ 

'\. 

'effic'ient' agg1utinator than IgG with the sam'e specificity 

(Klein et al.. 1966; Torrigian! and RoÙt, 1967; Cats and 

Klein, 1970; Estes ~t al., 1973; Stage and Mannik, 1973; 

Car,son et al., 1977) • 'efficie'nt' IgM was s hown t 0 be a more 
" 

binder of an anctigen witho multiple a~tigèn~c si'tes, such 

as aggregated IgG or IgG bound to cells, thap IgG due to the 

inf 1uene e of t he po lyvalency of the pent"amer ie IgM molec u1e . 

(Crothers and Metzger, 1972; Hornièt: and Karush, 1972). 

" Following the fir s t so 1 id ev idence for IgG-RF in 

~ 

1967, a plethora' of assays were deve10ped to measure minute 

:,quantities of this class of RF (Est~s et al., 1973;' Abruzzo 

:" 

'J 

< Jt 
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.. ' 
and HeimB~, 1974; Lyet and Normanse11, 1974; ~or~~rg, 1976; 

Pope and McDuffie, 1979). IgG-RF has been demonstrated in 

, 
aIl normal sera to sorne degree as weIl as in most disease 

states. However, there are serious questions Jas to the 
-~ 

clinical value (McDuffie and Bunch, 1977a) and validity 

(Lea and Ward, 1972) of these assays. In addition, there 
'\. 

is the possibility of ~~dse positives due to the nature of .. 
o the as s a y (S ta g e a n cl Ma n n i k, 19 7 3 ), a n cl t 0 

, . 
the interference' 

~ 

in the quantitation of the IgA- and IgG-RF classes by IgM-

RF (Hay et al., 1976; Carson et aL, 1977; Sing'h and Franc~s, 

1'978) . 

1 

4.3 IgM-RHEUMATOID FACTOR 

Classical IgM rhe;}matoid factor _does'not seem to 

differ ,in structure from other 19S IgM molecu1es and has 

a molect!lar weight of 900,000 daltons. IgM-RF is a pentamer 

consisting of 5 Qsubunits each with a molecular weight of 

180,000 daltons (Miller and. Metzger, 1965) which are linked 

in::o a stable cir~ular ~rrang,emE;nt by the e J chain (Mestecky 

et al., 1971). Each of the IgM monomeric subunits consists 

of two light and two h-eavy chains (Miller and Metzger, 1966) 
Q 

and the light ctiins are predominan
o
t1y, of the kappa subclass, 

90% as compar~ to approxim'ately 60-70% kappa light chains 
, 

ip pooled normal hu~an IgM (Carson and Lawrence, 1978). 

" 
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4.4 VALENCY OF IgM-RHEUMA~OID FACTOR 

With a purified preparation of IgM-RF which reacted 

with bath rabbit and hum an IgG, it was ~hown that each of 

the subunits o~ the RF was able to bind either rabbit or hu-

man IgG and that there were no subunits which failed ta re-

actO with either antigen (Chavin and Franklitl., 1969). As 

each subunit of IgM-RF contains two potential binding sites 

for human IgG (Miller and Metzger, 1966; Stone and Metzger, 

1968), it would be expected that the valency of the penta-

meric malecule would be "10. lt was shawn that each of the 

Fab fragments was ab18 to combine with IgG (Stone ~nd Metz-'. 
ger» 1968), however, the same authors noted that the mono-

merie subunit of the IgM-RF was univalent and not bivalant 

for IgG as expeeted. Simi1arl"the valency of IgM-RF was 

determined to be 5 by ultracentrifugation studies (Chavin" 

and Franklin, 1969) and by binding experiments with mono-

meric IgM-RF subunits (Normanse11, 1970). The noiion that 

,one of the, two binding sites on the monameri'c subunit 'may 

be b10cked by steric hindrance fo11owing the binding of an 

IgG moleeu1e was strenghthened by the work of Edberg and cO- u 

.workers on the valency of Rabbit IgM anti-dextran antibody 

as a function of the size of the dextran molecule (Edberg 

et'al., '1972). The ~uthors calculated that the va1ency of 

IgM was 5 for dextran molec'u1es of molecular weight,s'"'"of 

~--_. 

{ 
d 

o '. 

.' 
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7,100 to 237,000 daltons. IgG with a molecular weight of , 

approximately 160,000 daltons wouid be expected to give an 
~ 

.apparent vplency for IgM-RF of 5 based on these results. 

4.5 BINDING CONSTANTS, 

The association constants for the bindin~ of I~M-

rheumatoid factor and IgG have been determined by numerous 

researchers. The values obtained for both polyclonal (p-
, 

, IgM-RF) and monoclonal (m-IgM-Rf) rheumatoid factors with 

a variety of gamma globulin antigens are summarized in Ta-

(" 

bie 2.1. Although the exact figures given for the binding 

constants for the reaction between IgM rheumatoid factor 

and IgG are not aIL the same, the range of 10 4 

quite.low when compared ta the affinities, 10 6 

105 l/M is 

10 8 l/M, 

of corres p 6nding anti-IgG antibodies produced by hyperimmu-

nizing animaIs (Steward et al., ,1973; Wager and Teppo, 1978) 

and in other weIL defined IgM anti-haptensystems (Williams, 

1979). The binding constan~s for the reaction between IgG-

RF and IgG were aiso-found to be of the same magnitude as 

those obtained for the IgM rheumatoid factors (Lyet and 

Normanse1l, 1974). The low association constants would 

account for the ready dissociation of RF-IgG complexes in 

acid buffers, pH 3.5 - 4.0 (Allen and Kunkel, 1966; Norman-

seli and Stanworth, 1966; Hay et al., 1976). Lowaffinity-

/ 
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, 
auto-reactive antibodies are common1y found in autoimmune 

diseases (Eisenberg, 1976; Winfield et al., 1977; Wager and, 

Teppo, 1978). It has been estab1ished that 10w affinity 

TABLE 2.1 

BINDING CONSTANTS FOR THE REACTIONS OF POLYCLONAL AND MONOCLONAL 

IgM-RF WITH VARIOUS GAMMA GLOBULIN ANTIGEN PREPARATIONS 

RF Tested Antigen* Binding Constant Reference 
Cl:i.ters/Mo1e) 

p-IgM-RF 7S RGG 3-5 X 105 Normanse11, 1970 

105 
1 

" " 4 X Normanse11, 1971 

" 110 1-3 X 105 Normanse11 and Young, 1975 

" " 1 X 104 Dissanayake et al. , , 1977 
Il " 1-5 X 105 Wager and Teppo, 1978 

105 
, 

li hAHGG 3-5 X Norm'i'-nse11 , 1970 

" " 5 X 105 Normlnsell, 1971 

" " 0.9 X 105 Dissanayake et al., 1977 

" 
:' 

4-7 104 Steward et al., 1973 F -RGG X c 

" " 2 X 105 Lyet and Normansell, 1974 

" .11 6 X 103 Dissanayake et al., 1977 '" 
, 

105 . 
" ,7S RGG 8 X Normanse11, 1971 
Il Il 1-9 X 104 Dissanayake et al., 1977 

m-IgM-RF 7S HGG 5 X 104 Stone, 1973 

" Il 1-9 X 103 Wager and Teppo 

* Abbreviations used for the antigens are: 7S HGG - native human IgGj 
bARGG - heat-aggrega'ted human IgG; Fc-HGG - Fc fragment of human IgG; 
75 RGG - native rabbit IgG 

" 

"' 

'" 
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antibbdy achieves 1ittle or no immune elimination of -antigen 
;#11 

and therefore there is also 1ittle e1imination of antibody 

(Steward et al., 1973). High affinity antibodies would be 

expected to be rapidly c1eared from the circulation after 

combination with antigen and the presence of high titers of 

circu1ating rheumatoid factors may be indicative of a 10w 

affinity antibody (Wager and Teppo, 1978). 

Another property of sorne IgM-RF and IgG eornplexes 

in rheumatoid arthritis sera is inso1ubility at ternperatures 
, 

less than 37 o C. which lS also terrned cryoprecipitation (Hei-

mer et al., 1962; MacKenzie et al., .1.968; Johnston and Abra-

harn, 1979; Johnston et al., 1979). The molecular basis 
t:.,J 

for the cryoprecipitation of these complexes is unknown. 

5 SPECIFICITY OF RHEUMATOID FACTOR 

The discussion on the specificity of rheumatoid 

factors will be divided into three sections based on the 

heterogeneity that th~se antibodies exhibit, conformational 

specificity, structural specificity and finally species 

specificity. 

5.1 CONFORMATIONAL SPECIFICITY 

! 

The specificity of RF in ~he c1assical sheep cell 

) 

,1 (' 
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agglutination and the latex fid~tion tests is directed 

towards the Fe portion of the IgG molecule which has be-

come denatured by the pracess of coating the latex part-

ieles or by eombination with antigen, SRBC, in the SCAT 
, 

assay. Heller and coworkers demonstrated that Cohn frae-

tian II could inhibit the agglutinating activity of serum 

(HelIer et al., 1954) and subsequently it was shawn (Ep-

stein et al., 1956) that RF could precipitate with Cohn 

fraction II. This would seem ta indicate that native 75 
"

IgG was able to reaet with RF as weIl as denatured IgG but 

it was shawn that aggregated IgG was needed ta give a pre-. 

cipitin reaetion with RF (Christian, 1958) and this author 

also showed that the procedures u~ed by HelIer and Epst~i6' 

resulted in aggregation of the 75 IgG. Christian demon-

strated that heat .... aggregation of 'IgG (63 0 C. for 10 minutes) 

prqduced a conformational form of IgG which was highly re-

active with RF in a precipitin reaction and a1so was a 

powerful inhibitor of the FIl tanned sheep cell agglutination 

test (Heller et al.. 1954). RF was described as an auto-

antibody against altered gamma globulin which shows cross 

reactivity with native gamma globulln (Aho and Simon, 1963). 

The ideoa that RF reaeted 'with native IgG had been suggersted 

by the inhibition studies of Grubb (1956) and also by the 

experiments describing the 22S complex formed by the inter-

action of 19S IgM-~F and autologous IgG (Franklin et al., 
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1957; Christian, 1959). Aho and Simon (1963) showed that 

the interactiun between native 78 IgG and RF was much 

weaker than the reaction of RF with aggregatad or de-

natured IgG. Haemagg1utination titers obtained with RF sera 

showed that RF gave higher titers with aggregated rather 

than unaggregated human IgG coated cells eventhough rabbit 

anti-human IgG antibody reacted simi1ar1y with both types 

(Butler and Vaughn, 1964). These observations spawned 

numerous experiments to estab1ish the conformational form 

of the ~ntr8en, IgG, whieh reaeted with Ar. 

5.1.1 REACTION WlTH DENATURED OR AGGREGATED IgG 

Ultracentrifugation and optieal r~tation studies 

revealed that the degree of reactivity of IgG with RF de-

pended upon the extent of denaturation irrespe0tive of the 

type of denaturing agent (heat, alkali or detergent) employ-

ed (Hanney and Stanworth, 1965). lt was established that 

these denaturation procedures 1ed to the rupture of the di-

sulphide bonds in the Fc region of the IgG molecule and 

that the interaction of these ruptured bond's exposed new 

antigenic determinants which were recognized by RF (Henney 

and Ishizaka, 1968). This change in the Fe portion of the 

IgG molecule 

with antigen 

was also thought to accur when IgG eombined 

in an imml-lne camplex (Gell and "Kel~, 196·7). 
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Gell and Kelus defined RF as an IgM anibody indueed by 

"damaged" IgG. This damage was eaused by the binding of 

IgG with antigen and it was postulated that heat-aggrega-

tian and other forms of denaturation simulated eomplex 

formation (Christain, 1958; Henney and Stanworth, 1965; Gell 

and Ke1us, 1967: Henney,1969). It was a1so shown by gel 

fractionation of heat~aggregated IgG that the aggregate 

population was reactive with RF in a quantitative precipitin 

reaction and that native, 7S, IgG separated from the aggre-

gates was essential1y non-reactive in this system (Henney, 

1969). Henney demonstrated that h)ating caused a ,cha,nge in 

the rotary dispersion constant of gamma globulin and that 

this change was related to the ab~lity of these aggregated 

preparations to reaet with RF. 

5.1.2. REACTION WrTa NATIVE IgG 

A1though it may be aecepted that Sorne rheumatoid , 
factors react on1y with antigenic determinants present on 

conformationally altered IgG, there is a1so overwhelming 
,'~ 1 1 
.01'. 

e:vidence which suggests that RF a1so reaets, with native 19G. 

Early evidence was, as ,deseribed previously, confined to the 

existence of 22S complexes' in RA serum (Franklin et al., 1957; 

Christain, 1959) and to inhibition studies (Grubb, 1956). A 

tpermostable inhi~itor of the FIl tanned sheep cell agglut1-

\ 
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nation test was de~cribed by Oreskes and P10tz (1965). 
\, , 

This inhibitor was found to be present in the fraction of 

RA serum corresponding to 75 IgG. Allen and Kunkel showed 

chat the inhibitory substance present in the serum of RA 

patients could pe removed from the serum by dissociation with 

acetate buffer, pH 4.0 during Sephadex G-20Û_ chromatograph y
è

_,,( 

of RA serum (Allen and Kunkel, 1966). Thi~ materia1 was 

found to be autologous IgG and seemed to interfere with the 

anti-Rh human erythrocyte agglutination assay (Waller and 

Vaughn, 1956) by being complexed with RF in the serum and 
l' v' 

~hereby not a110wing the RF to agglutinate the cel}s coated 

with humap anti-Rh antibody. The relative reactivities of the 

two forms of IgG could be explained on the Qasis of a hapten-

antigen relationship, the unaggregated 'native' IgG failing 

to precipitate the RF but nevertheless being capable of in-

hibiting the reaction between RF with complete antigen (ag-
l, \ 

gregated or comp1ex bound IgG; Henney and Stanworth,v 1965). 

5.1.3 MULTIVALENCY , 

RF was found to reac't with native, -75, IgG by the 

ultracentri~gation studies of Normanse11 (1970) and subse

quently, this author demonstrated that the binding constants 

for the reaction between RF and either native or heat-aggre-

gated human IgG were identica1 (Normansel1, 1971). Normansel1 
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suggested that the increased reactivity with RF attributed 

to aggregatéd gamma globulin appeared ta be due ta the 

\ 
multivalent nature of the antigen. This theory would seem 

ta be in agreement with experim~nts wh~ch demonstrated that 

mu1tideterminant antigens with a high density of antigenic 

sites bound more strongly ta IgM antibodies than monovalent 

antigens (Crothers and Metzger,l972). Eisenberg ~oncluded 

thai the enhanced interaction of a monoclonal RF with ag-

gregated IgG was due entire1y ta multiple bonds between 

individual antigen and antibody m~lecules (Eisenberg, 1976). 

The importance of polyvalent antibody-antigen interactions 

increases binding affinity and perhaps favors precipitation. 

In addition, Eisenberg found that there was no evidence for 
, 

any incr~ased specificity of single antibody active sites 

for new antigenic determinants revealed on the IgG by the 

process of aggregation .. Dissanayake and co-workers demon-

strated that RF isolated under neutral pH cQnditions exhi-

bited binding constants with native human IgG which were 

substantia1ly lower than for aggregated IgG (Dissanayake 

et al., 1977). This preparation of RF was found to contain 

autologous IgG and when this IgG was separated from the 

co~plex by acid dissociation, the RF reacted similarly with 

both native and aggregated human IgG. Recently, during 

studies on immune tolerance the heat-aggregated human IgG in 

rabbits, lt was shawn that no comp~ete1y new antigenic 
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determinants are created on heat-aggregation of IgG, but 

there appeared to be some potentiation of immunodominance 

of an a1ready existing determinant (Hunneybal1 and Stanworth, 

1979). 

5.2 STRUCTURAL SPECIFICITY 

5.2.1 IgG~TS 

'. Rheumatoid factors have been shown to react with 

the Fe fragment of human IgG (Stone and Metzger, 1968; 

C e r rot in i and Gre y, 1 9 6 9; Lye tan d Nor man s'e Il, 1 9 7 4; Car son 

et al., 1977; Si~gh and Francis, 1978), heavy. chains 'CAllen 

and Kunkef, 1966; Henry et al., 1968; Johnston and Abraham, 
').~" 

1978), pFc' fragments (lIter and Turner, 1973; Dissanayake 

et al., 1977) and specifica11y to one site on the CY3 region 

and three sites on the Cy2 region (Natvtg et al., 1972; 

Steward et al., 1973). 

5.2.2 GENETle AND NON-GENETIC IgG DETERMINANTS 

The various rheumatoid factors reacting with 

native human IgG may be c1assified according to the antigen 

with which they interac2 (Natvig et al., 1972). RF was 

found to react with on1y a portion of anti-Rh antisera in 

" 
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the anti-Rh human erythrocyte agglutination assay (Waller 
) 

an~ Vaughn, 1956). The heamagglutinating aetivity of these 

rheùmatoid factors could be inhibited by sorne but not ail 

hùman serum or IgG preparations (Grubb, 1956). The IgG 

type producing inhibition in this system was designated Gm(a) 

and was subsequently shawn to_be genetically determined 

(Grùbb and Laurell, 1956). Dther Gm genetie antigens have 

been shawn ta be reactive with RF, namely Gm(x), (b l ) and 

(g) (Harboe and Lundevall, 1959; Harboe, 1959; Natvig, 1966). 

In a.ddition, the 'non a', 'non b l ' and 'Y4 non a' antigens 

which are antithetic to Gm(a) and Gm(b l ) have aiso been found 

to be reactive with some rheumatoid factors (Natvig et al., 

1972) . The 'Y4 non a' antigen ~s confined to the IgG4 sub-

class while the 'non a' and 'non b l ' antigens are allotypic 

~ 

withiœ one given subclass but are also present in aIl proteins' 

ai ether subclasses, predominantly in the IgGl and IgG3 sub-

classes. 

5.2.3 IgG SUBCLASS DETERMINANTS 

Certàin IgG subclass antigens have aiso been shown 

to react with RF and these are probably the mast commonly 

~ncountered RF specificity. A major antigen in this group 

18 the Ga antlgen shared by the IgGl, IgG2 and IgG4 subc1asses 
./ 

(Allen and Kunkel, 1966; Gaarder and Natvig, 1970!). From 



,1 

L a 
1 
! 

l' 

( 

, 

ft 

30., 

these' data, it is apparent that RF is a heterogeneous popu-

latio~ of anti-globulins but as it has been.pointed out 

(Chavin and Franklin, 1969; NDrma~sell and Young, 1975), the 

rheumatoid ractors present in a typical RA serum show little 

distinction as a whole-among reactivity with either diTferent 

genetic y-globulin types or subclasses, with the possible 
" . 

exceptLon of IgG 3 (Normansell and Stanworth, 1968; Normansell 

and Young, 1975). 

5.2.4 HETEROGENEITY: POLYCLONAL NATURE OF RHEUMATOID 

FACTOR 

IgK rheumatoid factors which precipitated as cryo-

/ globulins with their antigen IgG molecules attached were 

isolated by Johnston and Abraham (1979) and analyzed for IgG , 

specificity. The class of the ~antigen IgG' isolated from 

these complexes was also analyzed. In some cases, the IgM-RF 

precipitated an IgG which was enriched for a certain subclass 

indicating a highly preferential aetivity, however, other 

rheumatoid factors showed that the selection of IgG was a 

" 
random and non-specifie process (Johnston and Abraham, 1979). 

The 'an t igen- Ig'G' may no t be a unique sp ec ie s in most" in- -

stances (Johns'ton et al': , 1979) and data were found ,which 
J' 

support the notion that the original antigenic stimulus fo~ 

RF synthesis could be cross-reactive with IgG, or else was 

• <l, 

." 

.. 
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no l~Ager in the patient's serum when the IgG was isolated 

·from the' c:ryoprecipitate.~~-' 

Certain IgM-rheumatoid"factors show serQlogic 

specificity for genetic determinants on IgG not present in 

the hast but present in others' not affliêted-with the disease 

(WilIiams, 1979). It is evident from the data which have 
i-., 

-been found by these numerous researchers that the classica1 

RF_fo~nd in the'sera of ~àst patients with RA, in a co11ec-

tive sense, repr~sents a population of rheumatoid factors 

with heterogeneous anti-gamma globulin specificities (Bulter 

and Vaughn, 1965). The term po1yclonal RF IÙay' a1so be 

applied to this population of rheumatoid factors isolated 

from patients with RA as opposed to monoclonal rheumatoid 

f:acto,rs, which are monospecific (ma y b,ind with different 

antigens that share the ~ame determinants) and are usua11y 

isolated from patients with Waldenstrom's macroglobu-

linemeia. 

5.3 SPECIES SPECIFICITY _ 

The classical rheumatoid facto~ assays demonstrated 

that rheumatoid factors were a group of 'apti-antibodies which 

were 
..... ' \ 

able to cross-react with~human and rabbit IgG mo1ecules. 

The three assays which were' used ta show that there may be 
, 

differences in species specificity were the sheep cell agglu-

) 

/ 
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, , 
tina1:1on test -(Waa1er,~ 1940; Rose, et al., 1948; Ba).l, 1950), 

emp1oyiq.g rabbit anti-SRBC antibody, and two ass~ys'using 

human IgG as the antigen, the FIl tanned sheep cell agg1uti-

nation test (He-'11er et al., 1954) and the latex fixatio'n 

test (Singer and P1otz, 1956). 

5.3 • 1 'CL INICAL S IGNIFICANCE , . . 

P10tz and 'Singet (1956) noted that the resu1ts of 

the latex fixation test compared fa~ourably ~ith the èiters 
c 

obtained in the SCAT. At hi_gher titers, the sheep ce11 test 

was better, but those sera containing low titers in the latex. 

test (1: 20) were, negative in ~he SCAT test (1: 16). There has 

been agreemeni: between various,researchèrs doing éomparative 

testing ~th these three assay systems that the SCAT test was 

the most specifie for rheumatoid factors found in RA, the FIl 

test was the most sensitive and that the latex fh:at'ion test 

in the form of a slide agglutination test was (tlle most simple 

to perform with reasonab1e ~ensitivity (Ansell et al., 1969; 

Bartfeld, 1969b; Catheart and O'Sullivan, 1969; Waller, 1969; 

" Cathcar;:'et aL, 1975; Gall et aL, 1978). . . 
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0 

--5.3.2 HUMAN REACTIVE AND BI- SPECIF lC RHEUMATOID FACTORS . 

Cross-reactivity between RF and gamma globulin from 

..... ovarfous species was first investigated by Vaughn io\ 1956, 

using an inh.:lbition assay (Vaughn'~ 1956). In this met:hod 

" :f:.t was shown that immune precipit~tes, formed with egg a1bu-

min and tabbit ,ant:i-albumin antibody, were able to inhibit 
• 

k. the aë-~lu ti na t ion of sensitized she ep cells by Gu inea-

pig and horse immune precipitates could not inhibit this re-
1 • , 

action between RF and the rabbit ant,i-SRBC antibody. Further 

studies by Vaughn and co-workers showed that absorption ~ith 

rabbit immune precipitates selecÜvely removed that portion ' 

of the rheumato'id factor responslbl~ for agglutination' of 

'----' 
~ 

sheep cells coated with rabbit antibody, with minimal, but 

,significant, reduction of agglutination titer for cella· 

coated wi th human gamma, g lobul in (Vaughn etaI., 1958). l t , 

lo7as al s 0 shown tha t absorption of serum wi th hea t aggr egated 

human gamm~ globulin could inhibit aIL. agglutinating act-

ivity in rheumato1d sera. These data provided support for 

\ 

.. 

a theory that there were two types of' RF, one of which reacted 

with only hum"an IgG and the other which reacted with both 

human and rabbit IgG. The cross reactivity with rabbit gamma 

globulin, however, w3S thought to be weaker than with human 

gamma globulin (Edelman .et al., 1958). 

Anion exchange chromotog'raphy was found to yield 

\ 

-, 
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one 195 peak which could be absorped with Cohn fraction II 
!J' 

and recovered by dis.;lssocjLation ,ith urea to, give a rela-

\ ' \ 

t,ively pure IgM-RF preparation (Lo\Qpalluto and Ziff, 1959). 
" "-

This prepar~tion of RF, when rechroma"ographed, yielded two , 
~ 

peaks one of which agglutinated rabbit s'êITsitized sheep 
" 

\ 
cells and latex particles coated with hUlllan gamma globuIin, 

termed factor I, and a second peak which agglutibated only 
r---., 

th ;fi-urnan' .co a t ed 

to be ~sen t'in 

particles, factor II. Factor II was_ foûnd 

normal -as weI1 as RA serum and it was 

thought that this human-only reactive RF provided a possible 

_______________ ~~----- explanation for the observations that sera from patient~ 

with sarcoidosis and syphilis agglutinate latex partic1es 

coated with human IgG but do not agglutinace rabbit sensi-

tized-SRBC. Ultracentrifugation"studies demonstrated that 

two distinct rheumatoid factor -populations existed (Heimei 

and
j 
8c'hwartz, 1961). One population, sedimenting at 19.4S,' 

was found to be reaètive with cells coated with either hu-

man or rabbit gamma globu1in while' another, sedimenting at 

19.58, was reactive only with cells 'coated with human gamma 

globulin. 

The view;pOl.nt that aIl rheumatoid factors were 

reactive with human IgG while a subpopulation showed re-

activity with both human and rabbit gamma globu1in was sup-

ported by the endeavours of But1er and Vaughn (1964; 1965). 

These authors demonstrated that rheumatoid sera were re'"""::-

, ' 

-- ------
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active with human, rabbit, bovine, equine, porcine and 
~ 

quinea-pig gamma globulin but were not reactive .with chick-

en gamma glo!'ulin (Butler and Vaughn, 1964). With cells 

coated with animal gamma globulins, the respective animal 

g a mm a . g lob u 1 i n wa saI wa ys con s ide rab 1 Y m 0 r e e f f e c t ive t han 

the other gamma globulins in inhibiting the agglutination 

reactiQn. For èxamp'le, inhibition of the anti-Rh system 
\ 

(Waller and Vaughn, 1956) could be accomplished with the 

addition of human normal serum but not with rabbit normal 

serum (Allen and Kunkel, 1966) and native rabbit but not 

human IgG was found to inhibit the sheep cell agglutination 

test (G1ynn, 1968; Normansell, 1971). It was shown never-

theless that it was p'ossible to inhibit aIl RF agglutinating 

,activity by absorption of the ,sera with insoluble human 

gamma globulin. The other animal gamma globÜlins when 

insolubi1ized inhibited only their respective 'agglutination 

reactions. Subsequently it was observed that insolubilized 

rabbit gamma globulin was capable of partial1y absorping 

reactivity with hUl\lsn gamma globulin coated c~11s (Butler 

and Vaughn, 1965). 

MONOREAcTÎ~~ AND BI-SPECIFIe RHEUMATOID FACTORS 

l t wa saI sot hou g h t th a t the r e w e r e -r heu mat 0 id 

factors which reacted with on~y' rabbit gamma globulin in 
, . 

• 1 
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addition ta the two rèac'Civities p:eviously described. 

Dispersion of agglutination and mixed agglutination studies, 

using rabbit sensitized alligator erythrocytes and human 

~ anti-Rh human erythrocytes, showed that three populations 

of rheumatoid factor existed: factor a combining with 

human gamma globulin only; factor b combining with both 

human and rabbit gamma globulin;-and factor c combining 

with rabb~t gamma globulin only (Milgrom et aL, 1962) .. 

This theory 18 widely accepted today and has been confirmed 

by numerous researchers (Williams and Kunke1, 1963; Norman-

se1l' and Stanworth, 1968; Skalba and Stanworth, 1969; 

Normansell , 1972; Stewart et al., 1975). 

/ 
1 

Ruman FIl, aggregated FIl and rabblt gamma globu-
~ 

lin, diazotized to po 1 y amino s tyren e col um'ns,. were u sed t 0 

separate rheumatoid factors from sera of patients with RA 

(Williams and Kunkel, 1963). The rheumatoid factors which 

passed through human gamma globulin columns were unreactive 

in human agglutination tests but retained positive rabbit 

reactivity and conversely, fractions passing through rabbit 
, 

gamma globulin columns were reactive with human IgG only.o 

Normansell showed that three populations of RF 

ex1ste~ by absorption of the rheumatoid factor onto co1umns 

of human and 'rabbit gamma globu1in (Normansell, 1972). The 

majority of the RF had specificity for both human and 

rabbit gamma globu1in with smal1er amounts specifie for one 
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or the other species of gamma globulin. The monospecific 

rheumatoid factors which passed through the affinity'"èol-

umns were shown ta have similar binding constants for 

their respective 75 rabbit or human IgG antigens in the 

ultracentrifuge. The rheumatoid factors absorped ta the 

human or rabbit gamma gl.obulin columns could be eluted with 

0.05 M glycine-HGl buffer, pH 2.8, and when tèsted in the 

ultracentrifuge, were react~ve with rabb~t, human and horse 

gamma globulin (binding constants 1-5 X IDS 1iters/mole). 

• The binding of RF with rabbit gamma globulin was found to 

be stronger than with human IgG. The binding constants 

were adjusted on the basis of experiments which showed that 

only 67% of the rabbit IgG was react~ve with RF whereas 
/ .. 

a11 of the '\luman IgG was found ta be potential1y. reactive 

with a polyclona1 IgM-RF (Normanse11 and Stanworth, 1968; 

No rm ans e 11, 1972). This was based on the r,esu1 ts of Henney 

and Stanworth (1964) in which the amount of precipitation_ 

occurring between RF and heat-aggregated gamma globulin 

varied according to the species of gamma globulin emp10yed 

and on the suggestion (Skalba and Stanworth, 1969) that one 

conformational form of rabbit IgG did not react with a 

poo1ed RF preparation. The conformation of rabbit IgG re-

sponsib1e for this species cross-reactlvity was confined ta , 

those molecules which were sensitive to papain. Gamma 

globulins from species comprising main1y, papain resistant 

• 
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molecules, ego horse, 'bovine, chicken, showed low reac-

, 
tivity with RF whereas gamma globulins which comprise pre- l.J 

domi~ntlY papain sensitive moleeules, ego 

rabbit, showed relatively high reaetivity. 

Stewart, Hunneyball and S'tanworth, 

sheep cell agglutination assay with baboon 

human, baboon, 

employing a 

and rabbit anti-

SRBC sensitized sheep cells, showed that each of these sys-

tems was detecting a specifie RF population, i.e. one whieh 

is specifie for human (baboon) IgG and one wqich is specif-

ic for rabbit IgG (Stewart et aL, 1975). A third popula-

tian was found to reaet with both. The inc idence of the· 

monoreactive RF population in ~he sera of patients with 

suspeeted or confirmed RA was low, less than 9%. Although 

m 0 S tif no t a Il rh e u m-a toi d fa e t 0 r s Il a v e b e e n s h 0 w n t 0 r e a e t 

,with either human or rabbit IgG,. or bath, the possibility 

t h a t the r.e m a y b e a pop u lat ion· 0 f RF wh i c h r e a c t s ID 0 noS p e

cifically ~th IgG from another species has a1so been sug

gested CHans:Jn and Winblad, 1978) but these wou1d be ex-

pected to be quite rare. 

Dissanayake and c!o-workers (1977) showed that the 

binding constants for the precipitation reaction between 

pooled polyclonal RF and rabbit or human 78 IgG were simi

llar and were of the same order of magnitude (104 - 105 l/M) 

as those obtained by Normansell (197~ 1972). Once more, 

the binding constants, when adjusted for the potentia11y 

• 
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nonreactive rabbit IgG, showed that RF 'react!:!d more strongly * 
with rabbit gamma globulin than with human IgG. 

1 

The predominance of the RF r~active with both rab-

bit and human gamma' globu1in has been ques tioned (Milgrom 

et al., 1962). Normansell (1972) noted that it was not 
, 

possible to isolate a reactive population of ~F that ,was 

purely bi-specifie and therefore, the existence of this 

class of RF could only be demonstrated by agglutination 

7 
testing of rheumatoid factors eluted from affinity co'lumns 

containing rabbit or human IgG. It would seem however, 

that there is general agreement between investigators that 

the bi-specifie RF does exist and Is the most predominant 

form oceurring in RA s~ra. 

'5.4 GENESIS OF SPECIFICITY 

It i9 apparent from these data tha·t there are 

f amilies of RF mole cules, 
( 

1 
each wit'h ~istinc tant igenic speci-

ficities in rheumatoid factor containing sera,' which would 

account for many of the observations that RF-sera or i90-

lated RF react with IgG oi different species. In addition, 

it has been suspected that there may be antigenic sites" on 

gamma globulin mole cules which are common ta the IgG mole

cul es f rom d i f fer e n t s pee i-'e s, ace 0 U n tin gin par t f 01 the 

reaetivityof RF with IgG from various species (He~~y and 
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-' 
nworth, 1964). It has also been shawn that thet'e is a 

sequence homology between the human and rabbit Cy3 

re~ions on' the Fc portions of these IgG molecules (Steward 

et aL, 1973). Furt hermore, the observation that dena-

tured or aggregated IgG blocked sensitized celi assays or 

RF assays in which aggregated IgG is used as antigen, re-

gardless of the IgG species used, has been widely demon-
\ 

strated. Here, aggregation 15 thought ta unmask antigenic 

sites which are not readily availab1e to RF in native IgG 

molecules (Williams and Kunkel, 1963; Henney and Stanworth, 

1965; Skalba and Stanworth, 1969; Gaarder, 1,973; Stewart et 

al., 1975; Dissanayake et al.) 1977). 

There i5, however, another alternative explana-

tian to account for these observations. Aggregation results 

in the formation of a macromolecular comp1ex of IgG mole-

cules, and the subsequent aggregate carries many antigenic 

determinants on a single macromolecule as bpposed ta a single 

Or relatively [ew sites on each native IgG molecule. The 

bind in& of pentameric IgM-RF ta such a complex would a110w 

several binding sites to react with several antigenic sites 

on the same macromolecule, yielding a greater 'total' af-, 

finit y, even though each individual af,.;inity is the same as 

that for the native IgG. This would then account for the 

abUity of native IgG to block assays in which aggregated 

IgG of the same species is used as antigen and account for 

• 
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the capacity of aggregateçl IgG of any species to inhibit 
.<; 
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native IgG-RF interactio'ns and assays utilizing aggregated 

IgG of dissimilar species. This would also explain the 
\ 

a p par e n t gr e a ter a f fin ft y 0 f RF for den a t ure d. l g G c 0 m p a,,\ d 

with native IgG. If such a mechanism does operate, then 

it is possible that RF activity could be obscurred in some 

ser·a due to the binding of RF tith autologous native IgG 

in the ses e r a wh i chi s no t r e a ~/i 1 Y un mas k e d b Y a g g reg a t e cl 

,IgG in the assays employed Cso(called 'hidden" RF; Allen 

and Kunke1, 1966; Hansson and W\lad, 1978; Maiolini et 

al., 1979). Maneuvers, such as ge tle 

serum, dilution or gel filtration at neu 

and Heimer, 1974; Hansson and Winblad, have been 

shawn to dissociate RF-native IgG complexes., thereby making 

RF detectable. It should be noted, however, that examp1es 

of, 'hidden' RF are uncomman (McDuffie and Bunch, 1977a). 

5.5 HETEROGENE ITY OF RF SPECIFIe ITY 

It 18 ev1dent ham the knowledge that has been 

accumulated on RF sinee its initial description in 1940, 

that it i8 a more heterogeneaus population of molecules 

than Waaler's 'agglutination activation factor' (Waaler, 

1940). The heterogeneity and speclficities of RF, whic'h 

have been described above, include specificity towards in-
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tact IgG molecules (monomeric, aggregated, surf ace ab-

sorbed), towards IgG subclass determinants on IgG1 - IgG4. 

towards determinants Eln Fe fragment~ both geneti·c and non-

genetic, towards antigen-antibody complexes and against 

heterologous IgG moleeules, most notably towards rabbit IgG. 

Thus, rheumatoid factor is usually defined, as a popu1atiop 

of molecules directed primarily against det~rminants on the 

Fe portion of the human IgG moleeule. 
, 

In addition ta rheumatoid factors which react w!e-.n 

IgG, antiglobulins!which react with IgA (Fudenberg et al.. 

1968). IgM (Mac,Kenzie et al., 1967), IgE (Williams, et al., 

1972), pepEiiip.-digested IgG (Osterland et al., 1963) and 

1ight chains (Williams, 1963) have a11 been discribed but 

these are generally not regarded as rheumatoid factors. 

Monoclonal and polyclonal rheumatoid factors with anti-di-

and anti-trinitrophenyl activity have been described (Hanne":', 
stad, 1969a; 1969b) and furthermore, rheumatoid factors re-

act with deoxyribonucleic aeid (DNA) (McCormiek and Day. 

1963; Hannestad and Johannedsen. 1976; Agnello et al., 1978; 

Johnson, 1979), double stranded DNA (Bell and Schur, 1975; 

Grennan et aL. 1977). single stranded DNA (Lange et aL, 

1976), denatured DNA (Hannestad, 1969b), DNA-histone (Ag-

nello et al., 1980) and nuc1ear histone (Aitcheson et al., 

1980) have also been reported. 
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6 RHEUMÀTO ID FACTOR AS SAYS 

6.1 THE SHE~P C,ELL AGGLUTINATION AN'D LATEX FIXATION TESTS-

The two mast p.opular' assays in clinical use today 

for the detection of RF are, the sheep cell agglutinati6n 

test (SCAT) and the lat,ex fixation test (LFT). 

tivity and apparent simplicity of agglutination 

The sensi-

tests make 

" 
them popular for the detection of abnormal levels of RF. 

~The clinical spec~,ficity of the SCAT assay renders it a 

valuable diagnostic aid for rheumatoid arthritis (Lea and 

Ward, 1978). There have been. however, numerous criticisms 

of the se two techn iques in r ec ent y ears . 

. ' 
6.2 DISÀDVANTAGES OF THE SCAT AND L-FT TEèHNIQUE~ 

The reagents used in the SCAT assay, 'name1y the 

sheep cells and the rabb i t an t i-SRBC anti bodies, are labile, 

and the method has been found ta be relatively insensitive 

(Shakib and Stanworth, 19'8; Gripenberg et al., 1979). In 

addition, bath the SCAT and, LFT methods suffer from diff,i

cult:Î.es of standardization (Klein et aL, 1976; Lea and 

Ward, 1978; Gripenberg et al., 1979). Semi-quantitation 

is obtained in these assays by selecting- the last positive 

r eact ion in a doub 1 ing di lu tion scal e lead i ng t 0 low pre-

o 

------~----------~-----~, -----~ 
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cision (Maiolini et al., 1978). The difficu1ty and inherent 

subjl:!c.tivity in reading t{tration endpoints leads ta poor 

reproducibility CVire11a et al., 1978; Klein et 'al." 19.79;-

Weinblatt and Schur, 1980). Using the latex or s'ensitized 

sheep ~e1.l tests, 46% of 208 clinica1 laboratori,es reported 

abberant and wide1y varying results in assaying 's RF-con-

taining samples (Hnger, 1974)~ 
, 

Another disadvantage in 

using these tests is the inability of agglutination assays 

to demonstrate the presence of IgA, IgG or other non-agglu-
r 

tinating rheumatoi'd factors with low'avidity (Lea and Ward, ! 

1978; Jones et aL, 1979). Thes e obs ervat ions have led ta 

the development of new RF assays which are more sensitive , \ 

and more reprod ucibl.e than the ta t ex- or sheep cell agglu t i-

nation tests. 

6.3 CURRENT RF ASS~YS 

!, 

Some of ,th~),urrent methods for the measurement 

of RF in human o serum are summarized in Table 2~2. These as
-,--

says fall inta four basi~ categories based on the methad-

010 gy emp loyed. Thes e are: haemagglu tination assays in 

whi ch a sensi ti zed human or animal ery t hrocyt e is agglu t i-

nated by RF; latex agglutination assays in which latex par-

ticles coated with'IgG are agglutinated by RF; precipi-

tation assays in which complexes of RF and IgG are precipi-

/ 

,/ 
.; 
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\ tate~ in ge) (by an a:uxillary antibody or by the, u'se of 

polyethylene glycol); a.nd solid phase assays which generally 

employ solid phase IgG to which RF is absorbed and the re-

action quantitated with the addition of anti-human immuno-_ 

globulins ùlabelled with radioactivity, flourocein or en-

zyme s . In addi t ion, nephel oÎne tr i c tee hnique s have be~n 

desc r ibed' and t hese will be d iscu s sed in sub s equent s.ec-

tions. 

For 14 of these assay§ in which comparisons were 

done between the new assay resu1t s and the classica.1 SCAT 

and LFT "titers for the same sera, only one test (Shakib and 

Stanworth, 1978) d id no t show corr elat ion wi t h thes e stand-

ard RF assays. AIt hou g h the r e.s u 1 t s 0 f the n e w tes t s 101 e r e 

comparable with those obtained in the SCAT and LFT assays, 

m~~t, if not a11, of these n'ew assays were shown to be more 

sensitive and more reproducible than the c1assical tests. 

E,ach of these test~s was found to have advantages and dis-

"advantages associated with the methodology employed, how-

ever, it is not within the scope of this discussion to con
f 

sider the tests per se a1though .comparisons may be made 

with the resu1ts obtained by these authors. 

. . 
§ i 
1 

. , 

p 

t 

{ 

J 

. ; 

/ 





, . 

\~ 

" 

" 

t' 

TABLE 2.2 (cont.) r 

,,< 

Ant;gen RF Classes 

47. 

J 

Ref . 

. Precipitation ASS8yoS (cont. '> 

hAHGG_ 1251 .. 

Solid Phase Assays 

" RGG or HGG insolu-
bilized with ethyl

~ 'chlaroformate 

• RGG bound to 
plastic 

HGG, Fe bound 
to . plastic 

hAHGe or gARGe 
bound ta plstie 

C' 

RGG anÜ-SRBC bound 
to smeared SRBC 

RGG bound ta 
plastic 

JlAHGG or bARGG 
bound"to cellulose 

RGG bound ta 
plastic 

ReG or HGG insolu
bi1ized with glut
ara1debyde 

HGG anti-viral 
antigen ~ound 
to latex partièles 

f 

....... ' 

h, .. 

" 

Precipitation 
with 2.5% PEG 

M mainly 12. 

Radial Immonodiffusion M,G,A seper~tely5 13. 

125I-anti-Ig~ or 
anti-IgG 

125I-Rabbit Fab2 
anti-:!gM or 
anti-IgG 

125I-Goat anti-IgM 

125I-Rabbit anti-IgM 
or anti-IgG 

FITC-Rabbit anti-IgM 
or anti-!gG 

ELISA-hAHGG or bARGG 

125I_Rabbit anti-IgM 
or anti-IgG 

M,G seperately 

,1 _ 

~ M,G seperately 

M 

MtG seperate1y 

M,G,A in toto 

~,G seperatel:r. 

14. 

15. 

18. 

19. 

20. 

Radial Immunodiffusion' M,G,A seperately, 21. 

125I _P1g ant1-IgK M , 22. 

(cont. ) 

, . 
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TABLE 2.2 (cû~t.) 

'1\ntigen Concentration 

Solid Phase Assays (cont.) 

hAHGG or ARGG 
bound to plastic 

RGG bound ta 
plastic 

. RGG anti-SRBC bound 
to smeared SRBC 

HGG bound to 
plastic 

ELI$A-anti-IgM 
di' 

12S I - Rabbit anti-IgM 
or,anti-IgG 

FITC-anti-IgM, ant!-, 
IgG, or,anti-IgA 

ELISA-anti-IgM 

48. 

RF classes Ref. 

M 23. 

M,G seperately 24. 

M,G,A sepe~ate1y 25 . 

,M 26. 

l-Immunoglobulin 'cla~s of RF detected in these assays;\ 
2 Agglutination assays decect mainly IgM-RF but there may be some addi-

tional agglutination caused by the other classes of RF; 
3 IgG-RF detected after reduction ,of serum with2-mercaptoethanol;o 
~ Total contribution of IgM-, IgG, and IgA-RF detected; 
5 IgM-, IgG-, and IgA-RF detected seperate1y. 

Abb~eviations used in this Table were: HGG, Human IgG; SRBC, Sheep 
red blood cells; NHGG, Human Native IgG; hAHGG, Heat-Aggregated Human 
IgG; PEG, Polyethylene Glycol; RGG, Rabbit IgG; gARGG, G1utaraldehyde
Aggregated Rabbit IgG; ELISA, Enzyme-Linked Immunosorbent Assay; bARGG, 
Heat-Aggregated Rabbit IgG. -

1. 
2. 
3. 
4. 
S. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13 . 

o 
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/ 6 ~~HP.O~ET-RIC RREUMATOID FACTOR ASSAYS 

6.4.1 NEPHELOMETRY: DEFINITION AND AP~LICATIONS 

The quantitation of specifie p~oteins in human 

Serum by nephelome,tric me'asurétnent of immunoprecipitin re-

ac~io~s has gained importance {n the past few years • (Ki1-

~ 

lingsworth and Savory, 1973). Nephelometry is defined a~ 

the detectlon of 1ight energy scattered or ref1ected'towards 

a detector which ls ,not in tbe -ti1.~ect \"ath of the transmitted 

1ight (Kusnetz 'and Mansberg, 1978)': 'A\nephe1ometer ls ) 

capable of de t ec t ing sol_ub le ma 1ecu~a r \aggrega.t es 1 n 50 lu

tions which appear perfect1y' G--le~r to the naked eye. Tlle 

increase in' light scattering du~_ ta the formation of antl-

gen-antibody complexes has been examined ext'ensively (Gold-

berg and Campbell, 1951; Tengerdy, 1967; Davies, 1971; 

Marrack and Richards, 1971). The parameters for the nephe-

\ 
lometric quantitation of human IgG ln serUm with goat anti-

human IgG antiserum were studied by Killingsworth and 

Savory (1973). 

6.4.2 LASER NEPHELOMETRY 

Until 1976, measurement of immunological reac
r---

tians nephelometri~llyfiad determined light scattereda1t 

j 
1 
/ 

\ 
( 
'-~ 
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an angle ,of 90 0 (Killingsworth and Savory. 1972). ,This 

angle limi~s the sensitivity of the technlque and does not 

. " 
ailow sample backgrounds to be weIl differentiated from the 

specifie immunological r~action being quantitated. (Buffone 

ét al., 1975; Kusnetz and Mansberg, 1978). The d"ev elopmen t 

of a nephelometer employing a laser as the li~bt source al

lowed detection of forward light scatter (31°) and increased 

the sensitivity,of nephelometry for the detec~ion of anti-

gen-antibody reactions (Deaton et al., 1976). The quanti-

tation of various serum proteins has bèen investigated 

using the laser nephelometer among which are: ... IgA; IgG; 

IgM;'complement com~~nent C3; and albumin (Deaton et al., 

1976). Comparisons of immunoglobulin determinat~ons in 

pathologiesl sera by rad~al immunodiffusion (RID) and laser 

nephe10metry demonstrated that the nephelometer offered a 

- . 
considerable advantage over RID ~e1~a'and Fudenberg, 

1977). Laser nephelometry was found ta be more precise and 

was not limited by the mplecular-size characteristics of 

the pto~eins assayed such as may occur with d~ffusi0n meth-

od s.. It should be noted that most commercial nephelometric 

assays employ polyethylene glycol to improve or enhance 

these assays. The effect of polyethylene glycol on immuno-

precipitation reactions will be discussed below. ~ 
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( .- 6.4.3 THE EFFECT OF POLYETHYLENE GLYCOL ON' 

IMMUNOPRECIPITIN REACTIONS 

Pol y eth Y l en e g l Y col (P E G ) i san ex a,m pIe 0 f a wa ter 

soluble polymer which has been us~d extensively ta enhance 

the precipitation of immune complexes (Harrington et al., 

1971'; Creighton et al., 1973). Increasing concentrations of 

up to 5.0% added to agar gel progressively accelerated 

specifie immunoprecipitation and promoted the formation of 

visible precipitin 1ines (Harrington et al., 1971). Soluble 

complexes as small as IgG trimers cou1d be precip1tated by) 

----the addition of PEG with a final concentration of 7.57. 

(creightori et al., 1973). Most,\of the native immunoglobu-

lins were precipitated by 20% PEG in thi~ system, however, 

~t concentrations of polyethylene glycol up to 3.5%, the 

de crea se 1n the solubilities of IgM, IgG and IgA were neg-

ligible while 10% of a heat-aggregated HGG preparation waS 

precipitated with this concentration. 
\, 

The general mechanism of action of PEG ls unknown, 

but the modification of protein solubilities observed in 

the presence of water soluble polysaccharides would suggest 

that a molecular solvent exclusion effect is involved. The 

effect of PEG on the precipitation of immune complexes was 

explained in terms of a steric exclusion of the antigen-

antibody complexes from the domain of the polymer (Hellsing, 

• 
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1969) . It was' shown that PEG could be used to precipitate 

solubl~ immune complexes in conditions in which either free 

antigen or antibody remain soluble (Creighton, 1973). The 

use of polymer enhancement was found to increase the sensi-

tivity and to decrease the reaction time of the nephelomet-

ric method (Lizana and Hellsing, 1974a; 1974b). 
" 

The ovet'-

aIL effects of PEG in nephelometric assay systems are: in-

creased sens~tivity, increased reaction rate allowing short 

incubation times for quantitation, and permits antigen to 

be quantitated in either antigen or antibody excess. 

6.4.4 NEPHELOMETRIC RF ASSAY 

Nephelometry has been used for se~eral years to 

quantitate the concentrations of serum pro teins but has 
, 

only recently been applied ta the measurement of rheumatoid 

factor. The reaction between RF-containing s~rum and heat-

aggregated human IgG in the laser nephelometer was first 

described in our laboratories (Lamberson et al., 1977). 

Subsequently the Hyland Division of Travenol Laboratories" 

Inc., developed a clinical nephelometric RF assay (Jones 

etaI .• 1979). In addition, 
,l, 

this reaction has been studied 

by ather reséarchers whose techniques are summarized in 

Table 2.3. lt has been shawn that the results of the com-

mercially available Hyland nephelometric rheumatoid factor 

• 
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aasay correlate weIl with the RF titers obtained in the 

latex fixation test (Husmann, et al., 1979; Weinblatt and 

Schur, 1980) and in the sheep cell agglutination test 

(Husmann et al., 1979). 'f 

TABLE 2.3 

NEPHELOMETRIC RHEUMATOID FACTOR ASSAYS 

> 

Antigen Quantitation Reference 
) 

hAHGG, monomer Hy1and Laser Lamberson et al., 1977 
free Nephelometer 

hAHGG, unfrac- Hy1and Laser Jones et al., 1979 
tionated Nepnelometer 

hAHGG, unfrac- Hyland Laser Husmann et al., 1979 
tionated Nephelometer 

hAHGG, unfrac- Behring Laser ,Roberts-Thomson and Bcad1ey, 1979 
tionated Néphelometer 

hAHGG, unfrac- l' Hy1and Laser 
tionated ~ephelometer 

Whitse? et al., 1979 

hAHGG, unfrac- Beckman Rate Fin1ey et al., 1979 
tionated Nephelometer 

hAHGG. unfrac- Hy1and Laser Weinblatt and Schur. 1980 
tlonated Nephe10meter 

bARGG, monomer Hy1and Laser Duke et al., 1980 
free; hARGG Nephelometer 
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6.4.5 ADVANTAGES OF NE~HELOMETRIC RF ASSAY 

Although numerous assays have been developed for 

the detection of RF in human serum (reviewed in Sect. 6.3), 
/' 

nephelometry offers several advantages over other assay 

technicques. Short incubation times (less than 60 minutes) 

made possible by th~ enhancing effect of P9lyethylene gly-

col allow results to be obtained rapidly. The NeRF assay 

is simple and makes use of stable reagents which do not 
.~ , 

require labelling with radioactivity br with'enzyme9. A 

higher precision than-with RID i9 obtained and the sensi-
" 

tivity, although not as great as the RIA or enzyme-linked 

as s a y s y ste ms, i s r e s p e c t a b l e ( 6 0 n g 1 mIl g G m a y b e, q,u a n t i -

tated in the Hyland nephelometer). 

By avoiding the use of cellular or particulate 

reagents, the NeRF assay allows quantitation by rate or by 

endpoint analysis. With the cell .or latex particle aggluti-

nation tests, quantitation 15 by ~itration, a notoriously 

inaccurate technique (95% confidence limits generally are 

plu~ or minus 2 dilutions; Flnley et al., 1979). The vari-

abi1ity of the NeRF assay ls also less than the RIA (Jones 

et al., 1979) or the latex fixation test (Weinblatt and 

Schur, 1980). Since the reaction i8 carried out in fluld 

phase, the problems associated with gel diffusion assays 

Ce.g. monomeric versus polymeric antigen quantitation) are 

~ 
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, 
'avoided. The on1y apparent advantage of any of the other 

RF assays'over the NeRF assay i9 a function of the ability 

of the indirect RIA or enzyme-linked assays ta distingu1sh 

between different subclasses of RF that par~icipate ln t~e 

test reaction (Jones et al.; 1979). 

7 GOALS OF THE RESEARCH 

The goal of this research has been to increase 

the knowledge about antibody-antigen reactions, specifi-

cally the reaction of RF with IgG. These reactions have 

been investigated using a new1y deve10ped nephelometric 

aasay. Experimenta have been designed tp examine both 

the species and conformationa! requirements for IgG to 
; 

react with rheumatoid factor. 

\ 
, 

\ 
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CHAPTER III 
{ 

" 
MATERIALS AND METHons 

1 .CHEMICALS AND SUPPLIES 

Reagents and supplies were obtained fro~ the fol-

lowing sources: polyethylene glycol (PEG; 6000 ~.W.), 

E-amino-n-caproic acid (EACA), glycine-HCl, Folin-Phenol 

reagent, sqdium dod.cyl sulfate (SDS), Fisher Scientific 

Co., Dorval, Que.; Tris-hydroxfaminomethane (Tris), glu-

taraldehyde, ethylenediaminetetraacetic acid (Na2EDTA), 

ethyleneglycol bis (aminoethyl)-t~traacetic acid (EGTA), 

Sigma Chemical Corp., St. Louis, Mo;; Freon-MF (trichloro-

monofluoromethane), Dupont Canada Ltd., Maitland, On~.; 

2-Mercaptoethanol, Eastman Organic Chemicals, Rochester, 

N.Y.; bovine serum albumin (5X crystaline), Pentex Labora-

tories, Kank~kee, Ill.; 2-iodoaèetamide, J.T. Baker Chemi-

cal Co., Phillipsburg, N.J.; Bio-Gel A-Sm, Bio-Rad Labora-

tories, Richmond, Ca.; DEAE cellulose (DE-52), Whatman Ltd., 

Maidstone, Kent, England; Sephadex G200, Pharmgcia Fine 

Chemicals, Uppsala, Sweden. Ail other chemicals were of 
\ 

reagent grade and were purchased from Fisher Scientific Co., 

Dorval, Que. 
· ( 
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2 BUFFE.RS 

0.015 M Tris-D.IS M NaCl buffer, .pH, 7.4, was used 

'~ 
in aIl experiments unless oth'erwise noted in the Text. 

Buffera wereliltered through a 0.45 ~m fil ter (Millipore 

Corp., Bedkord, Mass.) and were used within 7 days of prepa-

ratio'n. In some experiments polyethylene glycol (PEG) was 

added at concent·rations noted in the Text. Concentrations 

of PEG are indicated as w7v, expressed as percent (%). 

3 - SERUM SAMPLES " 

-Sera submitted for rheumatoid factor titration were 

obtained from the clinical labora~ory of the Division of 
/ 

Clinical Immunology, Royal Victoria Hospital, Montreàl~ 
~ 

These sera were stored at -20°C for not more than one w.eek 

prior to use. In addition, blood from selected patients 

--with definite or probable rheumatoid arthritis, a; weIl as 

from normals, were obtained. Blood samples were allowed 

.to clot at room temperature (22 oC), centrifuged at 1,000 x 

g (15 min.; 22 0 c) and sera stored at 4°C untfl used. Before 

being assayed for rheumatoid factor activity, aIl sera were 

heat-decomplemented (56 0 C; 30 min) and then clarified by 

centrifu$ation (13,000 x g; 10 min; 22°C) • 
.--"--" --..--..... . ~. 
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4 ~ERUM MANIPULATIONS 1 • 

-" / 

4.1 DELIPIDA'TION OF SERUM AND BIOLOGICAL MATERIALS 

~era which\were visually lipaemic were de1ipidated 
\ 

with , Freon-MF. Two volumes'of' Freon-MF were vigourou~ly 
/ 

mixed with one ~olume of heat-decomplem~nted serum for Id 

tninu.tes. Samp.les were then ~entrif,uged (13,000, x,gj 10 min;' 

22°c) and the del~pidated serum-careful1y removed from the 
! / 

underlying 1ipid interface. Foll_owing chis de1ipidation _ 

procedure, sera were immediately assayab1e in the nephelo-
\ J 
\ 

meter. Other bio1ogieal material,s, as indicated, in the Text, 

• were delipidated with Freon-MF using, this same, procedure., 

1 
4.2 EUGLOBU].IN PRECI-PITATION' O~ SERUM • 

" 
Serum were dialyzed éxhaustively against distilled 

water at 40 c and the euglobulin fraction separated from the 

pseudoglobulin by centrifugation (10,000 x g; 10 min; 4 o C). 
1 

The pellet was resuspended in Tris-NaCl buffer and clarified 

by Icentrifugation (10,000 x gi 10 min; 4°C). Both the re- , 

supended pellet and the supernatant were assayed for RF-acti-

vit Y in'the nephelometer. 

1 
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4.3 REDUCT ION AND ALKYLATION OF SERUM 
• 

4.3.1 cysnf~1 AND IODOACETAMIDE 

/' 

'0.5 M cysteine ~as added to serum to g1ve final 

conce~trations from 0.02S-0.25 M (see Results, 3.1) and in

. cubated at 22 0 for 10 minutes .fter vhich 1 M iodoacetamide 
, 

vas addeq to'give final concentrations twice the cyst~i e ' , . 
, ,~ 

• ' 1) 

conc,entration~. After reduction and aiLkylation, !t~ru v s _ 

dialy~ed exhau!tively against Tris-NaCl buffer. 

4.3.2 2-ME~CAPTOETHANOL AND IODOACE~AMIDE 

2":'mer<!aptoethanol (final concentration 0.1 11) vas 

, .• 0 
added ta serum, incubated for fo~r ~ours at 22 Cafter which 

\ 

iodoacté~mide vas added (final concentration 0.2 M) and re-

acted for an additional 10 minutes. After reduction and . ., 
alkyiation, ser?m vas exhaustively dialyz~d against Tris-

NaCl buffer. 

1 . . 
4.4 PRODU'CTION OF "ARTIFICIAL" RF-SERUM 

Pur if ied polyclonal rheuma to id ~ac tor (pRF) a t 

conéentrations indicated in the Text, was added to 1 ml heat

decomplemented~human normal ~erum (no detectable NeRF-acti-

" , 

• 
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\ 
o " 

incubated with gentle mixing for 24 hours at 4 C. 
, 

~al" RF-serum was thei âssayedr;'{fo,r NeRF acti'jity •. 

, 
5 PROTEIN DETERMINA.TION -

f ... 

Pr'ot~in ,'i!as measur,ed hy the Lowry method, using 

bovine serum a1bumin as standard (Lowry et al., 1951) or 

a -e'1.ose relationship between protein concentrations as 

measured by the Lowry method and by absorbancy at· 28Ô\nm-, 

using known extinction coefficients. The ext'inction coef

,f~cient'. expressed as OD 280 nm for a 10%, protein so{~t~on) 
and a 1 cm light path. used for protein concentration deter-

, 
mination were: 11".85; IgM. rheu,matoid factors';" 14.,3. human 

1 

native IgG; 14.6. rabbit native IgG (Little and Donahue, 

1968) • 

6 GEL FILTRATION; CHROMATOGRAPHY 
,J. 

'A~a1ytica1 and preparative gel filtration w-ere 

done using 6% agarose gel (Bio-Gel A-5m). Tris-NaCI buffer 

was the elution buffer and fractions were collected repre-
. 

senting approximate1y 1% of the tôt~l volume of the co1umn. 

Sample volumes app1ied did not exceed 3% of the total vol-

ume of the column. Co lumns were c with human IgG, 

,., 
" 

'., 
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human IgM and" hea t -aggregated human ,IgG (MW ~ grea?~r t ha~ 
'6 ~ 

5 x 10 daltons; Methods 7.4). Human IgG and IgM w,ere 

61. 

, ) '":> 

~ k1ndly donated by Dr. C .K.Osterland. Eluates were mon1-

~ored for prote1n content by the Lowry method or by absorb-

ancy at 280 nm. 
, 

Nephelometric activi ty of the eluates' was assaye\d 
J. .,il .... 

by reacting aliqu.ots of the eluates wit~ conespond ing RF 
v 

or an t igen p repar a t ion. In t hése experiments, a fi~al in-

cubation volume of 1.0 ml Tris-NaCl buffer containing l~ 
,\ 

PEG was used. RF in serum (final concentration 25 Ill/ml; 

LFT 1:1024) was us'ed to test for antigen activity in elu-

a t
Q 

es wh i l e a g g reg a t e d l g G (a n t i g en; fin ale one e nt rat ion 

50 IJg/ml) was used to test for RF activity in eluates (see 

Resu'ltos). Reactants were incubated for 60 min at 22°C and 

activity, quantitated in the nephe1ometer, was expressed as 

Net LS after subtraction of appropriate b1anks. 

7 PROTEIN ISOLAT ION 

Three major groups of protein were purified: 
, 

·.:rheumatoid factors; gàmma glob-ulin (IgG); and Clq. 

\' 
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Jo.1 RHEUMATOID F'ACTOR ISOLATION 

7.1.1 POLYCLONAL RHEUMATOID FACTOR (pRF)" 

pRF- was iso1ated from pooled sera of four patients , 

with rheumatoid arthritis which had high titers of RF acti', 
vit Y when a'ssayed by the latex fixation test (LFT). Serum 

was fract10nated by eu-globulin precipitation and the pre-

cipitate, collected by centri.fugation (5,000 x g; 10 mini 
\ 

4°C) was resuspendecf 1n Tris-NaCI buffer containing 0.02% 
" 

NaN
3 

and chromatographed on Bio-Gel A-Sm. Peak tubes çor-

responding to the molecular weight of purified 19M (900,' 

000 daltons) were pooled, concentrated by ultrafiltration 
\~, 

~sing A~icon P-IO membranes (Amicon Corp., Lexington, ~ass.) 

to a final concentration of 7.6 mg/ml, and filtered through 

a 0.22 j.1m fil.ter (Millipore) into sterile vials fo~ storage 

o 
at 4 C. Purity of the isolated pRF was est~blished by 

o ana1ytical gel ,fil tration chromatography (Bio-Gel A-Sm), 

sodium dodecyl sulfat,e-polyacrylamide gel electrophoresis 

(SDS-PAGE; _af ter the method of Weber and Osborne. 1969), 

andf'by immunoelect.ro:phoresis (lEPi as described ::l,n Ouchter

lony and Nilss'on, 1973) using goat anti-human IgM antiserum 

(Hy1and Di~sion, Travenol Laborato,r±es, Costa Mesa, Ca.). 
, l' 

,Results of gel. filtration of isolated pRF (Results 4.1) 

showed a single pe.çJ.k of protein, with an elution volume cor-

.., , 
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responding to IgM. SDS-PAGE showed a single band -o-f pro-

tein with a mo1.ecular weight estimated to be 900,000 da1-
, . 

tons. lEP showed a single pree i p !tin .line c harae teris t ie 

OI IgM. 

7.1.2 kONOCLONAL RHEill1ATOID FACTOR (mRF ) 
og 

• Monoclonal rheumatoid factor was isolated from a 

patient (OG) with rheumatoid arthrit,is and Waldenstrom' s 

macroglobulinemia. Plasma samples from this patient were 

a generous gift of Dr. J. DelCarpio of the RVH. Plasma 

was diluted with three volumes of 0.015 M Tris-0.20 M Na~ 

buffer, ph 7.6, and then fractionated with ammonium sulfate 

at 50% saturation. This precipitate was collected by eentri-
c 

fugation (5,000 x g; 10 min; 4°C). resuspended i~ 

buf fer as bef 0 r e and dlaly zed ag ainst d istilled wa ter. The 

precipita te was resuspended in this buffer, concentrated by 

ultracentrifugation using an Amicon P-lO membrane (Amicon) 

and subj ected to gel filtration on Bio-Gel A-Sm. Protein 

content (OD
280 

0nm) and RF activity (Methods, 6) were meas

ur ed on each frac tion. Frac tions with peak RF ac t i vi ty wi th 

hcat-aggregllted human IgG were pooled, eoncentrated by 

ul t raf1l t ration, and rechromatog raphed on thi s co l umn. 

\ /"1 
~gain, peak activity fractions wère pooled, sterilized'-'by 

,passage through a 0.22 ).lm filter and stored at 4°C at a 

" 
\ -

r· 
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final concentration of 0.7 mg/ml in 0.015 t'I Tris-0.20 M NaCI , , 

buffer, pH 7.6, containing 0.027. NaN
3

. Purity of the iso-

lated mRF 
og 

was established by gel filtration 

SDS-PAGE, and ~EP. Results of gel filtration 

(Bio-Gel A-Sm), 

( R e s'u l t s, 5. 1) , 

showed a single peak of activity with an e1utian volume 

correspond i ng to IgM. SDS-PAGE showed a single band of pro-

tein with a molecular weight estimated ta be 900,000 daltons. 

Immunoelectrophoresis showed a single precipitin arc, cha,r-

acteristic of IgM, when run against goat anti-human IgM 

antiserum (Hyland). 

7.1.3 MONOCLONAL RHEUMATOID FACTOR (mRF mi) 

.. 
A second mo'naclonal rheumatoid factor was isolated, 

hom a' patient (MI) with rheumatoid arthritis and Walden-

strom's macroglobulinemia. mRF
mi 

was is-olated from, plasma 

by euglobulin precipitation followed by gel filtration -

chromatography using Sephadex G-200 (Pharmacia). Fractiona-

tion was done usiog 0.15 M ~cetate buffer, pH 4.5. This 

mRFml wae isolated by C. K.Osterland and was a generous gif t. 

AlI isolated rheumatoid factor preparations were 

• 
centrifuged~at 90,000 x g (75 min; 

o ' 
4 C) in an ultracentri-

fuge and filtered through 0.22 j.1m filters prior to use in 

nephelometric assaye. 

\ , 
, .... 
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7.2 GAMMA GLOBULIN (IgG) ISOLATION 

7.2.1 HUMAN IgG 

Ruman IgG was obtained f'rom the Swiss Red Cross 

('Y-globulin Lv •• S.R.K. 6%, The Swiss Red Cross Transfusion 

Service,- Berne), 
(1) 

Th i s mat e ria 1 wa s c en t r ,1 f u g e d t 0 rem 0 v e 

1 n sol u b le 0 r den a t ux e d l g G (9 0 , 00 0 x g; 7 5 min; 
o 

4 C), then 

sterilized by passag-e through a 0, 22 ~m filter and stored 

o 
at 4 C in buffer containing 0.02% NaN), Thi!1 material was 

the source of human IgG for use as human native IgG CNRGG) 

and for heat-aggregated human IgG (hAHGG). 

7.2.2 RABB~T IgG 

.J 

Healthy rabbits were bled aod IgG isolated from 
/ 

serum by the Cohn-e thano l frac t iona t ion me thod (Deu t s ch 

1967). The Cohn ~.raction II material was lyophilized and 

,resuspended in Tris-NaCl buffer prior to use, at a con-

centration of 75 mg/ml. After resuspension, ,the rabbit IgG 

0' 
was centr1fuged (10,00 x g; 10 min; 4 C) to remove 10s01 .. 

uble or denatured matérial. The soluble IgG was used for the 

production of spdntaneou'sly-aggregated rabbit IgG (sARGC}' 

or glutaraldehydé-aggregated rabbit IgG (gARGG}. 
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A second preparation of rabbit IgG was isolated 

from rabbit serum ob tained from the' Institu t Armand Frap- \ 

pier (Laval, Que.). Serum was fractionated by ammonium 

sulfate (50% saturation), harvested by centrifugation 

(5,000 x gj 10 min; 4°C), and the pr~cipitate resu&pended 

in Tris-NaCI buffer. This material wa!:'t then exhaustively 

dia 1 y z e d a gai n st O. 005 M ph 0 8 P h a t e bu f fer, p ~ 7. 4, and the n 

applied ta a column of DEAE cellulose (after the method of 

l'ahey and' Terry, 1973), Material, not adsorbed to the 

column was pooled after d~termining protein content (absorb-

~... ancy st 280 nm) and cellulose acetate electrophoretic 

mobility. Two pools were obtained as described in the 

Results 'section (1.1.13). 
'v/ 

~' 
These pools were then centrifuged 

(90,00.0 x 8i 75 min; 4°C), ster11ized by 0,22 \Jm pore fil

tration and stored at 40 C in buffer containing 0.02% NaN
3

, 

'" This material was the source of rabbit IgG fot' use as rabb1t 

native IgG (NRGG) or heat-aggregated rabbit IgG (hARGG). 

7.2.3 CHICKEN IgG 

Ch1cken IgG was 1.so1ated from freshly obtained 

ch-icken blood from an abbatoire. After b100d was clotted 

and- serum collected. IgG was isolated by ammonium sulfate 

frac tiona tian. Ammonium sulfate was added' (50% saturation) 

and the resultant ,precipitate harvested by centrifugation 

" 
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o \.,;;" 
(5,000 x g; 10 min; 4 C), resuspended ln Tris-NaC1 bufter, 

exhaustively dialyzed against this buffer and 'then stored 

o 
at 4 C. 

u' 

7.3 ISOLATION OF Cl q 

Clq was Iso lated from human serum by the method 

of Yonemasu and Stroud (1971) with the modifications used 

by Zubler and co-workers (1976). Throughout the isoiation 

procedures, activity was monitored by the latex fixation 

" test and purity estab1ished by the Ouchterlony technique 

COuchterlony and Nilsson, 1973), using rabbit anti-human 

Clq antbserum (Behringwerk Ag, Marburg W. Germany). Isp-

lated Clq was sterilized by filtration through a 0.22 \.lm 

o 
U1ter and stored st 4 C at a final concentration of 1.5 

mg/url in Tris-NaCl buffer containing 0.02% NaN
3

, 

8 AGGREGATION METBODS 

1 

8.1 SPONTANEOUSLY ~GGREGATED RAB1HT IgG (sARGG) 

~ 
Trisr Lyophilized rab~ 1 t IgG -was re suspend ed in 

NaCl buffer at a final concentra t ion of 7 5~'iilg Iml by mix1ng 

o ' 0 
at 22 C fo]: 6 'hours fo1lowed by 18 hours at 4 C. Insoluble 

'\. ... 
mater1al.was removed by centrifugation, (10,000 x 8j 20 min; 

'; 

~ 
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° 4 C) and the rabbit IgG containing aggregates that had 

·formed spontaneously was stored at 4°c at a final ,concen-

tration of 6.0 mg/ml. The sARGG content of this rabbit, 

,IgG was determined by gel filtration chromatography using . 
Bio-Gel A-Sm. Protein con"tent (OD 28Q nm) *nd RF activity 

(Methods, 6) of each frac tion were'measured. sARGG vas 

only used within 7 days of preparation. 

8.2 GLUTARALDEHYDE AGGREGATED RABBIT IgG (gARGG) 

, 
Lyophilized rabbit IgG (described above) was aggre-

, 
,gated vith glutaraldehyde, using a modification of the 

method of Avram.eas and Ternynck (1969). Lyophilized rabbit 

IgG was resuspended in 0.015 M phosphat~ buffer, pH 7.0, 

and was reacted at a final concentration of 20 mg/ml vith 

glutara1dehyde (final concentration 1 mg/ml). This mixture 

was incubated for up to 180 seconds at 2ZoC with vigorous 

stirr ing. Thereafter, ,an equal volume of 2 M e:-amino-n-

caproic acid. or 2 M glycine-HCI, was added to stop the 

reac t ion. After incubat1?n at 22°C for 60 minutes, insolu

ble aggregates were removed by centrifugation (10,000 x g; 

20 min; 4°C). Soluble gARGG was exhaustively dialyzed 

° aga! ns t Tl' is-NaC 1 buff e rand stored at 4 C a t a f ina 1 con-

centration of 2.0 mg/ml. gARGG was used within 2 weeks of 

preparattn. 
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8.3 HEAr-AGGREGATED RABBIT l gG (hARGG) 

, 
Pool II rabbi t IgG from ion':exc hange chroma tography 

of rabbit serum (Results 1.1.13) was centrifuged (90,000 x 

gj 75 min; 4 oC) to remove insoluble and denatured material. 

Rabbit IgG was then heated at ?loC for up to 60 minutes. 

Insoluble material was then removed by centri'fugation 

00,000 li: g; 20 min; 4°C) and the soluble hARGG were stored 

at 4°C at a fina'l concentration of 2,'0 mg/ml. hARGG was 

used within 3 months of preparation. 

8.4 HEAT-AGGREGh.TED HUMAN IgG (hAHGG) 

lft.lllan IgG st, a... ccmce-PtFation .of 20 mg/ml was- centri-

fuged "- ° (90,000 K g; 75 min; 4 C) and soluble IgG then heated 

at 63°C for 40 min. Aggregates were harvested by centri-

fugation (90,000 x g; 30 min; 
a 

4 C) and resuspended in Tris-

NaCI buffer by stirring the aggregates with a spin-bar for 

18 hours at 4°C. Insolubl'~ aggregates were removed by cen-

rifugation (10,000 x g; o 
20 min; 4 C) and the hAHGG, at a 

final concentration of 2.0 mg/ml was stored at 4°c. hAHGG 

was used within 3 months of preparation. 

AlI aggregate preparations were clarified by cen- / 

trifugation (10,000 x g; 20 min; 4°C) prior to use in lneph(e-

10metric a8say9. 

- . 
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8. 5 INSOLUBLE AGGREGATED IgG f 

Insoluble IgG aggregates for absorption studies 

were prepat;ed from human IgG or pool II rabbit IgG (Results 

1.1.13) by heating at 7SoC for 60 min. The insoluble IgG 

aggregates were' separated from the soluble aggregated or 

un a g gr e g a t e d l g G bye en tri ru g a t ion (3. 000 x gr; l 0 min; 4 0 C ) 

and were washed several times with Tris-NaCl buffer, followed 

y further slow speed centrifugation to separate the insolu
,.j 
c 

ble aggregates. The insoluble rabbit and hum an IgG aggre-

gates at a finAl concentration of 2.0 mg/ml were stçred at 

4 0 C •• 

9 RHEUMATOID FACTOR ASSA YS 

9.1 SHEEP CELL AGGLUTINATION TEST (SCAT) 

The SCAT assay for rheumatoid factor act:ivity vas 

carried out according to the 'recommendations of the World 

Health Organization (Mackay and Ritts. H79). In bt:ief. 

Sheep erythrocyteè (SRBC; Institute Armand Frappier, Laval, 
.1 

Que.) were sensitized vith a sub-agglutinating concentration 

of rabbit anti-SRBC antibody (1:4 dilution of last dilution 

of anU-SRBC antibody causing agglutination of red cells; 

Difco Laboratories, Detroit, Michigan). Test, sera vere 

", 
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heat-decomplemented (56
o

C; 
... 

30 IDin) 'and were absorped with 

unsensitized SRBC to remove neterophile antibodies. _ Doubling 

dilu'tions of the absor.ped sera were pipetted into V-bottomed 

microtiter plates and se-nsi.tized SRBC were added. Following 

a incubation' for 18.hours at 4 C, agglutination was visual1y 

det ermined, the SCAT titer -defined as the Iast doubling di-

lu t 10n 0 f serum caus ing def ini te agglu t inat lon of the s ensi-

tiz ed SRBC. 

1 
9.2 LATEX FIXATION TEST (LFT) 

LFT a ssays were d one on micr 0 scope s l'ide s by m ix-

ing 50 Ul of doubling dilutio~s of heat-decomplemented sera 
,# 

with 50 III of huma,n IgG coated latex polystyrene particles 

(Latex-Globulin reagent, Hyland Division, Travenol Labora-

tori.es, Costa Mesa, Ca.). After sw~rling for I minute, 

aggl.utinatlon was visually determined 'and the LFT titer was 

def 1 ned a t the Iast d oubling dilu tian 0 f serum caus iug d ef i-

nite agglutination. 

9.3 NEPBELOMETRIC RHEUMATOID FACTOR AS SAY (NeRF) 

9,3. 1 HYLAND ,LASER NEPHELOMETER PDQ 

" 

( 

1 
/ 
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PRINCIPLE OF USE 
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1 
1 

1 0 

The Hyland laser nephelometer used in these studies 
l ' 

is designed tp measure the light scatter produced by the 
1 

1 

formatio,:l of/antigen-antibody complexes. The measurement 

18 made by passing a laser beam (wavelength 6)2.8 nm) 

throt.!gh a solutÙion containing the reacta.nts (antigen and/or 

anti Qody) and detecting the intensity of the scattered light. 
~ 

wit,h a photomultiplier tu~e (PM tu~e). The amount of l1ght 
\ 

scatt;ered by the complex is proportional to the concentra-

tion of antigen being quantitrat:ed. The p,hotomultiplier r 
" tube 

• 0 
is mounted at such an angle (31 ) as to maximize the 

1igh t scat ter, of the an t igen- anti body complex e s whi le mini

mizing the scatter of the indiviJ~ reacta~ts. Particu1ate 

material such as dust or other foreign contaminants which 

May cause fluctuations in the amount of ligh·t scattered 'are 

excluded from the final measurement by means of an electronic 

d l
n 

screening evice which averag es the igh t sca t ter ove:r a 

pr.ese lec ted compu ting t ime (5 - 90 seconds). In exper iment s 

reported here, a 5 second computing time was used. 

9.3.1.2 QUAN~J.TATION OF LI.GRT SCATTER. 

, \ 

Antigen-anti.body r'eactions a.re ca.r'tied out in glass 

cUvet tes (10 x 75 mm, boroSili~.ate, test tubes 1 F:f:sh.er SCi/~ 

/ 
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/ 
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tific, Dorval, Q'ue.) and light s~attfà i51 re.ported as pér- -

cent relative.light scatter (!!t'RLS). Light scatter is rela-

tive due to the lack of an abs6lute reference stand-ard for 

light scatter •. In the experiments reported here, the ma-

chine was calibrated daily by the. reaction of a stable ref

erence prepara~'1on of isolat ed rhu ema~oid fac t or (pRF) wi th 

heat-aggregated human IgG '(hAHGG). The sensitivity of the 

PM tube i5 determined electronically by adjusting the ampli-

fication of the PM output signal. ControIs for this ampli-. 
I!t 

fication are expressed as sensitïvity settings and aIl re-

sults presented here are corrected to a sensitivity setting 

of 3.3'. Results of experiments are expressed as net light 
" 
scatter (Net LS) which represents the total light scatter 

for a reaction mixture (eg. antigen and antibody mixture) 

less the sum of the light scatter of tpe individual reac'-

tants (eg. àntigen or antlbody done). 
'\ 

9.3.2 NeRF ASSAY 

The RF activity in human serum has beèn measured 

- nephelometrtcally uslng a modification of the method of 

Lamber son, Gilmor e- and Os terland (1977)! 
\ 

• ( 

, 
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9.3.2.1 BASIC NeRF ,ASSAY 

25 Ul of hea.t-decomplemented serum were added to 
r 

" Tl'ls-NaCl buffer or Tris-NaC1 buffer oontaining aggregated 

IgG to give a fil1aI volume of 1.0 ml. For some experiments, 

PEG - was present in the - incuba tion buff er s, usually a t a 

fina-1 concentration of 10 mg/ml (1%), which is specified 

in the Text. Aggregated IgG concentration ia specif ied in 

the experiments t'eported in the Results section (Chapter IV) 

• and was usually at a concentr,ation of 50 ~g/m1. Con troIs 9 

,..._-containing identical concentrations of heat-decomplemented 

-,( serum alone, aggregated IgG alonef~ and buffer alone were 

incubated concomitantly with the test mixture. lncu ba tio,ns 

for the routine assay of RF activity in serum were 60minutes 

at 22°C. Other incubation t:tmes are ~dicated, in the Text. 

Llght scat ter was measured for each test mixture and control 

mixtu,re and the RF activity expressed as thé net light 

scatter (Net tS) sfter subtractiot;l of the light scatt~r ~of 
) 

the individual constituents (serum; aggregates). The light 

scat ter of buUer alone was used t~ zero the nephelometer. 

An examp.-Ie of a typfcal experimental desi.gn and results la 

shown in Table 3.1. 

~ 
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TABLE 3.1 

TYPlCA!. NeRF ASSAY DESIGN· AND RlSUL'rS 

Constituents 

RF alone 
u 

Ag a10ne 

Buf f er alone 

Incubation 
Mixture 

RF-serum 
hAHGG 
Buffer 

RF-serum 
Buffer 

hARGG 
·Buffer 

Buffer 

25 Ul 
25 Ul 

950 }ll 
1000 Ul 

, 

25'ul 
975 }.Il 

1000 ul 

25 ul 
975'}1l 

1000 ul 

1000 Ul 

Typical ts 
(sensitivity 3.3) 

150 

10 

12 

O· 

NeRF Activity (Net L8) = LSRF + Ag - (LSRF + L'SAg + LS.Buffer) 

- 150 - (];() + 12 + 0*) 
~-~ ~ 

- 128 

Ag = NeRF ancigen (eg. bARGe); * Buffer a10ne 'was used ,to zero 
the machine. 

9.3.3.2 ,VAR.IATIONS OF THE NeRF ASSAY 

9.3.3.2.1 NeRF ASSAY OF PURIFIED RREUMATOID FACTORS 

In some exper1ments, RF act1.vity of purified RF 

W4S assayed by subatitut1.ng this material for RF-serum. 

In these experimenta, the basic llIethodo1ogy wU used but 

75. 

thé quantity of RF vaa expruaed as a final concentration 
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(weigl:it /volume) in the incub'a t ion mix ture. The recovery 

of Rl in absorption experiments was quantitated using con-

centra tion-RF ae tiv i ty cu rves. These curves were constructed 

by reacting known concen.t:rations of purified RF with a 

constant concentra,tion of aggregated IgG. T,he RF activity . 
- .. 

of samples of unknown cone entra tians were then quanti ta ted 

<1 • 
.. by reference of these' curves. 

9.3.3.2.2 NeRF A~TIGEN ACTIVITY 

9.3.3.2.2.1 NeRF ANTI'GEN ACTI\7ITY OF AGGREGATED 1 IgG 

The b~sic NeRF assay was used té determine the 

activity of aggregated IgG anti.gens using either purified 

RF, hea t-de,comp lemen t ed RF-serum, or C1q. In these eXp er-' 

1ments, a constant concentration or RF or Clq w'as incubated 

vith antigen at a concentration specified in the Text and 

NeRF acti1rity quantitated. 

9.3.:3.2.2.2 NeRF ANTIGEN ACTIVITY OF NATIVE IgG 

Native rabbit or humàn IgG was substituted for 

aggregated Ige in some experiments. In these experimenes, 
'"0-

the assay conditions were the same as the basic NeRF aassy 
"-

vith the exception that only purif1ed RF was reaeted vith 

. , 
.., 
, 

1. ~ 
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tthe ,native IgG. 

9.3'.3.2.3 
'. 

VARIATIONS ~N' l'NCUBATION TIMES 

" The t i.me course of th~' reae t ion of RF wi th ria t ive' 

or agsregated IgG antigens, was analyzed by measurin'g light 

scattering of incubation mixture.s of RF and anUgen as weIl 

as appropriate controls at specifie time intervals. Experi:" 
, . 

ments could be grouped, according to the length of the time 

. 
in tervals at which light. scat ter 'tIaa measurèd. :r'hese are: 

~ , 

Routin-e AssayS~; Time Course Assays; and Ki'netie Assays. 

9.3.3',2.3.1 RQUTINE ASSAYS 

In routine assays, RF activity," ,was measu~ed as an 

"' 
endpoint analys:l.s, after the reaction between RF and antige,n 

had sta,bL1.ized •. This type of assay was used mainly ~to 
/' . ., , 
~ , 

quantita'te RF activity in RF-serum and was ge~rally ob-
'{ . 

!erv:ed after a constant incubation time of 60 minu t'es, or 

" as /na'ted in' the text. 
, 

Results of the routine assaye were 
, . 

... ta- .. "" .. 
U1ié'a" for compar:1.son with the classical RF tests, the L.FT 
,~ 

, r ~ (.., 

,an<tr SCA't assay.s. 
1 . , 

" , 
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In addition to the end-point type of ~~ùtine NeRF 

assay, time course assays vere done in which Net 15 was 

measüred at· dis'crete time interva1s (10-120 min, as noted 
, . 

. in the Text). Results of ~he time course studies were used 

to characterize antigen ?nd isolated RF preparations, a'a .. 
we~l. as, to deteFm1ne thE: optimal times for end-point 

ana1ysis used' in, the routine assays. 

9 • 3 • 3 • 2 • 3 '. ~ KI NET 1 è A S,S A YS 

,1 The thi rd typ~ of t imed analys is that lia~ "used 

Tlas the kinetic assay in which light s,ca t ter was measured 

continuously from the initiation of the RF-antigen reaetion. 

Thi~ reaction general~y measured during the first 10 minutes 

of the reaetion. In brief, purif'ied RF (final concentration 
. 

50 pg/ml.) was mixed rapidly with a given cOncentration of 

antigen in Tris-NaCl buffer, with or, without PEG as noted 

in the text·, and the NE.! tS re,corded eontinuously' by, a 
, , 

11near pen recorder. The peak rate of resctton of R.F with 

e.ach concentration of antigen was expressed as N,et LS/min, 

and was obtained from the maximum slope .of the individual 

, ..... 
pen recorder tracings. V an~ K values were derived by 

max m . 
graphing the' peak rate for each antigen coneen tratton 
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agains1:, the antigen concentrat:t"o"n used. 
t Il ' 

V is the" asymp-
max 

tote of .the maximum rate obtained and' K 1a the antigen , m 

dnc entra tian 'whi ch prodqced half v.eloci ty (V /2) • 
max 

- ç - ---------

9.3.3.3 8EQUENTIAL NeRF AS8AYS 

Expe.rimen~s ta determine if RF-oati,ve IgG complexes ... 
would bind Clq vere done as follo~s". Rheumatoid fac ta-r was . , 

mixed vith native IgG in a final 1.0 ml volume of Tris-NaCl 
, , 

buffer'containing 2% PEG and this mi:xture 'incubated at room 

" temperature for 30 min .. The~e'after, 25 m~l Clq was added to 

give a final concentratiort of 25 llg/ml. After ge.ntle mix-

111g~ this vaS incubated. at roo~ temperature for 30' min. 

Control incubations of the individua! component_s and their 

c01l1binations vere made s imultaneous 1y' at the same f 1'na1 
-, 

concentrations as in the t.est mixture. 
'~ 

In these experiments, 

the final concentrations of the reactants are detailed in 
\ 

the Resu1ts section., Light scat·t'ering of each incubation 

mixture vas .quantitate..d and Net t8 of the added Clq vas 

calculated. In other exper1ments 200 !Jl of he~t-decomp-

lemen ted serum tha t had no de tectable RF ac t~vi ty, was 

8ubstltuted for the n'ative IgG 1:lsed above. The voluIQ,e of 

buffer used was cor~ec ted ta -,maintain a f i.~al :incubation 

volume of 1.0 ml. !,wo,,:different sera vere used. one 

obta:ined from a be,althy adul.t and a second from an adult 
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~with acquired agammaglobulinemi'à. 

10 ABSORPTION tlTUDIES 

" 

10.1 ABSORPTION O·y RF W!l'H INSOLUBLE AGGREGATED IgG 

" 

,\ 

pRF or mRF at a final co.ncèntratlon of 0.3 mg/ml 

were mixed with 1. 0 gm of the insoluble rabbit or human 

" aggregates in 5.0 ml. Tris-NaC buffer. Samples wère' 'mixed 

at 4°C for 24 hours and the RF-ag~regate complexes we're 

. 0 
re:moved by centrifugation (90,000 x g; 30 min; 4 C). St,lp-

---

/ 
,j 

/ 0 

ernatattts were assayed for remaining' RF àctivity by reacting 

25 III and 100 J,I,l of the supernat,ants with a~fina.l concen: 

tration of 25 and 50 J,lg/ml of hARGG or hAHGG in 1.0 ml Tris
. 'V'l. 

NaCl bufTer:-N.et LS was determined after 60 minutes of 

~ùcubat1'()u. The percent activity remaining was calculated 

by dividing the Net tS of RF remdning in the supernatant 

by the Net LS of the RF incub~tt-ed without insoluble ~g8're-' 

gates. In addition, the concentration of RF remaining in 

the supernatant was quantitated from standard activity-

" concen tra tion curves and expressed as lJg/ml. of RF. 

. " 
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l~ , lq'l' , AB~ORP_TIO~ ,OF _RF ~!TH ,NA';IVE IgG 

l' FIor the.~bsor'ption of RF, n~ti;vè rabbit' or hutnan 
\\ " 

. IgG' lia~' m~xed with a RF in buffers co,ntaining P~G, and - re-

j · .. o .. ~~~· the .UbSeq~:~-~·-;~eciP1tate. by 'centrHugation (13, 

. 0 0 

000 x g; 30 min; 4 C). Purified RF at final concentrations 

1 

of 150 or 300 ug/ml was a bsorbed wi t h 'oati ve IgG a t con-

c~trations spec'ified in the text, us,ing PEG at concentrat1.onS' 

which are a1so indicated in the text. The RF-native IgG 

" 0 ' 
mixture was mixed for 18 hours at 4 C. RF remaining in the 

- 1 

supernatant, after ]!:emoval 'of precipi tates, was quanti tated 

by reacting 100 )lI of the Supernatant with 25 llg hARGG or 

hAHGG for 60 min st room temperature in 1. 0 ml Tris-NaCl 

containing no PEG. RF actlvity and RF" concentration re-

maining in. the supernatan t af t~r absorp'tion were calcula teil 

as previous1y dJcribed (Methods 10.1). In some experi-

ments, the 'precipit~ te was reso1u'bilized,using Tris-NaCl , ' 

buffer, to the original incubat ion vo lume, and RF acti vi ty 

and RF' concentration similarly quanti tated. IgG in the 

supernatants or in the reso1ubi1ized precipitates did not 
~ - ~ .. 

ïnterfere appreciably with the assay .of RF with aggregated 

IgÇ;, since addition of native IgG to control NeRF aasays t 

at concentrations present in the supernatants, changed Net 

LS by 1ess than 16%;' 
;---~-~------- -- . -' 
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11 STATlST+CAL ANAtYSIS 
• ( #' n 

82" 

Data obtained from NeRF assays artd from the SCAT 

and LFTQ asaays were c~mpared using linear regress:!on analy'sfs 

and fitt:ing of regression lines by the lea.st ~squares method . 

Significance limits (p value~) for the correlation'toeffi~ 

cients Cr values) ~ere determined by reference to scien'tific 

tables in Documenta Geigy. 
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-CHAPTER IV 

EXPERIMENTAL PROCEDURES AND RESULTS 

, , , 

1 CONDITIONS FOR NEPHELOMETRIC RHEUMATOID FACTOR . 
AS~AY (N~RF) , 

t. 

-
1.1 'ANTIGEN PREPARATION 

1.1.1 HEAT-AGGREGATION OF HUMAN IgG (hAHGG) 

'In ..order to determine thé relative quantiti,es of 

ag,gregated and unaggr'egated gamma globu1tn in the hAHGQ 
, . 

p'reparation, the materia1 W'aSl 'subj ected 't:0" g'el fil~ration. . , 

When these fractions were reacted with heât~decomplementè'd, 

R,F-canj-ai.ning ,serum (~a,tex titer = 1:10'24), only ma'terial,s 

" 
... e1uting in, the 'VO,bd .,v~lume of the column were, reactive, 

'" '('1 1 .. ~ 

l, • 

Fig. 4.1. Fractions' which e1uted corresponding t/ô an ,esti, 

mated molecular weigl1t of 7S IgG were unreactive in this' 

assay system. 
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FIGURE 4.1 

\ 

. ,. 
GE;"n FILTRATION CHROMATOGRAP-HY OF hAHGG 

. " 
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1.0 ml sumple of heat-aggregated-buman IgG (2.0 mg/ml) was 
chrcnaatogrÏlphed on Bio-Gel A-Sm (O. ~ x 90 cm.) and 1.0 ml 
fractions collected. . Absorban,cy (280 am.) and NeRF anti-
gep activity (Net LS) are illustrated. IgG, elutidn peak 
of native IgG chroniatographed 'separatelYi . Vo ' void volume. , , 
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1. l. 2 TIME C'OURS! OF ~THE REACT ION OF hARGG WI.TR 

KF-CONTAINING SERUM 

, . 
The tiule course of !:-he resc tian of 50 liS. of the 

~ 

human aggregates, with various dilutions of a rheumatoid 

surum is,show~ in 'Fig. 4.2a. The &mount of 11ght seatter 

inçreased witli the time of incubatio'n and at 60 minutes the 

re action reae hed a pla tèau phas e and was cons tant ror 60 

mi.nute~ thereafter. Similar results were obtaioed when a' 

,constant amount of serum was reacted with various concen-. 
trations of t,he aggregated human IgG, Fig. 4. 2b. When 

these' results are p10tted st the plateau time reaehed at 60 

minutes, the amount of liSht scatter obtained Is' dependent 

qn both t'he amount of RF-containing serum added as weIl as 
, 
the concentration of the a?tigen, hAHGG, used, F~g. 4.2c ' 

, , 

1.1.3 SPONTANEOUS: AGGREGATION OF LYOPHI~IZED RABBlt 

IgG UPON RESOLUBILIZATION '(sA'RGG) 

.. 

Raving established the condi tians for .the, nephelo-

• 
metric measurelDent of RF in serum using he\t-aggregated 

h,!1Dan IgG as the antigen, oùr attention focused on the 
'0 

aggregation of rabbit IgG. Resolubllization of lyophllized 

rabbit IgG resulted in _the f orm. tion of apontaneou s aggre~ 

,gates whicb were fractionated on BioGel ASm •• Fig. 4.3.,ull-

j 
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FIGURE 4.2 

" ~ TDm "'COURSE FOR THE REACTION ~ OF RF-SERUMWITH bARGe 

100 <a) RF-Serum -.Added (lJÙml> 
r • 

(h') hAHGG Added (}lg/m ,i 
. i 

_t�t------4 •• 25.0 ..... 
,80 tn 
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Time (min) 

, tt-Serum Àdded ()Jg/ml) 
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QI 
:z; - 60 è 
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'. 12.5 
"'" ,/ 

6.25 
.\ 

3.13 

ô,~~~--~----~~----------~ o 6.25 12.5 , 25.0 50.0 

hABGG Concentration (Ug/ml) 
i, 

Heat,-~ggre8ated humati IgG wu reacted with 'RF-serum (LFT l: 1024) in l.Q 
'û Tria-NaCl buffer containing 1% PEG and Net LS determined as indicated -
, Ca; b) or after 60 min incubation (c). bAHGG (50 Ug/ml) ~~s reacted with 
RF-serum at the concentrations ind1cated' (a); serum (25 lü/ml) was reac
ted w1~h hAHGG at the concentrations indicated (h); or bARGG at the con
ceutrations lndicated was reacted wltb different cpncentration~ of RF
serum' (c) • 
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like the buman aggregates, it was apparent from the elution 

profile that onl~ a small amount of the rabbit IgG was 
. .1" -

aggr.egated ,yielding a small void peak. Aggregates vith 

-molecular v,eights of less than 5 x 106 daltons and greater 

than a 7s IgG Molecule (160,000 daltons) vere also obtalned. 

~Vhen the fractio~s vere tested for NeRF antigen activity, 

,t'he majority of the activity was recovered in the void vol-

ume. The fractionated sARGG vas pooled into six fractions 

for further analysis. 

1.1'.4 Ne,RF ANTIGEN ACTIVITY OF FRACTIONATED sARGG 

The aix pooled fractions, labelled I-VI, vere 

assayed for 'prote~.n content a'nd adjusted to have a concen
r 

,~ration of 2.0 mg/ml. The fractions were then assayed in 

the nephelometer for reactivity vith a heat-decomplemented 

RF-seru~. The results of this experiment are summarizid in 

Table 4.l~ Fraction 1 contaiqed the Most NeRF antigen ac-

~~vit~~while fraction II had only half of this activity and 

~he r~ma~ning fractions c~ntained almost no açtivity. Re

,chroaatogr_phy of fractio~ 1 showed it contained aggregates, 
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GEL FILTRATION CHROMATOGRAPHY OF sARGG 

v· 
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88 . 

12 16 20 24 28 32 36 40 44 48 52 

Fractlon Number 

, 
1.0 ml s~ple of spontaneously aggregated rabbit 
19G (e) (6.0 mg/ml) WaS chromatographed on B1o
Gel A-Sm (2.5 x, 48 cm) and 3,.0 ml fractions col
lected. 1.0 'Dli sample of isolated Fraction l ag- ' 
gregates (0) (2.0 mg./ml.) weJ:e chromatographed 
seperately. IgG, elution velume of natiVe IgG; 
V 0' void volume. 
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TABLE 4.1 
, 1 

NeRG ANTIGEN ACTIVITY OF POOLED FRACTIONS OF sARGG 

Pool Fraction Nos. NeRF Activity 
(unfractionated = 100%) 

l 16 - 20 110i. 

II 21- 26 527-

III 27 - 31 6% 

IV 32 - 38 27-

V 39 - 45 17-

VI 46 - 52 1% 

Fractions fram gel filtration of sARGG on BioGe1 A5m were .., 
poo1ed and adjusted to a final concentration of 50 j..Ig/m1 
when assayed with a RF-containing serum for NeRF antigen 
activity. Activity was expressed as a percent of unfrac
tionated sARGG assayed at a concentration of 150 j..Ig/ml. 

1.1.5 COMPARISON OF NeRF VALUES OBTAINED WITH 

UNFRACTIONATED sARGG AND FRACTION l sARGG 

89. 

Fraction l aggregates and the unfractionated sARGG 

wer~ compared by assaying 24 heat-decômp1emented RF-sera 

with each of these antigens. Except for differences in the 

NeRP antigen concentrations used (Fraction I, 50 j..Ig/ml; un-

fractionated sARGG, 150 j..Ig/ml), the two rabbit antige~ 

preparations gave simi1ar nephelometric results. The r-

value of O.8l was sitnificant (p <0.001) and the re1ation-

ship ~as 1inear. The Fraction l agsregates vere not stable 

for more than three days and tended to become -J.nsolub1e 

after this time rendering them too troubleso~e to prepare 
) 

~ and use reliably. The unfractionated sARGG could be formed 
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~uite simply and new batches could be made with reasonable 

reproducibility when needed. The unfractionated ~onta~ 

neous rabbit argregates were used for further studies~ 

I.l.6 TIME COURSE OF THE REACTION OF sARGG WlTH 

RF-CONTAlNlNG SERUM 

The results of the time course study of the nephe-

lometric reaction between a constant amount of serum and 

various concentrations of either sARGG or hAHGG is shown in 

Fig. 4.4. For both antigens there.was a concentration-

dependent increase in the reaction. With sARGG, there was 

an initial in~rease in light scattering but after 30 minutes 

there was a decrease. while the reactio~ with hAHGG pla-

teaued and remained stable throughout the incubation period. 

lt was possible however to compare the reaction of RF with 

these two,antigens after 30 minutes of incubation. The 

spontaneously aggregated rabbit aggregates tended to be

come insoluble with extended storage and failed to'produce 

a plateau unlike their human ~ounterpart. In order to ful-

fill the ~eed for more reliable preparations of soluble 

aggregated rabbit IgG alternative methods of aggregation 

were investigated. 

) 

D 

.. , 
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FIGURE '4.4 

TIME COURSE OF THE REACTION OF RF-SERUM 

WITH sARGG AND WITH hAHGG 

80 
sARGG Added (~g/ml) hAHGG Added (ug/ml) 
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20 37.50 "'12.5 
18.75 

6.25 

0 

0 30 60 120 0 30 60 120 

Tiale (min) Time (min.) 

Heat-decomplemented RF-serum (LFT 1:1024; final concentration 
<il 25 ul/ml was reacted with various concentrations of sARGG and 

" hAHGG in 1.0 ml Tris-NaC1 buffer containing 1.0% PEG. Net LB 
was measured after the incubation times as indicated. 
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1.1. 7 ALTERNATIVE METBODS OF RABBIT IgG AGGREGAtION 

Although the literature mentions that rabbit IgG 
. 

may be aggregated by heating at 7I oe., it was found that 

the lyophilized and resuspended rabbit ISG did not form ' 

soluble aggregates upon heating. Aggregation vith ethyl-

chloroformate (lIter and Turner, 1973) also produced in-

soluble aggregates. By decreaiing the concentration of 

glutaraldehyde and the incubation time before addition of 

the amino-group donor ta stop the ~eaction, a modifiéd 

method of glutaraIdehyde aggregation (Avrameas and Ternynck, 

1969) produced soluble rabbit aggregates~ 

1.1. ~ CONDITIONS FOR GLUTARALDEBYDE AGGREGATION OF 
\ 

RABBIT IgG (gARGG) 

\ 
\ 

. 
Thé final concentrations of 0.1% glutaraldehyde and 

2.0% rabbi t IgG vere used snd the reac tian vas carrie'd ou t 

in Tris-NaCl buffer, ph 7.4. As the length of the incuba-' 

"-
tion period appeared to be a determining factor in the 

glutaraldehyde cross-1inking of free amino groups on th~ 

rabbtt IgG moleeules~ experiments vere done using incubation 

time~ of 30, 60 and 180 seconds. A further consideràtion 

was the cho1ee of amino-donor used to stop the reaction. 

The results of these experimenta are i11uatrated in Tàble 

4.2. 
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TABLE 4.2 

C' 1 

CONDITIONS FOR GLUTARALDEHYDE AGGREGATION OF RABBIT IgG 

Incubation Time 
(sec. ) 

30 

30 

30 

60 

Amino
Donor 

Glycine 
n 

EACA 

" 

.. 
'\ 

Centrifugation NeRF Ac ti vi ty 

g Time (sARGG • 100%) .' 
(min. ) 

10,000 10 15% 

10,000 30 3% 

10,000 10 176% 
" uncentrifuged 311% 

f· 

"" 
~ 

60 " 10,000 10 . 300% 

180 " 10,000 10 220% 

Rabbit IgG was reacted with glutaraldehyde for the ttmes specified' 
and the reaction terminated with the amino - donpr indicated , after 
whiçh Insoluble materia1 was rem.oved by centrifugation. The aggre
gatesAWere then assayed at a final concentration of 50 ~g/ml, using 
an RF-serum (LFT 1:1024), and their activity expressed a~a percent 
of the activ1ty of sARGe, assayed at the same final concentration. 

Glycine was found to be unsuitab1e as an amine 
. 

group donor because the aggregates formed were insoluble. 

When €-amino-n-caproic acid (EACA) was used, however, the 

aggregates remained soluble and it was possible to deter-

mine the optimal incubation period. 60 seconds of incu-

bat ion followed by the addition of EACA "to stop the reac-

• ti~n gave an in~rease of 300% in NeRF antigen activity with 

a RP-containing serum over the Net LS value obtained with 

the aame concentration of sARGG. 

"'. 
( 

.~ 
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/' 



( 

, J 

1.1.9 COMPARISON 8F NeRF ANTIGEN ACTIyI~Y OF 

sARGG vs gARGG 

" " 

.' 

'The Net LS values for 29 RF-containing sera ob-

94. 

tai/ned wi th sARGG and gARGG are compared in Fig. 4.? The 

g'lutaraldehyde aggregates reacted in a" simi1ar fash:1:oA as 

the spontaneous aggregates and a linear re1ationship was 
~ 

fo.und (r -0.94; p ~O.OOl) 

1.1.10 TIME COURSE OF THE REACTION OF gARGG WITH 

RF-CONTAINING SERUM 

In addition to the similar reactivity o~ the g1u

tara1dehyde and s?ontaneous rabbit aggregates, i11ustrated 

in iig. 4.5, and the Increased &tabi1ity of the gARGG re-

agent, the time course of the reaction of the glutaralde

hyde aggregates ~ith a RF-containi~g seru~ was similar ta 

that"obtained with hAHGG. In Fig. 4.6, the time course for 

the nephe1ometr1e reaet10n of a RF-serum with either gARGG 

or hAHGG ~re compared. The g1utara1dehyde aggregates'were 

Lound to reaet in a slmilar manner to the h~man aggregates. 

the gARGG r,eaction p1ateaued and remained stable, differing 

from the sARGG reaction whieh demonstrated a decrease in 

net light scat ter after 30 minutes of incubation. 

j' 
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. FIGURE 4.5 

'\ 
COMPARISON BETWEEN NeRF ACTIVITY OBTAINED 

WITH gARGG AND WITH sARGG 

80 

60 

40 

20 
~ 

o~----.......... ~--..... --..... ~ ..... --..... ~~--..... --~ 
o 20 40 60 r 80 

gARGG NeRF Activity (Net LS) 

• • ! 
Net LS values for the nephelometric reaction of 
29 heat-decomplemented RF-sera with gARGG and 
with sARGG were compared by linear regression 
analysis. Data obt~ined were: equation of the 
regression !ine, Y = 0.81 X + 5.25; r = 0.94; 
p <O.OO~ • 

95. 
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FIGURE 4.6 

TIME COURSE OF THE REACTION OF RF-SERUM 

WITH gARGG AND WITH hAHGG 

gARGG Added (u&/ml) hAHGG Added (ug/ml) 

.50:0 

50.0 

25.0 

25.0 

12.5 12.5 

6.25 6.25 

o 30 60 120 o 30 60 120 ' 

Time (min) Time (min) 

Heat-deC9mplemented RF-serum (LFT'I:1024; final concentration 
25 ul/ml was reacted with various concentrations of gARGG and 
hABGG in 1.0 ml Tris-NaCl buffer containing 1.0% PEG. Net tS' 
was ~easured after the incubation times as indicated. 
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1.1.11 REPRODUCIBILITY or AGGREGATE ·PREPARATIONS 

An important consideration in developing an antigen 

for use in the NeRF assay 1s that new preparations must re-

hct in a manner indistinguishable from previous batches. 

New preparations of gARGG were shown to react 1n a sim1lar 
~ 

fashion as oider preparations when identicai concentrations 

of bath two week old ~nd freshly prepared gARGG were tested 

in ~he NeRF assay with 15 RF-containing sera. In this ex-

periment a regression coefficient of r ;0.99 (p <0.001) 
-;::,. 

emphasized the reprqducibi1ity of glutaraldehyde aggregate 

preparation. 

1.1.12 WITHIN-RUN REPRODUCIBILITY OF gARGG AND hARGG 

Within-run reproducibility was used to charac~eri~e 

"" the gARGG and the results of quadruplicate tests of four _ 

diffe~rent' RF-sera are summarized in Table 4.3. From t.hese 

data, the coefficients of variation for the NeRr assays with 

the rabbit and" human a~tigens are 3.3% ± 0.3% (X ± S.D.) ~nd 

4.3% ± 1.6% respective1y. Wit~ the'preparation of the glu-

~araldehyde-aggregated rabbit IgG? we ~ad produced an anti

gen which reacted quantitat~vely and quaiitatively sim~lar . 
to a homo1ogous preparation of human aggregated IgG in the 

NeRF aasay. Preparation of heat aggr,egated rabbit gamma 

l , 

" 

---..,_"--"0-__ ,., __ ......... ~O-~,_ ............ ~_ . 
• 
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comparati~e studies. As the 1yophi1ized rabbit gamma 

globu1in was unsuitab1e for these experiments, rabbit IgG 

vas iso1ated from rabbit serum. 

. TABLE 4.3 
/ 

-
WITHIN-RUN REPRODUCIBILITY OF gARGG AND hAHGG ANTIGENS 

Antigen S.erum 1 ""1 Serum 2 Serum 3 Ser1llD 4 

gARGG 81.5 ± 0.7* 35,,5 ± 0.3 65.6 ± 0.5 82.4 ± 0.7 

hA}IGG 75.1 ± 0.7 41.5 ± Q.6 64.7 ± 0.4 88.8 ± 1.2 

ft AIl figures given are Net L8 ± S. E.M. for quadrup1icate assays. 

1.1.13 ION-EXCH~~GE CHROMATOGRAPHY OF RABBIT SERUM 

The results of DEAE-cel1ulose .chromatography 

rabbit serum are shown in Fig. 4.7. 
(, 

4! 

re1ative1y c1ear in appeara~ce whi1e 

were turbid, conta1ning a 1ipid materia1 •. E1ect.~phqresis 

of fractions 28, 3à, 51 and 60 showed tubes 28 and 38 con-

tained protein with y mobi1ity. Fraction 51 contained mate-

rial of predomlnant1y y mobi1ity whereaa fraétion 60 con-

talned predominantly B mobi1ity materia1. Fractions 24 to 

32, whfch were not turbid, were pooled (Pool 1) and frac-

, . 
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ION-E;XCHANGE CHROMATOORAPHY OF RABBIT SERUM 
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"Electrophoretic-Mobility 

'Y 'Y ,'Y-fJ fJ 

l 

!\ • • 
• 
• , 

• • 
• 
• • 

• • 
• 
• 
• 
• 
• • 
• \ 

l 

• 

• 
• 

., ,. 
• 
• • 

, 
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20 30 40 50 60 70 80 90 

Fraction Nqmber 

Rabbit serum ~~ sUDjected to 50% ammonium sulfate 
fractionatiQn~n~eCipitate harvested by centri
fugation (5,000 x gt 10 min.; 4oC.)-and resuspended 
in Tris - NaCI buffer. The resuspended precipitate 
was dialyzed ehaustively agairlst O.OQi M phosphate 
buffer, pH 7.4, and 200 ml cbromatographed on DÈAE-

" cellulose: equllibrated witb this buffer. 5.0 ml. 
fr.actions of the material not adsorbed to' the col
umn were collected~ Absorbancy (280 am) and cellu
lose acetate electropboretlc mobility of the frac-

" , , .>,,) -'" tions are illustrated. ~" " 
l' '\':1, t. , 

_ .. ~ .~_:"':_5~.~_ ,. ~'"-~~.-_____ ; __ ~ 
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tions 33 to 44, vhich were turbid, were pooled ~Pool II). 
r. 

, 
1.1.14 FRACTIONATION OF POOLS l & II BY GEL FILTRATION 

Pools l and II from the ion-exchange chromatography 

of rabbit serum were fractionated on BioGel ASm. ~Pool l 

e~uted as a sinsle peak ~ontaining 98% of the protein chro~ 

matographed.' The elution ~olume of this p~ak corresponded 

ta that of purified 75 IgG. Pool II, however, ~howed con
J 

CI / 

tamination with a high molecular weight substance which was 
Jo 

turbid, presumably a lipid, accounting for the marked tur-

bidi'ty,of this pool. 'Uhis peak eluted near the.void volume 
"-

and accounted for 22% of the pool II materi~l chromato-

graphed. 

;:. 
.) L 

1.1.15 DELIPIDATION OF RABB!T IgG, POOL II 
y, 

~ool II was delipidated by freon-treatment aud was 

no longer turbid. ,~ When the delipidated rabbit IgG pool 

was chromatographed on BioGe! A5m, tbe material elut n~ 

near the "void was reduced by 73% çompared with non-d~lipi..,.... 
dated pool II: 

~ 

~ 

The remainder of the delipidated pool II 

'IgG, (93%) eluted at the sam~ pos~tlon as ~urlfied 75 IgG. 
• 
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1.1.16 BEAT AGGREGATION OF RABBIT IgG (hARGG) 

Rabbit IgG was aggregated by heating at 7loC. 

101. 

With increasing incubation at 7l o C., the percent of delipi-

( 

dated pool II IgG wh1ch aggregated, 1ncreased as shawn in 

table 4.4. This increawe was quan tita ted by gel fil traJ: ion 

(BioGel A5m) and materiaY eluting as aggregated and 'an un-

aggrègated IgG was measured. Pool l when incubated a,t 7loC, 

formed insoluble aggregates urtlike pool II IgG. Incubation 

of pool II ~abbit IgG for 30 minutes at 71~C. un1formly '. ' 

produced aggrega tes useful for nep helome t roy and was used 
, 

for preparation of hARGG. 

TABLE 4.4 

EFFECT OF HEATING WBIT IgG AT 710 C. 
'. 

Incubation Aggregated Unaggregated 
Ume IgG IgG 

(min. ) (X of Total) (% of Total) 

v 0 6% 94% 
10 23% 71% 
30 44% 56% 
60 61% 39% 

• 

, . 
l 
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1.1. 17 rIME COURSE OF THE REACTION OF hARGG WITH 

RF-CONTAINING SERUM 

The time Course for the reactions of a RF-serum 

with varying amounts of hARGG or hAHGG i5 il1uStrated in 

Fig. 4.8. Each antigen showed the same profile which 18 

characterized by a concentration-dependent increase in 

light ,scattering with time, an eventual stabilization of 

the reaction and virtually indistinguishable reactions with 

1'00 

'"' CI) 

H 

4.l 
CI.I :z. ..... 
>. 

50 4.l 
...t 
> ...t .., 
U 
< 
fi! 
~ :z. 

0 
0 30 

FIGURE 4.8 

TIME COURSE OF THE REACTION OF RF-SERUM 

WITH hARGG AND lUTH nAHGG 

hARGG ADDED (lJg/m1) 

~ __ ----a 50.0 

25.0 

12.5 

6.25 

60 90 li. 
rime (min) 

0 

hAHGG ADDED (Ilg/ml) 

"..---i....------e 50.0 

~~--~--------~.25.0 

,..---.ot ..... - __ ...... 12.5 

~ .... _ ... ----. 6.25 

30 60 90 120 

Time (min) 

Heat-decomplemented RF-serum (LFT 1:1024) was reacted with various 
èoncentrations .of bARGG and bARGe. Net LS was measured after' the 
incubatfon tlmes as indicated. 

• 
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the same serum. 

1.1.18 REACTION OF CHICKEN IgG WITH RF-SERUM 

, 
Chicken IgG which had been aggregated by brief 

exposure to heating at 63 0 C was mixed at a final concen-

tration of 50 jJg/ml with 20 III of heat-decon.plemented RF-

serum in 1.0 ml Tris-NaCl buffe\r containing 1.0% PEG. The 
, 

reaction of aggregated chicken IgG was found to be negligible 

when compared to the reac t ion 0 f hAHGG wH h RF- sera af ter 

60 minutes of incubation. Net LS values for the NeRF reac-

t ion of chic ken IgG wi th 18 RF- sera a verag ed 0.1 ± 1. 6 

(X ± SD) whi1e these same sera reacted with hAHGG gave an 

average Net LS value of 41.7 ± 29-.5. 

1. 2 ASSAY CONDITIONS 

As ,he optimal incubation times and antigen concen-

trations had been established during the time course studies, 

buffer conditions for the NeRF assay were investigated. 

1.2.1 EFFECT OF POLYETHYLENE GLYCOL (PEG) 

~n the previous experiments to establish the anti-

gen concentrations and incubation times, polyethylene gly-

col (1.0% ",Iv) had been used as a complexing aid (after 

) 
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, 
Lamberson et al., 1977). Although incubation of aggregated 

IgG with RF-çontaining serum results in an increase in 

light scatter in the absence of PEG, the addition of PEG 

results in the enhancement of the light scatter obtained. 

The effect of various concentrations of PEG (MW - 6000) on 

the reaction of rabbit aggregates with an RF-serum i8 shown 

in Fig. "4.9. Similar results were found with the human 

aggregates (data not shown). PEG concentrations between 

0.25 and 1.0% resulted in an increase in net 1ight scatter-

ing which was dependent upon the amount of PEG inc1uded in 

the reaction buffer. A~ concentrations of polyethylene 

gl-ycol in excess of 1.0%, the Net tS decreased as a result 

of the massive increase in aggregate LS and subsequent 

format ion of visible comp lexes which erra t i cally scat tered 

light. 1.0% PEG included in the reaction buffer resulted 

in a 79% enhanèement of net light scattering without sub-

stantial1y increasing aggregate LS, and as a result, this 

concentration of PEG was used in routine assays for 

testing serum. 

1.2.2. EFFECT OF pH 

'The effect of pH on the 1~RF assay resul ts 1s. 

/ 
shown in Fig. 4.10. The reaction between'a RF-serum and 

hARGG ie maximal over th~ pH range 7.0 - 10.0. 

1 
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FIGURE 4.9 

EFFECT OF PEG ON NeRF ACTIVITY 

LS RF bARGG 

'7 

... .0.. .... LS hARGG 
". .. ~ _.0-

"Q 
" 

.. 
, , 

b Net LS 

tS RF-Serum 

1 

0 0.5 ."~ 1.0 1.5 2.0 

PEG Concentration (%) 

Heat-decomplemented RF-serum was reac ~ed wi th bARGG in 
Tris-NaCl buffer contain1ng no PEG or various concen
trations of PEG as indicated. Light scatter of the in
dividusl reactants, as well as Net LS were determined 
after 60 minutes of incubation. Final concentrations 
of reactants in 1 ml buffer were: RF-serum, 25 J,l1/ml; 
hARGG 50 'Ils/ml. 
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FIGURE 4.10 

EFFECT OF pH ON NeRF ACTIVITY 
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Beat-decomp1emented RF-serum was reacted' 
with bARGG in Tris-NaC1 buffer contain
lng 1. 0% PEG, pH as· iudicated. Net LS 
was measured after 60 minutes of incuba
tion. Final concentrations of reactants 
1n 1;0 ml buffer were: serum, 25 lJ1./ml; 

" bARGe!. 50 ~g/ml. 
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1.2.3 EFFECT OF N aCl CONCENTRATION 

. A concentration of 0.015 M NaCl was found ta be op-

timal for the deteetion of RF by hARGG, Fig. 4.11. Since 

IgM is generally ,r-egarded ta be a euglobulin, the possi-

b ili ty 0 f 10 s s of RF due t 0 low ioni c strength bu f fer s was 

avoided by using buffers containing isotonie saline concen-

trations (0.15 M NaCl). The effect of decreasing concen-

trations of NaCl less thanl 0.15 M on the soluhility of rheu-

matoid factor is shawn in "T'able 4.5. The serum used for 

TABLE 4.5 

SOLUBILITY OF RF IN LOW IONIC STRENGTH BUFFERS 

NaCl Concentration NeRF Activity 
(M) (undialyzed = 100%) 

Supernatant Pellet 
1> 

0.150 99% 0% 

0.100 75% 13% 

0.050 13% 50% 

0.010 5% 68% 

0.005 5% 72% 

F01l~wing exhaustive dialysts of RF-containing 
'serum agai.nst Tris .. NaCl buffer (NaCI concentra 
tian as indicated), the samples were cent'flllfu
ged and' the pellets resuspended tn Tris ... NaCl 
buffer (0.15 M NaCI) to origina1 volume. S~per 
natants and pel1ets were assayed for NeRF acti 

\ vit y and results were expressed as percent of 
undialyzed activity. 
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this study showed a striking decrease in so1.ubility.of RF, 

as evidenced by its precipitation upon centrifugation, in 

buffers c,it!-tainlng less than 0.15 M"iNaCl. For routine 

testing. the following buffer conditions were used: NaCl, 
, 

O. 1. 5 M; Tl' i s • 0 • 015 M; Pol Y e·t h y 1 en e g 1 Y col, 1 ; 0; w / v; p h 7. 4 . 
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FIGURE 4.11 

EFFECT OF NaCl CON(.ENTRATION 

ON NeRF ACTIVITY 

12Q 
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o 
1. 0 2.0 3.0 4.0 

~aCl Concentration (M) 

"5.0/ 
/ 

Beat-decomplemented RF-serum was reacted with 
bARGG in Tris"NaCl buffera containing 1% PÈG, 
MaCl concentration as indicated. Net LS was 
llÏeasured after 60 minutes of incubation. Fi
nal concentrations of reactants were: serum. 
25 lli/ml; bARGG, 50 ).lS/ml. 
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1. 2.4 EFFECT OF FREON-TREATMENT OF SERUM SAMPLES 

Lipid in serum samples can interfere with nephe1o-

me tric as says due to the background 1 ight sc a t ter of 

1ipids. 36 RF-sera were tested in the NeRF assay before 

and after delepidation wi th Freon-I2. Freon trea 1;ment was 

found to have no effect on the Net LS of these sera, when 

assaye.d before and after delipidation (correlation co-

efficiept = 0.95; p < 0.001). Serum LS, however, decreased 

from 50.4 ± 15.3 (X ± 5.0.) to 4.5;!: 1.6 for these sera. 

As a result, de1ipid a tion was p erformed rou t inely on samples 

which were visual1y 1ipemic. Freon treatmen t of these sera 

decreased their background scatter and a110wed aIl samples 

to be tested at the same sens1tivity settings in the nephe-

lome ter and elimtra t ed the need to change the se t t ings for 
j 

individual samples during batch testing. 
i;\ 

2 COMPARATIVE STUDIES OF RF ACTIVITY IN RUMAN SERA AS 

DETERMINED BY THE CLASS ICAL METHODS AND BY NeRF 

ASSAY 

Comparative stud:f.es have beeu done using the sheep 
\ 

cell aggluJtination test. the latex fixation test and the 

nephelometric RF assay with both rabb:f.t and human antigens. 

Da ta have already been presented which show the s imi1ar 

\ 
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NeRF reactivity between the sARGG and',gARGG antigens with 

29 RF-sera (Sect. 1.1.9; Fig. 4~5). 

2.1 sARGG AND hAHGG vs LFT 
1 

Latex tit;xs of 6-7 heat-decomp1emented s~a were 

measured concommi tan t ly wi th NeRF ass ay s. us i ng sARGG and 

110. 

hARGG. The Net LS values obt~ined ,sin g sARGG and hAHGG 

are compared with the latex titers for these sera in Figs. 

4.12a, 4.12b and 4.13. L ogz val u es for the 1 a tex. t i ter s 

were used to trànsform curvi1inear data to 1inear for re-

gr~ssion analysis. This 1s illustrated by comparing Fig. 

4.12a with Fig. 4.12b. Linear relationships were observed 

with correlations of r ::; 0.93 and 0.88 obtained when the 

Ne.R F v ~ lue 5 for the r a-b bit a n cl hum a n an t i g e n 5 r e 5 pee ti v e 1 y 

were compared with the 10g2 values fO,r the latex titers. 

Sera with LFT titers less than 1: 32 have been designated . 
here as serojlegative. From the comparison experiments it 

• 
~ 

has been possible to estab1is'h seronegativity with each of 

the. NeRF assays. This has been <!-one by estab lishing the 

Net L5 value for a given NeRF assay at which the 1inear 

B 
regression line in,ters ec ts the LFT ti ter of' 1: 32, Thus 

in Fig, 4.12 , sARGG vs LFT, sera with Net LS 1ess than 6 
~ 

are defined as seronegative. 

• 



Fig. 4.12. 67 heat-decomplemented sera wete tested for 
RF-activity with the LFT assay and with the NeRF assay 
using spontaneously-aggregated rabbit IgG. Upper figure 
(a): curvilinear relationship obtained when LFT titers 
are plotted as linear values; Iower figure (b): linear 
relationship obtained when LFT titers are plotted as 
10g2 values. LOg2 values for the LFT titers and the ~or
responding Nef tS values were compared by linear regres 
sion analysis. Data obtà1ned were: regression line equ
ation, Y = 8.3 log2X-36.O; r = 0.93; p <0.001. Figures 
in parentheses refer to number of samples tested. Arrow 
designatel:l seronegative limit (LFT 1:32) for 'SARGG in 
this comparison (Net LS = 6). 
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COMPARISON OF sARGG NeRF ACTIV!TY WITH LFT TITER 
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FIGURE 4.13 

COMPARISON OF hAHGG NeRF ACTIVITY 

WITH LFT TIIER 

(5) (4) (13) (22) (12) (10) 

• 

4 5 6 7 8 9 

Reciprocal LFT Titer (10g
2

) 

67 heat-decomplemented sera were tes.ted 
for RF-activity with the LFT assay and 
with the NeRF aasay using heat-aggreg~
ted human IgG. L082 val-ues for the LFT 
titers and the corresponding Net LS va-! 
ues were compared by linear regression 
analysis. Data obtained were: regres .. 
sion line equa tion, y .. 8.8 log2X - 34.8; 
r = 0.88; p <0.001. Figures in paren
thesis refer --to number of sera tested. 
Arrow designates seronegative value for 
hAHGG in this comparison (Net L5 = 9). 
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2. 2 sARGG vs hAHGG 

Reac t ions wi th 'SARGG and hAHGG were 

the NeRF assay using thes e 67 sera. 'These r e 

shown in' Fig. 4.14. A linear relationship lofas found, 

(r = 0.80; p <O.OOlJ and the regression Une intercepted the 

l hABGG axis at a Net LS va1ue of 9.6. ~lY seronega Uve 

samples, as de1ineate:d by the seron'e~ive limiits for each 

an tigen, failed to react wi th one or the other an tigen • 
.;l 

2.3 SCAT vs LFT 

,The next set of data were ob tained from compara-

tive studies using the sheep cell agglutination test and 

the latex fixation test. Results of the SCAT and LVT are 

compared in Fig. 4.15 for a group'of 29 RF, sera. Three 

, ê 
sera we,re found wbich differed in titer by two dilutions 

while the rest of the sera ~ere"found tO differ by on~ di

luti.on of had the same titer. An r value of 0.89 was found 

and the relat1onsh1p was linear. Further evidence that' 

freon-treatlllent of 'sera' d'id not affect rheumatoid factor 
\ ~). . 

act:tvity ~as demonstrated when 12 RF-sera were ~ssayed fer 

SCAT and LFt activity before and after freon-treatment • • 
o 

\Only one sera gave a different. titer after delipidation 'With , 
~ 

freon and this was only a one doubling dilution decrease in 

/ 

i' 
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FIGURE 4.14 

COMPARISON BETWEEN Ne~F ACTIVITY bBTAINED 

WlTH sÀRGG AND'WITH hAHGG 

20 

• ,. 

• 

40 

• 

60 

sARGG NeRF Acti'~itY (Net L5) 

80 

Net LS values for the nephe10metric reaction of 
67 heat-décO'lllplemented RF-sera with ~ARGG and 

,with hAHGG were .compared by linear regression 
analysis. Data obtained were: regression line 
equation, Y = 0.71 X + 9.6; r· 0.80; p <O.OOI. 
Hatched lines de1ineate seronegative limits as 
determined fram Fiss. 4.12 and 4.13. 
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FIGURE 4.15 

• 

èOMPARISON SETWEEN TITERS OBTAINED 

wrrH THE LFT ASSAY AND WITH THE SCAT ASSAY 

2 

3 2/ 
"/ 

1 1 1 

1 

2 1 1 

/ 
~3 

\ 

4 5 6 7 8 9 10 

Reciprccal SCAT t1ter (log2) 

1 

29 heat-decomplemented sera were tested for 
RF-actlvity with the LFT asssy and with the 
SCAT sssay. LOg2 values for the LFT and for 
the SCAT titers were cômpared by 1ineàr re
gresslon ana1ysis. Data obtained weie: re
gresBlon line equation. y = 0.78X + 0.91; 
r • 0.91; P <0.001. Numbers refer to number 
of à~ra tested. 
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SCAT titer. 

2.4 gARGG AND hAHGG vs SCAT 

The resu1ts of the SCAT testing and NeRF assays 

for these 29 sera are compared in Figs. 4.16 and 4.17. The 

1082 values were used ta transform curvilinear data ta 1in-

ear for regression analysis as was the case with the latex 

titers in Sect. 2.2. For bath gARGG data there i9 an 1n-

crease in the average light scat ter with each increase in 

SCAT titer. 
.. 

In addition, the linear regression analysis 

yie1ded r-va1ues of 0.86 and 0.74 for the gARGG and hAHGG 

antigens reepective1y, and bath values were significant 

(p <0.001). 

/ 

2.5 gARGG AND hAHGG vs LFT 

Comparison of the resu1ts of NeRF assaye and LFT 

ti~ers for 47 sera are shawn in Figs. 4.18 and 4.19. The 

1082 values for the latex titers gave linear relationships 

when compared with the Net LS values obtained nephelometrl-

cally. L1ght scatter clearly increased with increasing LFT 

titer. Results were found ta be signlficant (p <0.001) and 

1inear with r-values of 0.84 and 0.89 for the rabbit and 

human antigens respectively. 
( 
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FIGURE 4 . .16 

COMPARISON OF gARGG NeRF ACTIVITY 
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Reciprocal SCAT Titer (10g2) 
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(2) 
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10 

29 heat-decomplem.nted sera were tested for RF activity 
with the SCAT assay and with the NeRF assay using glut-ag
gregated rabbit IgG. LOg2 values for the SCAT titers and 
the c.orresponding Net LS values were compared by ,linear 
regression analysis. Data obtained were: regression 1ine 
equation, Y • 9.8 l082X - 26.6; r • 0.86; p <0.001. Fig
ures in parentheses refer to number of sera tested. 
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FIGURE 4.17 

COMPARISON OF hAHGG NeRF ACTIVITY 

(8 ) 
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Reciproca1 SCAP- Titer (10g2) 

29 beat-decomplemented sera were tested for RF activity 
witb the SCAT assay and with the NeRF assay using heat-ag
greagted human 19G. L082 values fot' the SCAT titers and 
the corresponding Net tS values were compared by linear 
regression analysis. Data obtained were: regression 1ine 
equat1on. Y • 8.8 log2X - 14.6; r - 0.74; P <0.001. Fig
ures in parentheses refer to number of sera tested. 
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FIGURE 4.18 

COMPARISON OF gARCC NeRF ACTIVITY 

WITH LFT TITER 
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f 47 ~at-decCGPlement.d .era vere t •• tad for IF activity 
with the LFT a~say and.with the NeRF Assay using glut-ag
gregated rabbit 19G. Logz values lor the Ln titers and 
the correspondlng Net LS values vere compared by linear 
regres8~on analY8is. Data obtained were: regression line 
equation, Y = 13.5 10g2X - 49.7; r = 0.84, p <0.001. Fig
ures in parentheses reler to number of sera tested. Arrow 
designates seronegative value for" gARGG in this comparison 
(Net LS • 20) 1 
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FIGURE 4.19 

COMPARISON OF hÀHGG NeRF ACTIVITY 

WITH LFT TUER 
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47 heat-decomp1emented sera were tested for RF-ac~ivity 
with the LFT assay and with the NeRF assay using heat ag
gregated human' IgG. L082 values for the LFT Uters and 

.; the corresponding Net L5 values were c01llpared by linear 
regression analys1s. Data obtained were: regression 1ine 
equation, Y :III 13.6 log2X - 41.5; r = 0.89; p <0.001. Fig
ures in parentheses refer to -number of sera tested. Arrow 
designates seronegative value for hABGG in this compar1son 
(Net L5 = 26). 
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2.6 gARGG vs hAHGG 

The results of nephelometric rheumatoid factor 

assays compa~ing rabbit and human antigen reactivity with 

sera from 88 patients is.~hown in Fig. 4.20. Comparison of 

the Net LS values for' 12 normals averaged 1.9 ± 1.5 (range 

0.1 - 4.4) and 1.9 ± 1.7 (range 0.5 - 6.1) for the rabblt 

and human antigens. The regression 11ne for the RA patients 

as tested by the two antigens interce~ts the hAHGG axis at 

14.6 Net LS ~d the slope is 0.82. The r-value as calculat~d 
for the Iinear relationship ls 0:91 (p <0.001). On1y sam-

pIes within the seronegative limita deviated appreciably 

from the regression 11ne. The seronegative limits for the 

hARGG antigen'was 26 and for gARGG was 20 Net L8 . 

. 2.7 bARGG AND hA~GG vs LFT 

Resu1ts of NeRF aS8ays and LFT titers for 50. RF-. ., 
sera are shawn in Fi$s. 4.21 and 4.22. A linear relation

sbip was found bet.een the 10g 2 LFT titres and the NeRF 

•• says with bARGG and with hARGG. C0;Je1ation coefflcle~ts 

of r = 0.86 and t = 0.91.(p <0.001) were found for the 

rabbit and human aggregated antigen respectiveIy. 
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FIGURE 4.20 

1 

COMPARISON BETWEEN NeRF ACTIVITY OBTAINED 

WITH gARGG AND WITH hAHGG 
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gARGG NeRF Activity (Net LS) 

Net LS values for the nephelometric reaction of 
88 heat-dec:om.plemented RF-sera wi th gARGG and 
with hABGG were compared by linear regression 
analysis. Data obtained were: regression line 
equation, Y • 0.82 X + 14.6; r = 0.91; p <o. DOL 
Hatched liaes delineate sëronegative limits as 
determined from Figs. 4.18 and 4.19. 
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FIGURE 4.21 

COMPARISON OF hARGG NeRF ACTIVITY 

WITH LFT TITER 
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50 heat decomp1emented sera were tested .for RF-activity 
with the LFT as say and with the NeRF assay using heat-ag
gregated rabbit IgG. L082 values for' the LFT titers and 
the corresponding Net LS values were compared by li~ar 

regression analysie. Data obtained were: regression 1ine 
equation, Y = 12.8 10g21 - 46.2; r = 0.86; p <0.001; Fig
ures in pa;r:entheses refer to number of sera teeted. Arrow 
designates seronegative 1imit for hARGGinthis comparison 
(Net L8 • 18). 
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FIGURE 4.22 

COMPARISON OF hAHGG NeRF ACTIVITY 
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50 heat-decompleménted sera were tested for RF ac~ivity 
with the LFT aasay and with the NeRF assay using heat-ag
gregated human IgG. Log2 values for the LFT tUers and 
the corresponding Net L5 values were compared by linear 
regression ana1ysis. Data obtained were: regression line 
equation, Y • 11.0 log2X - 28.6; r • 0.91; p <0.001. Fig
ures in parentheses refer to number of sera tested. Arrow 
designates seronegative limit for hAHGG in this comparison 
(Net LS = 27) • 
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~ 
2.8 hARGG'va hARGG 

The NeRF assay results Lor the two antigens, hARGG 

and hARGG, are compared in Fig. 4.23. The reactivity of 

96 serum samples from RA patiants showed a linear relation-

ship with a 'correlation coefficient of 0.93, a slope of 

0.82 and intercepted the hARGG axis at 16.7 N~t 15. There 

are no sera whicp are strongly reactive with one antigen 

that· are not also reactive with the other except for sera 

with low Net 1S values, within the seronegative limits," 

The seronegative limit for the hARGG i9 27 and for hARGG is 

18. Net 1S values for a simi1arly tested normal population 

of 15 sera gave average Net 15 values of 1.4 ± 1.1 (range 

0.3 - 4.5) for the hARGG and 1.9 ± 1.8 (range 0.5 - 6.0) 

for the hARGG 

3 CHARACTERISTICS OF RF SERA , 

3.1 REDUCTION AND ALKYLATION OF RF-SERUM 

In order to establish the immunoglobulin class 

responsible for NeRF actlvity, reduction and a1kylati~n of 

serum with cysteine and iodoacetamide was performed on 

several serum samples. The results of these experiments 

are summarized ln Table 4.6. When serum was incubated with 

L 
• 
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COMPARISON BETWEEN NeRF ACTIVITY OBTAINj6 

WITH bARGG AND WITH hAHGG 
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Net tS valuês for the nephelometric reaction of 
96 heat-decomplemented RF-sera with hARGG and 

, with hARGG we're compared by linear regression 
ana1ysis. Data obtained were: regression line 
equation, y. 0.82X + 16.7; r = 0.93; p <O.OOI. 
Hatched lines delineate seronegative limits as 
determined from'Figs. 4.21 and 4.22. 
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TABLE 4.6 

EFFECT OF REDUCTION AND ALKYLATION OF RF-SERUM 

ON NeRF ACTI~ITY 

Cysteine 
Added 

(M) 

0.025 

0.050 

0.10 

0.25 

0.10 

IodoacetaIllide , 
Added 

CM) 

0.05 

0.10 

0.2 

0.5 

%NeRF A'ttivity 
(untreated =.lQO%) 

M,RGG 

100% 

87% 

40% 

10% 

1% 

41% 

99% 

hAHGG 

100% 

92% 

837.. 

25% 

1% 

56% 

102% 

Following reduction and alkylation of RF-serum 
with cysteine and iodoacetamide (final concen
trations as noted), samples were dialyzed exten
sively against Tris-NaCl buffer. Treated samp1es 
were then assayed for NeRF activity. ,~ 

"'Ù7. 

0.1 M cysteine, the NeRF activity was diminished by 90 and 

75 percent with the rabbit> and human antigens r~!ipectively. 

Although reduction alone decreased'activity, redûction 

" followed by alkylation produced a greater decrease in ~c-_ 

tivoity than did reduction without subsequent alkylation. 
J"......... "\ 

Such ~n effe~t Is consistent with alkylation preventini ~e-
, 

form.tlon of di-sulphide bonds. Simllar results were ob-

served wit~ 2-Mercaptoeth~nol treatment of serum. 

- , 
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3.2 EUGLOBULIN PRECIPITATION OF RF-SERUM 

The effect of dialysis. of RFI..conta1ning se"ra 

against distilled water 1s summarized in Table 4.7. The 

TABLE 4.7 

EFFECT OF EUGLOBULIN PRECIPITATION 

OF RF-SERA ON NeRF ACTIVITY 

Fraction 

Unfractionated 

Pseudog1obul1n 

Eug1obu1in 

% NeRF Activity 
(unfractionated .. 100%) 

hARGG 

100% -1% 

83% 

hAHGG 

1007. 

3i. 

737. 

Following dia1ysis of RF-serum agalnst dis
tilled water, the eug10bulin pellet was re
suspended in Tris-NaC1 buffer and c1arified 
by centrifugation. Unfractionated, pseudo

'globu1in (super~atant) and euglobu1in frac-
tions were then assayed for NeRF activ1\.y. 

128. 

majority of the nephelometric activity was recovered in the 

euglobulin fraction with an average of less than 5% .of the 

unfractionated activity remaining in the supernatant. lt 

should be noted that there was a 10ss of activitf in these 

Rrecipitation experiments which was 17% and 27% for the 

respective1y, and presumably re-

flecta reso1ubi1ization of the euglobulin pelle t. 
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4 NEPHELOME TRIC RHEUMATO ID FACTOR ACTIVI TY OF puR! FI ED 

POLYCLONAL IgM RHEUMATOID FACTOR (pRF) 

4.1, FRACTIONATION OFPOtY-CLONAL RHEUMATO ID FACTOR 

Fractionation of pRF was carried out on BioGel 

A,5m, Fig. 4.24. The majority of t.he pRF fractionated as a 

single peak correspGnding to the molecular weight of 19S 

IgM. A small amount of material was recovered in the void 

volume fractions of the column. When fractions were tested 

for activity with heat-aggregated human IgG, the reactivity 

corresponded to the elution profile. 

4.2 TIME COURSE OF THE REACTION OF pRF WITH hARGG AND 

WITH hAHGG 

The time course for the reaction between sa llg. 

of the purified polyclonal IgM theumatoid factor and vari-

ous concentrations of either the rabbit or human aggregates 

is shown in -Fig. 4.25. Wi th both an t igens, the 1igh t scat-

ter increased with the incubation time, plateauing at 60 

minutes and remaining stable for 60 minutes thereafter. 

Increasing the concentration of hAHGG or hARGG resu1ted in 

an increase in the Net LS. The reactions of paF with . 
hARGG and wi th hABGG was similar to the reactions obtained 

· 
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FIGURE 4.24 

GEL FILTRATION CHROMATOGRAPHY OF pRF 
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1.0 ml sample of isolated polyclonal rheumatoid fac
tor (pRF) was chromatographed on Bio-Gel A-Sm (0.9 x 
90 cm) and 1. 0 ml fractions col1ected. Absorbancy 
(280 nm) and NeRF act1vity (Net LS) of each fraction 
are illustrated. Vo. void volume; IgM, elution peak 

, of IgM; and IgG, elut10n peak of IgG chromatographed 
separately. " 
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FIGURE 4.25 

TIME COURSE OF THE REACTION OF pRF 

WITH hARGG AND WITH hAHGG 

160 
hARGG Added (~g/ml) hAHGG Added (~g/ml) 

200 

120 

80 100 

40 50 

25 

o~--~----.----------
o 30 60 120 o 30 60 

rime (min) Time (min) 

pRF (final concentration 50 lJ8/m1) wU react~d with vari
ous concentrations of hARGG and bARGe (as indicated) in 
Tris-NaCl buffet cot'ltaining no PEG. Net LS was measured 
after the incubation times as indicated. 
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with RF-containing serum and these two antigens (Sect. 

1.1.17; Fig. 4.8). 

4.3 bARGG vs hAHGG 

The Net L8 values obtained after 60 minutes of 
• 

incubation for the reaction of pRF with hARGG and with 

hARGG are summar1zed in Table 4.8. The similarity in the 

TABLE 4.8 

REACTION OF pRF WITH 

bARGe AND WITH bARGe 

~ggregate NeRF Activity 
Concentration (Net L8) 

(Ilg/ml) 
bARGG hAHGG 

50 22 34 

100 69 1!.0 

200 165 162 

400 320 310 

800 540 525 

i600 '760 720 

pU at a final concentration of 
SO 118/Dil was reacted with vari .. 
ous concentrations of rabbit or 
human antigen in Tria-NaCl buf
fer. Net LS values were deter
Sliuee! after 60 minutes of incu
bation. 

- .. 

.. ' 

132. 



,/ 

. 

• J 

1:33. 

reaction curves vith these two antigens is apparent, and 

~hen the values for each concentration of antigen are 

graphed against each other, a 1inear re1ationship is seen, 

Fig. 4.2(. When linear regression analysis of this com

parison was done, a slope of 0.93, an intercept of 16 on 

the hAHGG axis and a correlation coefficient of r = 0.999 

(p '< 0.001) were obtained. Likewise, the reactions of vari

ous amounts of pRF with 50 ]Jg. of either hARGG or hAHGG are 

presented in Table 4.9. When these data, obta1ned wi th 

the two antigens, are plotted against each other a 1inear 

relationship was evident with a alope of 0.74, an intercept 

of 14 Net L5 on the hAHGG axis, and a correlation coeffi

cient of r = 0.998 (p <0.001). 

4.4 EFFECT OF POLYETHYLENE GLYCOL (PEG) 

The previoua expérimenta in this section ... ere done 

in Tris-NaCl buffer which did not contain polyethylene 

glycol. The data in Table 4.9 show the ef f ec ts of add ing 

PEG ta the reaction of various concentrations of pRF with 

a constant amount of either rabbit or human aggregates. At 

higher pRF concentrations t the Net L5 values obtained are 

siuilar ta those found in the absence of PEG. However, as 

the concentration of pRF used vas decreased, there was an 

augmentation of the Net L5 measured • 
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FIeURE 4.26 

COMPARISON BETWEEN THE NEPHELOME'l'RIC 

WCTIONS OF pRF WITH hARGG AND W1TH hAHGG 

\. 

o +---------~--------~--------~--------~ 
o 200 '400 600 800 fi" 

bARGe N~RF Activity (Net LS) 

Net ts values (see Table 4.8) for the nephelo
lIletric: reacUon of pRF (final concent:ration. 50 
US/_l) w1.th 'variOU8 cOllcentrations of hARGG and 
hAIIGG were c01Dpared by linear regression analy
sis. Data obtained were: regression line equa .. 
tion Y-O. 93 X + 16.4; r .. 0:999; p <0.001. 
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TABLE 4.9 
1 • 

r 
EFFECT OF PEG ON THE NEPHELOMETRIC REACTION OF 

pRF WITH bARGG AND WITH hAHGG 

Concentration NeRF Activ1ty (Net LS) r.: .J.nc;:ease 
(ug/ml) ,'J 

With 1% PEG 
No PI!G 1% PEG 

hARGG hAHGG hARGG hAHGG hARGG hAHGG 

12.5 2.4 10.7 23.7 35.5 988 332 

25.0 8.1 21.3 52.7 47.5 651 223 

50.0 22.3 34.4 71.4 63.4 320 184 

100.0 52.3 54.5 92.5 81.0 177 149 

200.0 84.9 78.0 114·0 94.2 ' 130 121 

400.0 110.6 94.8 133.2 110.0 120 116 

800.0 126.0 106.9 150.1 122.6 119 115 

pU (final concentrrtions as indicated) was incubated with bARGG and 
with ~Gq a. final concentrations of 50 us/ml in Tris-NaCl buffers 
containing no PEG or 1. 0% PEG (w/v). NeRF activity was determ.ined 
after 60 minutes of incubation. 

4.5 NEPBELOMETRIC REACTION OF pRF ADDED TO NORMAL RUMAN 

SERUM WITB . bARGG ANtl WITR bARGG 

'When various amounta of purified 'pRF were added. to 

normal human serum (NBS) and subsequently assared for re

aèt1.vity with hARGG' and with bABGG, the fol1owing results 

were obtained, Table 4.10. Tbere was a negli.gible increase 

in the serulIl ts when pRF was added to N~S, however, wben 

/ 

~ 

..",.,. 



Serum pRF 

TABLE 4.10 

REACTION OF hARGG AND OF bARGG 

WITH pRF ADDED TD NORMAL SERUM 

Change in Serum LS NeRF Activi ty 
Cpncentra tion Following Addi tion (Net t5) 

(us/ml) of pRF 
bARGe hAHGG 

125 0.2 10.8 22.2 

250 0.5 26.6 39.6 

500 1.1 49.7 54.8 

pRF ~as added to serum at the concentrations indicated 
and incubated for 18 hours st ,4°C. prior to aassy. LS 
of serum after addition of pRF and Net t8 of serum -re
acted with hARGG and. with hAHaG (50 ug/ml final reac
tion concentration) were determined after 60 min. in:" 
cubat:1on. 

136. 

these samp1es were reacted w'ith each of the antigens in the 

NeRF Assay t Ne t LS inc reased wi t h inereasing pRF c onCen-

trations added. 

5 NEPHELOMETRIC RHEUMATDID FACTOR ACTIVITY OF PURIFIED 

, MONOCLONAL IgM RHEUMATOID FACTOR (mRF og)' 

5.1 FRACTIOHATION 01!' mRF 
o~ 

The elution profile of mRF on B~oGel AS. showed 
og 

a single peak which ch~ollatographed at the aame location as 

198 IgM and pRF ,- P1g. 4.27. When frac tions were tèS ted 

( 

ft 
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GEL FILTRATION CHROMATOGRAPHY CF mRF 
og 

v 
o 

24 28 

IgM 

32 36 40 

Elution Volume (ml) 

IgG 

44 48 52 

1. 0 ml sample of isolated monoclonal rheumatoid fac
tor (~og) was chromatographed on Bio-Gêl A-5m (0.9 
x 90 cm) and 1.0 ml fractions collected. Absorbancy 
(28'0 nm) and NeRF activity (Net 18) of each fracti9Jl 
are illustrated ~ Vo ' void volume; IgM, e1ution peAk, 
of 18lI; 'and IgG. elution peak of IgG chromatographed 
separat~ly • 

60 

40 

20 

o 

137, 

~ 
1 
t 

9 



138. 

for nephelometric react1vity with human aggregates, the 

activ1ty was confined to the 19S material. 

5.2 TIME COURSE OF THE REACTION OF mRF WITH hARGG AND og 

WITH hAHGG
9 

The time course study for the reaction between 50 

micrograms of the pur if ied monoclonal IgM-RF and various 

concentrations of the rabbit and human 'aggregates ls shown 

in Fig. 4.28. There was an increase in Net LS for both 

antigens tested pver time. A.bthough the reaction of the 

monoclonal RF with the human aggregates tended to exceed og 

the Net LS produced with the rabbit aggregates, the curves 

were otherwlse similar. 

'g. 

5.3 hARGG vs hAHGG 

The Net LS values obtained after 60 minutes of 

incubation of mRF and various. concentrations of fhARGG or 
og J .. 

hAHGG 18 8ummarized in Table dl. In contrast to the 

data that was obtained in studies with RF-se.rum and puri-

fied pRF', the monoclonal RF ' preparation showed dissimilar 
'og , 

reactivity wi th the two an tigens, l t was f ound that the 

L 
mRF reaction with the human antigen consistent1y exceeded / 

( 
the reaction with the rabbit antigen. _his was most 

, 
1. 
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FIGURE 4.28 

TIME COURSE OF THE REACTION OF mRF 
og 

wrTH hARGG AND wrTH hAHGG 
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hARGG Added (Ug/ml) hAHGG Added (\Jg/ml) 

60 uo 
Time (min) 

200 

100 

50 

25 

"" .. 

o 30 60 

Time (min) 

'mRF (final concentration 50 ug/ml) was reacted with vari
oua concentrations of bARGG and àA.HGG (as indicated) in 
Tria-NaCl buffer containlng no PEG. Net LS was meaaured 
after the incubation times as indicated. 
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TABLE 4.11 

REACTIO~F mRF WITH og 
hARGG AND WITH hAHGG 

Aggregate NeRF Activity 
Concentration (Net L5) 

(Ug/ml ) bARGG bARGG 

25 15 25 

50 35 42 

100 7'J 90 

200 125 21Q 

400 161 340 

800 182 540 

- mRF at a fina1 co entration of 
50 lIg/ml. was reacted with vari~ 
ous concenttati,ons of rabbit or 
human antigen 1n 'r't'i:a-:~~Cl buf
fer. Net LS values werè -ôei;et;
mined after 60 minutes of incu
bation. , 

apparent at high aggregate concentrations. 

o 

6 TBE REACTION OF RBEUMATOID FACTOR WITB NATIVE IgG 

140. 

.. 

It has been suggested that one of the bio1ogieal 

act:1.viti'es of RF is its abi1ity to bind complement a.fte'r 

comb1nation with antigen, presumably IgG. It would appear 

that- if RF and native IgG formed a cQmplex in vitro, then 
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the reac t ion could b e quanti tated by C lq in a nephe lomet ri c 

immune comp lex assay, The f ollowing experltnen ts d emons t ra te 

that purified polyc'lonal IgM~RF can 'bind with native (7S) 

IgG and tnat the complex thus formed is reactive with Clq 

in' the nephelometer. 

~ 

6.1 TIME COURSE OF TRE REACTION OF Clq AND hARGG 

Since Clq ls known to react withthAHGG, as well 

with immune complexes, the capacity for the nephelometer 

to detect such reac[ns was investigat.ed. The reaction -of 

25 ]Jg of purified C q with various concentrations of heat-

aggregated human gamm 10bLilin ls shown in Fig. 4.29. 

There 18 an increase in Net LS which ia dependent on both 

the aggregate concentration and the ineuD'ation time, It 

was neceseary to carry out the reaetion in Tris-NaCl buifer 

-/-''4 containing 2.0% pol~ethylene glycol (w/v) sinee this reae-
q , 
• tian was ne.~lig1bl\ 1n buffers con tat,ning lees than 2.0% 

FEG. Since both RF and Clq b1nd 4ggrega tes» 1 t was Dot 

feasi.ble to use aggregates to assess,th-e reaction of Clq 

with RF. As a resu1t ~ purified human native IgG (NHGG) 

was exami'ned as an ant1gen, reacting with RF, to·analYZè, 

the RF-Clq reaction. 

, 
< 

" 
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FIGURE 4.29 

TlME COURSE OF THE REACTION 

OF C1q WITH hAHGG 

hAHGG Added (~g/m1) 

25.0 

12.5 

6.25 

3.13 

0 30 60 120 

Time (min.) 

Clq (final concentration, 25 ~g/m1) 
was reacted with various concentra
tions of hAHCG (as indicated) in 1 
ml Tris-NaCl buffer containing 2.0% 
PEG. Net LS was measured after the 
incubation times as indicated. 
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6.2 THE REACTION OF pRF WITH NHGG A~D OF pRF-NHGG 

COMPLEXES WITH Clq 

Polyclonal IgM-RF in the presence of 2.0% PEG, 

reacted with NHGG (Table 4.12) and this reaction was de-

pendent upon the concentrption of ~HGG emp1oyed. Similarly, , 
the Net t5 of pRF reacting with NHGG increased with in-

creasing RF concentrations. Un1ike the reaction of C1q 

with aggregated IgG, Clq failed to react with either pRF or 

human native IgG alone wh en incu~ated in 2.0% PEG. When 

NHGG and pRF were reacted together, and Clq then added to 

this complex, Net L5 increased. This increase was depend-

ent upon the concentration of complexes tested (Table 

4.12) • 

6.3 REACTIONS OF pRF WITH IgG AND OF C1q WITH 

pRF-IgG COMPLEXES IN NORMAL AND AGAMMAGLOBULINEMIC 

RUMAN SERA 

It was demonstrated (Seçt. 6.2) that the reaction 

between pRF and purified human native IgG could be quanti-

t.~'ted in the nephelometer. This raised the possibility 

that such a reaction might occur between native IgG and RF 

in serum. As a result, pRF was added to normal and agamma-

globulinemic sera which did not contain RF, to determine if 

.. 
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TABLE 4.12 

REACTION OF pRF WITH NHGG AND OF 

Clq WITH pRF-NHGG COMPLEXES 

Activity with Constant pRF Concentration 

NBGG Added 
(ug/ml) 

o 
50 

100 

200 

400 

800 

Net L5 

o 
27 

53 

102 

207 

330 

Effect of Clq Addition 
Net LS % Increase 

o 
39 

65 

127 

249 

474 

44% 

23% 

25% 

20% 

44% 

Activity with Constant NHGG Concentration 

pRF Added 
(ug/ml) 

o 
12.5 

25.0 

50.0 

100.0 

200.0 

o 
38 

92 

170 

328 

575 

o 
63 

125 

257 

558 

768 

66% 

36% 

51% 

70% 

34% 

pU was reaeted wieh NRGG in 1. 0 ml Tris-NaC1 
buffer containing 2.0% PEG. Net LS for the RF
IgG reaction was determined after 30 min. of 
incubation. Clq was subsequently added and the 
Net LS for the Clq-RF-1SG reaction was measur
ed af~r an additional 30 min. incubation with 
aubtractlon of approprlate controls. Constant 
concentrations used were: RF t 50 US/ml; IgG, 
250 US/ml; C1q 2S US/ml. 

144. 
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RF would react with native IgG in serum. ~ 
The reactions of sa ~g of pRF with these serà 

(heat-decomplemented) in Tris-NaCl buffer containing 2.0% 

PEG i5 shown in Table 4.13. In the presence of 2.0% PEG, 

an increase in the Net LS was observed with the addition of 

pRF to NHS. Llkewise, there was also an increase in the 

Net L5 observed when pRF was added to agammag1obu1inemic 

sera containing very low concentrations of IgG. The net 

1ight scattering obtained was dependent upon the concen-

TABLE 4.13 

REACTIONS OF RF WITH IgG ANO OF C1q WITH RF-IgG COMPLEXES 
\ 

IN NORMAL AND AGAMMAGLOBULlNEMIC SERUM 

Serum 

Normal 

Ayl 

Ay2 

Serum 
IgG 

(ug/ml) 

1005 

193 

276 

! 

Effect of P~F 
Addition r 
(Net LS) 

95.2 

24.6 

31.0 

Effect of Subsequent 
Addition of Clq 

(Net ~S) % Increase 

160.3 60% 

38.5 58% 

44.9 45% 

pRF (final concentration 50 ~g/ml) was reacted with 200 ~l of 
heat-decomplemented serum in 1.0 ml Tris-NaC1 buffer contain
ing 2.0% PEG. Net LS for the RF-IgG reaction was determtped 
after 30 lIlin. of incubation. Clq was 8ubsequently added. and 
the Net LS for the Clq-RF-IgG reaction was measured afterl an 
additional 30 minute incubation vith aubtraction of appropri-
ate controls. 

--_._------_-......._----------- -
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tratio~ of IgG pre~ent in the serum samples. Addition of 

C1q to heat-decomplemented normal or agammag10bulinemic 

se~a in the presence of 2.0% (w/v) PEG 9 but ln the absence 

of added pRF, produced scarcely any increase in Net L8. 

However, when pRF was added to these sera and subsequently, 

Clq added, there was an additional increase in net 1ight 

8catter due to the additon of Clq (Table 4.13). 

The demonstration that RF reacted with native IgG 

in buffer and in serum, and that this RF-IgG complex bound 

complement, provided a new approach to study the RF-IgG 

reaction. As a result, the reaction of isolated RF vith 

rabbit and human native IgG (NRGG and NHGG) has been in-

vestigated extensive1y. 

6.4 TIME COURSE OF ~~E REACTION OF pRF WlrH NHGG 

AND WITH NRGG 
.~ '....... ~ 

The time course study for the reaction of 50 ~g. 

of pRF with various concentrations of either 7S rabbit 

"-
native IgG (NRGG) or 7S human native IgG (NHGG) i8 shown 

ln Fig. 4.30. The reactlonJ~were similar for the two antl-

gens vith pRF ln Tris-NaC! buffer containing 2.0% PEG. 

Similar results were al~o obtained when 800 ~g. of either 

NRGG or NRGG were reacted with variou8 concentrations of 

pRF • 

.... ______ .;;.."",. ____ ~. L __ _ 
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FIGURE 4.30 

TIME COURSE OF THE REACTION OF pRF 

WITH NRGG AND WITH NHGG 

NRGG Added (llg/ml) NHGG\ Added (llg/ml) 

a_----. 800 
800 

400 400 

200 200 

100 ~~ __ ---. 100 

0 5 10 30 o 5 10 
, , ____ ,'Ume (min) 'rime (min) 

pAF (final cancentration 50 ug/m1) was reacted 
with various concentrations of NRGG and NHGG 
(as indicate<!) in Tris-NaCI buffer containing 
2.0% PEG. Net LS was measured after the incu
bation tilDes as indicated. 

30 
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6.5 THE EFFEeT OF PEG ON THE REACTION OF pRF WITH NRGG 

AND WITH NHGG 

~ 

The previous experiments on the reaction of pRF 

vith native IgG had been carried out in·Tris-NaCl buffer 

containing 2.0% polyethylene glycol. Both antigens reacted 

similarly vith pRF in the presence of 2.0% PEG. When 1.0% 

PEG was .employed in the reaction buffer, there was a de-

cresse in the Net LS values for the reactions vith each 

antigen. Hovever, the reaction of pRF w1th rabbit native 

IgG decrease~ more than vith the human native IgG. In the 

absence;pf PEG, the reaction of pRF vith NRGG vas very 

smalt in contrast to the decreased, but ea~ily discernable. 

reaction vi~ NHGG. This data is summarized in Table 4.14 . 
. 

The Net tS values obtalned for each concentration 

of rabblt and human nativ~ IgG were compared at the various 

concentrations of PEG ln the reactions buffer. Linear re-

gresston analys18 showed a correlation between the tvo 

a~ttgens vhen 1.0% PEG (r = 0.996; p <0.001) or 2% PEG' 

~r = 0.999; p <0.001) vas used in the reaction buffer but 

~o significant correlation was found when PEG vas not 

added. Comparisons vere a1go made between the Net LS values 

obtained with a given antigen and tvo different concen

tratlons"of PEG. These are summarized in Table 4.15. 



L 
. 

Native IgG 
Concentration 

(~g/ml) 

100 

200 

400 

800 

1600 

. ' 

TABLE 4.14 

THE EFFECT OF PEG ON THE REACTION 

OF pRF WIm NRGG AND lUTH NHGG 

NeRF Activity (Net LS) 

NRGG NHGG 

PEG Concentration (w/v) PEG Concentration (w/v) 
0% 1% 2% 0% 1% -2% 

1 3 60 3 9 45 

3 12 163 8 28 135 

6 40 264 20 75 243 

5 85 391 41 125 367 

4 115 526 53 163' 496 

pRF at a final concentration of 50 ~8/ml was incubated with either 
NRGG or NHGG (final concentrations as indicated) in Tris-NaC1 buf
fer containing no PEG or PEG, 1.0% or 2.0% (w/v) as indicated. Net 
LS was meaaur~d after 30 minutes of incubation. 

\ 
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TABLE 4.15 

COMPARISON OF PEG CONCENTRATIONS ON THE kEACTION 

OF pRF WITH NRGG AND Wlm NHGG 

Antigen Compar1~on of Regression 
PEG Concentrations Analysis 

(w/v) 

X vs Y r p 

NaGe 0% 1% 0.997 <0.001 

" 0% 2% 0.992 <0.001 

" 1% 2% 0.994 <0.001 

NaGe * 1% 2% 0.990 <0.001 

* With 0% PEG, NaGG f ail ed ta show a substantia1 
reaction with pRF. 

6.6 THE REACTION OF mRF WITH NRGG AND WITH NHGG og 

150. 

The reaction between monoclonal rheumatoid factor 

and NRGG and NHGG in the presence of 2.0% PEG is summarized 

in Table 4.16. miF was faund ta react on1y with human og 

IgG.' Increasing concentrations of NBGG produced higher net 

light 8catter values. The reaction of mRFOg with NRGG vas 

amall in eontrast to the reaction of' pRF vith thi§ antigen 

in previoua experiments (see Table 4.14). 
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6.7 TgE EFFECT OF PEG ON THE REACTION OF mRF wlth NHGG og 

The effect of various concentrations of PEG on 

the reaction between mRF and hum8;.n IgG is also shown in og 
, , 

Table 4.16. There was an enhancement in the Net LS produced 

by the addition ·of increasing amounts of polyethylene ~lycol 

to the reaction buffer. The enhancement was sma11 with the 

addition of 1.0% PEG. however, with the addition o~ 2.0% 

PEG the enhancement was readi1y apparent. 

TABLE 4.16 

THE EFFECT OF PEG ON THE REACTION 

OF mRF og WITH NRGG AND WITH NHGG 

Native IgG 
Concentration 

(\Jg/m1) 

100 

'200 

400 

·800 

1600 

NeRF Activlty (Net tS) 

NRGG NHGG' 
.. 
. PEG Concentration (w/v) 
2% 0% 1% 2% 

3.8 2.9 " 3.5 15.8 

7.9 6.5 12.0 58.8 

16.7 12.4 29.9 115.8 

24.6 14.,4 58.1 182.6 

21.1 11.3 41.7 227.3 

mRP at a final concentration of 50 g/m1 was Incu
bued with either NRGG - or NaGG (final concentra .. 
tians as indicated) in Tris-NaC1 buffer containing 
no PEG or PEG, 1.0% or 2.0% as indicated. N~t t8 
was measured after 30 minute,s of incubAtion. m'RFog 
fai1ed ta react witb NRGG in tbe absence of PEG or 
in buffet containing 1% PEG. 

l 
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7 KINETICS OF THE REACTION OF RF WITH IgG 

7.1 KINETICS OF THE REACTION OF RF WITH AGGREGATED 

1 

IgG 

The time curves for the first 8 minutes of the 

reaction of pRF with various concentrations of hARGG and 

of hARGG are illustrated in Fig. 4.31. It 19 evldent 

that within the first 8 minutes, the reactions ~f these two 

antigens with pRF do not differ appreciable. Measurement 

of peak rates for individual reactions, as weIl as V 
~ max 

an~ K values for each antlgen or RF renders differences in 
m 

the kinetics of the RF reaction more apparent. This ls 

il1ustrat~d in Table 4.17 in which the data from pen re-

corder tracings (Fig. 4.31) are converted into numerical val-

ues. This Table emphasizes the similarity in the kinetics 

of the reaction of pRF with rabbit and with human aggregates. 

Differences in such kinetics are illustrated in this Table 

a8 weIl. Wben the monoclonal RF (mRF ) was reacted with 
og 

rabbit and with human aggregates and peak rates determined. ~ 

striking differences were obtained. Ear11er results uaing 

an end-point analyais shoved mRF reacted poorly with 
og 

rabb1t aggregated IgG (Section 5.3). 

Data in Table 4.17 confirm this earlier,obwer

) 
vation, showing peak rates, Vmax and Km are aIl l~ver vith 

~-------------------
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FIGURE 4.31 

TIME CURVES FOR THE REACTION OF pRF 

WITH hARGG AND WITH hAHGG 

hA:RGG.._ Add ed (ug/ml) hAHQG Added (ug/ml) 
-~ 
~ 

1600 

~ 

-----------~ 
800 

400 

200 

100 

0 2 4 6 8 0 2 4 6 

Time (min) TilDe (min) 

pRF (final concentration 50 Ug/ml) was mixed rapidly 
with ~arious-concentrations of bARGG and bARGG tas in 
dicated} in l ml Tris-Naél buffer containing no PEG. 
Net LS was recorded continuos1y with a 1inear pen re
corder and tilDe curves redrawn fram pen recorder tra
cings. Peak rate values derived fram these data are 
shown in Table 4.17. . . 

l 
-~ .. 

800 

400 

200 

100 

8 

--------



\ 

154. 

hARGG than with hARGG. Futhermore.it.}is Table shows there 
\$ -are only slight differenees in the kinetics of the reaction 

of mRF with hARGG when compared with the pRF-hARGG reae-og 

tia,n. 

---------------\ 

~ 

TABLE 4.17 

KINETICS OF THE REACTION OF RHEUMATQID FACTOR 

WITH AGGREGATED IgG 

) c 
Aggregate Peak Reaction Rate (Net LS/min. ) 

Concentration - - --- -
---------(~g/ml) -----P-Ri'-------- mRF 

----- og 

/ 

bARGG hAHGG bARGG hAHGG 

50 2 4 2 5 
\ 

100 10 12 9 16 

200 34 48 22 66 

400 103 160 34 212 

800 173 195 35 240 

1600 186 180 33 225 ... 

V 190 198 35 240 max 

K 380 300 16D 280 
m 

Peak rate and Vmax , expressed in Net LS/min. ; Km, ex-
pressed in IJg./ml. 
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7.2 KINETICS OF THE REACTION OF RF WITH NATIVE IgG 

The peak rates for the reaction ~f RF with various 

t. 
concentrations of rabbit and of human native IgG we~eas-

ured, using bath pRF and mRF Dg Since polyethylene glycol 

has a definite effect on the reaction of RF wtth native' IgG, 
( 

'experiments were designed ta provide kinetic data on to/e 
. 

effect of PEG on'this reaction. The results of the~ ex-
-. 

periments are shown in Table 4.18. Here One can see that 

the peak rate of reaction is increased by'rEG and' that the 

cçncentration of native IgG eliciting the fastest rate 
... 

(Vmax ) is increased with increased concentrat~on of PEG . 

Like the simi1ar reactions of pRF with rabbit and with hu-

man aggregates. the data show that the reactian of pRF with 

rabbit and with human native antigens are essentially in-

distinguishable. This'is in C01'1trast ta the ra'tes of the 

mRF reaction with NHGG. 
og The reaction rates of mRF with og 

NRGG at aIl concentrations of rabbit IgG and PEG are less 

than 1 Net LS/min. and are not Inc1uded in Table 4.18. 

7.3 COKPARISON OF THE KINETICS OF THE REACTION OF RF 

WITU NATlvt AND WITH AGGREGATED IgG 

The time curves for the first 8 minutes of the 

reactions of pRF, mal
og 

and mRF
mi 

with NHGG and vith hARGG 

, . 

1 
~, 

1 
1 
1 "" , 
~-'~ 
, 
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TAB~E 4.18 

KINETICS OF THE REACTION OF RHEUMATOID FACTOR 

WITR NATIVE IgG 

Native IgG Peak Reac tion Rates (Net LS/min) 
Concentration 

(Ug/ml) pRF mRFog 

NRGG NHGG NHGG 

PEG (~/v) PEG (w/v) FEG (w/v) 
0% 1% 2% 0% 1% 2% 0%, 1% 2% 

_. 100 <1 <1 7 <1 1 5 ,<1 3 

200 <1 . 1 25 1 3 21 1 10 

400 1 {) 77 3 12 171 4 21 

800 <1 25 197 6 36 . '185 6 46 

1600 <1 33 435 6 46( 410 4 69 
2400 . nd 33 595 7 50 590 nd 3 83 

3200 " 23 720 4 55 690 " 1 68 

4800 " li ~65 1 47 960 Il nd 50 

.6000 " nd 1050 nd 37 1050 " " 3<3 

7200 " " 870 " nd 825 " " . nd .. 

=1* 34 1050 8 56 1050 6 84 

\a =200* 650 2010 500 600 2020 - 250 750 

Pe fate and Vmax ' expresse~ in Net LSl.min.; Km, expressed in J,lg/ml. 
" AjJProximate Vmax and Km due to very low peak rates; nd. not deter

ned. 

are The curves are s 11Di1ar for tbe re-

actions of the var10us RF preparations witb aggregated IgG, 

however, differences are noted with the reaction of tbese 

isolated rheumatoid factors with native IgG. pRF la the 
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f'IGURE 4.32 

THE REACTION OF THREE ISOLATED RF PREPARAT(ONS 

WITH hAHGG AND WITH NHGG 
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Three isoalted RF preparations (final concentrations 50 ]Jg/ml) 
were each rapidly mixed with either bARGe (50 ~g/ml; left) or 
NlIGG (800 ug/ml; r1ght) and Net LS measured continuously with 
a Hnear pen recorder. Incubation mixtures containing hAHGG 
did not contain PEG whereas mixtures contain1ng NHGG, cont:ain
ed 2% PEG. ( 0) pRF; (.) mRF ; ( ... ) mRF i' 
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reactive with NHGG as evidenced by a higher peak rate (190 

Net LS/min) with 800 )Jg of NHGG, whereas the peak rates 

for mRF . (89 Net LS/min) and mRF (43 ~et LS/min) are 
m1 og 

much lower. It i9 unfortunate that the limited amount of 

mRF
mi 

did not a1low for a more thorough examination of the 

reaction of this monoclonal RF with IgG. 

7.4 EFFECT OF PÉG ON THE KINETICS OF THE REACTION OF 

RF WITB NATIVE IgG , 

PE,G has been found to cause a large enhance-

ment in the kinetics of the reaction of RF with native IgG. 

This enhancement was investigated by diluting the rea~ion 
~ of pRF with NHGG in Tris-NaCl buffer containing 27. PEG as 

shown in Fig. 4.3~. Dilution of this reaction by th~ 

addition of 1.0 ml Tris-NaC1 buffer containing no PEG di

mini shed the cime curve to paral1el the time ê';urve for the 

reac tion be tween pRF and NHGG in Tr is-NaC1 bu f fer con tà! n,. 
ing 1% PEG. 

If 
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FIGURE 4.33 

THE EFFECT OF PEG ON THE KINETICS 

OF THE REACTION OF pRF WITH NHGG 
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paF (50 us/ml) wu rapid1y mixed vith NBGG (400 
lJg/ml) in 1. 0 ml Tris-NaCl buffer •. containing 2% 
PEG, and Net LS determlned continuously with a 
linear recorder (.) -t At the times indicated 1 an 
equal volume pf Tri~NaCl buffer containing no 
PEG (batched lines) or Tris-NaCl buffer contain-
~ng 2% PEG (dotted lines) vas added to replicate 
. incubation mixtures and Net LS recorded. The ef
fects of dilution on the pRF-NHGç reaction w~rè 
estimated by incubating' pRF (25 ug}ml) with NaGG 
(200 j.Jg/ml) in Tris - NaCl buffer, containing 1% 
PEG' and determining Net ~S (0). \ 
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8 ABSORPTION OF RF ACTIVITY BY IgG 

8.1 ABSORPTION OF RF ACTIVITY BY AGGREGATED IgG 

1 

In ~n attempt ta define the reaction of RF with 

aggregated IgG and with native IgG 1n greater detail, ab-

sorption experiments vere done using heat-aggregated IgG, 

which had been 1nsolubi11zed to fac11itate removal of ab-

sorbed RF. In these experiments RF was incubated with in· 

soluble aggregates of rabbit or human ,IgG and RF activity, 
, ''; 

after sedimentation of the aggregates by centrifugation, vas 

quantitated with hARGG and vith hAHGG. Table 4.19 shows 

that insoluble human IgG virtually completely r~ved pRF 

activity with either antigen, whereas insoluble rabbit IgG 

removed only part of the pRF activity with the two antigens. 

Although the decreases in pRF act1vity following absorption 

with the insoluble rabbit IgG appeared smal1, the actual de-

crease in pRF concentration was approximately 50%. Insoluble 

human IgC also virtually comvletely removed mRF activity, og 

whether tbie activity was assayed with rabbit or buman aggre p 

lates after absorption. Again, insoluble rabbit IgC only , , 

partia\ly absorbed mRF activity. The discrepancy between og 

the decreaee in RF, activity and RF concentration remaining 

i8 expla1ned by the activittY,-concentration c,urves for RF with 

aggregated IgG, an example of vhlch 18 shown ln F1g. 4.34. 

----,'--
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FIGURE 4.34 

ACTIVITY-CONCENTRATION CURVES 

FOR THE REACTION OF pRF 

WITH bARGG AND WITH bARGG 
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pRF Concentration (\.lg/ml) 

39 

. pU at final concentrations' 
iudicated was reacted with 
hARGG (0) and hAHGG (.) in 
Tria-NaCl 'Jtbuffer conta:1ning 
no PEG. Net LS was measured 
after 60 minute. of Incuba
tion and these values were 
converted to % Ac tivi t Y us-
'ing the reaction of 30 ~g/ml 
of piF w:1th 2S lil/Jlll of ~i
ther antiaeD ·100~ Activity. 
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TABLE 4.19 

ABSORPTION OF RF-ACTIVITY BY AGGRECATED IgC 

NeRF NeRF Reaction 
Antigen ConcentraUons 

bAUGG 

" 
" 

bAIlGc 

" 

" 

(JJg/ml) 

Antigen 

25 

50 

50 

25 

50 

50 

RF 

30.0 

" 
7.5 

30.0 

" 

pRF 

% Activ1ty Remaining 
(unabsorped RI • 100%) 

mRF 
08 

Absorbent Absorbent 

Human 

0% «1) 

2% (nd) 

2% «1) 

1% «1) 

3% (nd) 

3% «1) 

Rabbit 

91% (15) 

96% (nd) 

76% (4) 

78% (16) 

82% (nd) 

67% (4) 

Human Rabbit . 
28% (4) 8a% (14) 

11% (nd) 83% (nd) 

0% «1) 51% (2) 

5% (3) 

0% (nd) 

0% «1) 

71% (15) 

67% (nd) 

4% «1) 

j pH!' and mRF wete absorped with in.o1uble human or rabb1t IgG. Concen
trationa in tbe absorption mixture were: RF. 75 or 300IJg/m1; absorbent. 
l mg/ml. Follovi.ng incubation. mixtures were centrifuged (90.000 x 8; 
30 JIlin; 40 C) and 190 IJ'1 of the supernatants assayed for NeRF activity. 
Figures in parentheses refer to\ the RF concentration (lJg/ml), estimated 
by standard activity-concentration curves (Fig. 4.34);, nd • not deter-
1U.ned. 

" 
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8.2 ABSORPTION OF RF-ACTIVITY BY NATIVE IgG 

Insoluble rabbit IgG was not an effective absorb-

ent. since it removed only part of the RF incubated with 

it, and it was not clear if this failure to completely 

absorb RF was a property of the absorbent or of the RF 1t-

self. AfJ a result, absorption experiments were done using 

r 
native IgG as the absorbent. In these experiments RF was 

incubated with' native rabbit or human IgG in the presence 

of 3.5% PEG and the subsequent precipi tate removed by 

centrifugation. In the absence of IgG, pRF or mRF was 
og 

not precipitated by PEG concentt'ations up to 3.5%. When 

,incubated with either human or rabbit native IgG, pRF and 

mRF were removed from solution, as shown in Table 4.20. 
og 

It can be seen chat t his ef f ec t was dep enden t upon the c on-

cencration of IgG incubated with RF. These resu1ts show 

there was little difference in RF acUvity. remaining in the 

.uperuatant when RF activity was assayed with hARGG and with 

hARGG. 

Althoulh native IIG incubated vith RF ab-

abrbed RFrctivi ty, 1 t va. pOI.1ble tha t thi·. phenolllenon 

vas due ta interfe.rence by native Igq vith the subsequent 

deterlll1nation of RF-activity vith agsregatea • HO'lever t 

this post.i ~tl.i ty 
• 

vas miuim1zed by asssying the. mixtures of 

" RF and IgG before centri~ugation to remove complexe. and 
1 

-----_. --' 

o 
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by ana1yzing thè precipitated RF by resuspensian. The re-

sults of these exper1ments are shawn in Table 4.21. Tbe 
1 

lack of dimin1shed RF-activity in uncentrifuged( samp1es 

containing RF and na t ive IgG 1nd ieated t hat the cone en tra t ions 

of native IgG present in these so1ution~ were insufficient 

to interfere with the assay of RF-activity with aggregated 

IgG (hARGG and bAUGG). In addition, RF-act1vity was re-

coverable in the pellets emPhaSiZi~g that RF was absorbed 

by native IgG. 

, 
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TABLE 4.20 

ABSORPTION OF RF-ACTIVITY BY NATIVE IgG 

Iso1ated RF 
Concentration 

(lJg/m1) 

pRF (150) 

mRF (150) 
og 

Absorbent 
Concentration 

('Ilg/m1) 

NHGG (50) 

" (150) 

" (450) 

NRGG (150) 

" (450) 

NHGG (150) 

" (450) 

" (750) 

NRGL(45 0)_ 

" (750) 

% Activity Remaining 
(unabsorped RF = 100%) 

hAHGG hARGG 

98% (105) 72% (l05) 

48% (45) 267- (48) 

4% (18) 2% «10) 

4% (18) 5% (15) 

3% (15) 3% «10) 

61% (53) 31% (50) 

25% (30) 14% (27) 

4% (16) 3% «10) 

19% (27) 11% (25) 

, 3% (12) 1% «10) . 
plU' and mRF were ~bsorped with h~an or with rabbit na
tive IgG in Tris-NaCl buffer containing 3.5% PEG. Con
centrations in the absorption mixture wer~: RF, 150 'IlS/ 
ml; IgG, 50-750 jJgl,ml. Fo110wing .... incubation, mixtures 

"" were centrifuged and 100 'Ill of th~ supernatants assayed 
for NeRF activity. Figures 1n parentheses refer to RF 
concentration (jJg/mlh esttmated by' standard activity
concentration curves. 

.. 
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TABLE 4.21 

ABSORPTION OF RF ... ACTIVITY ay NATIVE IgG AND 

RECOVERY OF RF-ACTIVITY FROM RF-IgG COMPLEXES 

Absorbent Fraction % Activ1ty Recovered 

-' (unabsorped RF = -100%) 

hAHGG hAR.GG 

NHGG Uncentri.fuged .... 116% (150) 997- (150) 

" Supernatant 2% «10) 1% «10) 

" Pellet ~2% (108) 61% (102) 

NRGG Uncentrifuged 113% (150) 99% (150) 

" Supernatant 0% «10) 1% «10) 

" Pellet 99% (143) 85% (135) 

pRF was absorped with' human or with rabbit native IgG 
in Tris-NaCl buffer containing 3.5% PEG. Concentra
tions in the absorption mixture were: RF, 150 ug/ml; 
IgG, 450 ug/ml. Following incubation, mixtures were 
centrifuged and the pellets resuspended in Tris-NaCl 
buffer containing no PEG. 100 Ul of uncentrifuged ab
sorption mixtures, supernatants, and resuspended pel
lets were assayed for NeRF a'ctivity. [igures in pa
rentheses refer to RF concentration (J,lg/m1), estima
ted by activity-concentration curves. 
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CHAPTER V 

D ISCUSS ION 

Of the three typ es of specif icrty exhi b i ted by 

rheumatoid factors (Chapter II). two have been examined 

here in detail: species speclficity and conformational 

speC:1flcity. Rheuma to1d f ac tor s have been shown by num-

arous researchers to react w1th human and rabb1t IgG but 

not With~ .. chftlten IgG (Butler & Vaughn, 1964; Normansell 

& Stanworth, 1968; Stone, 1973). Differences in the as-

sa~s used to ana1yze the r eac t ion of RF wi t h eac h 0 f these 

an tigens have not a110wed for exact comparisons to be made 

between t~e reactiou of RF with human and with rabbit IgG. 

lt is, however, generally accepted that rheumatoid factors 

are- reac t ive wi th bo th human and rabb i t IgG and t ha t they 

exhibit little or no specificity for these two antigens 

(Normansel1, 1972; Stewart et al, 1975). The results pre-

seDted here confirm that there is no qualitative differencè 

and on1y small quantitative differencee in the reactivity 

of RF vith human and with rabbit antlgens. 

assays, 

Thé aesays "'used here, iiclucling the SCAT and LFT 

have" indica tecl tha t RF r~adi1Y ruc ts ~th ei ther 
)-

aggregated IgG, but not with ,. h,man or ;~1t .• aUv. or 

- - ---.-'~--
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chicken IgG. Data obtained with the NeRF assay uni;orm1y 

correlated with the SCAT and LFT titers, emphasizing the 

"validity" of the NeRF assay but in addition, it provided 

far more data than could be obtained with agglutination 

aasays, and emp loyed a s ing l e me t hodolo gy to s tudy the 

reactian of RF with IgG af different species. One of the 
" 

ob:vious advantages of the NeRF methodology has ,been the 

opportunity to study the reaction of RF with native IgG. 

In review1ng our result's. data obttined w!th aggregated 

antigens will be discussed first. This will allow com-

par1sons between our results and results wh'ich have be"en 

obtained by most of the established RF assays, which em-

ploy aggregated, camplexed or denature~18G as Bnt igen . 
.. 

The reaction of RF ~ith aggregated IgG in the 

nephelameter is consistent with a reaction due ta IgM-RF, 

as ev1denced by the close carrela t ion b e tween the r esul ts 

of the NeRF assay and the results of the standard aggluti-

nation assaya (SCAT and LFT). Further evldence for IgM 

rheumatoid factor being responsible far the NeRF reaction 

was tbe euglobu11n prec1pi ta tion of RF activi ty, the los s 

of RF activity following ~educt1on and alkylation, and the 

s1milarity of the reaction of 1so1ated IgM-RF and of RF in 

a large population of sera with the NeRF antigens. 

RF-sera were found to react in a qualitatively', 

similar 'manuer with aggregated rabb1t and human IgG anti-

1 

, t 
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gens in the nephelometric rheumatoid factor assay. This 

similari ty was mos t evident in the time cour se s tud i es. 

In these experiments, the time course of the reaction of 

heat-decomp1emented RF-sera was similar for two of the 

aggregated rabbit IgG antigens (gARGG and hARGG). Further-

more, these reae tions were ind ist inguishable f rom the re-

actions wi th hea t-agg rega ted human IgG (hAHGG). No obvious 

differences'" were noted1. over the time course studied (10-

120 minutes, nor wa's there any diffe~nee in results with 

regards to the concentration of antigen used. 

The reàetion of ,sARGG with RF-sera differed from . 
the time course of the reaction of the other aggregated 

antigens. Af ter 30 minutes, Ne t LS dec reased when RF-

serum was reacted with sARGG, unlike the stable Net LS ob-

tained wi th the 0 ther antigens. Al though this faU-of fin 

Net LS may represent the formation of large c9mplexes 80 

large as to be edited out of che LS computation by the 
~ 

nephelolDeter, i t remains unexplained. However, two 0 ther 
4 , , 

types of rabbit aggregated IgG (gARGG and hARGG). whi.ch 

·were found to be 1Ilore stablë and useful nephelometrically, , 

did not exhibit thia fall-off, indieatin, it vas a feature 

of the particular aggregation method and not inheren t in 

ri 
the rabbit IgG itsel!. ~he fall-off phenomenon and the 

instability of the spontaneous aggregates Upon storag~e-, . 
rendered them of very limited value in tQe, NeRF asssy. The 

" 

.. 
-~-__ ~_"--"~ ..... ~ .... -t--
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higher concentration of sARGG required ta elicit reactions 

of the same Net LS as produc~d by gARGG or hAHGG, is eoc-

,plainable by a lover concentration of aggregates in the 

sARGG. The removal of non-aggregated material from sARGG 

by gel filtration, produced an sARGG preparation (Fraction 

1) vhich could be used at 'the same c~ncentration as the 

other ~ggregated antigens. ~o~ever, Fractioq l also ex-

hibited the fall-off phenomenon, like unfractionated 

sARGG. This suggests that the fall-off was not due to the 

presence of non-aggregated IgG. Other than this unexplained 
" 

fall-off, the reactions of sARGG vith RF-serum vere similar 

,to those obtained' vith gARGG, hARGG and hAHGG. 

Neither the time course of the NeRF reaction, nor 

-
the antigen concentrations used in the NeRF assays vere 

able to effect~vely identify a RF species preference. Sim-

ilarly, comparison~ between the ~ëRF assay results obtained' 
J> 0 

vith the reactions of over 250,S"ra vith the two antigens 

failed to identity any obvious species specificity vhich 

vould have been manifested by quantitative differences in 

reactiv1ty with the different antigens used. In addition, 

comparisons of these assays vith the class!cal SCAT or LFT, 

failed 'to show any significani discrepancy in RF-reactivity 

with either human or rabpit antigens. When one excludes 

the sera which can be considered sero-negat1ve (SCAT ~ 1:32; 

LFT S 1:32), then there 1s no evidence that there is any 

" . 
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preference for either raobit or human antigen in sero-

p~sitive sera. Within the sero-negative r~nge, however, 
> 

s1ight prefer~nèe~ for oneor the other antigen may be 
., 

evident but thisfcan be eip1ained in terms of the sensi-

tivity of the ~arious assays ~or detecting such s1ight 

RF-reactivity. 

.. , Iso1ated po1yc1ona1 rheumatoid factor (pRF) also 

reacted with eath of the raobit and human aggregated IgG 

antigens in the nephelometer. This reaction, like that of 

RF in serum, showed a time course which was sim"ilar ,for the 

rabbit and human aggregates and furthermore, the same con-

centrations of each antigen produced similar resu1ts. ' Tnus, 

isolated polyclona1 RF failed to exhibit any species p~~fer-

ence. 

Th~ reactions of pRF vith either human or rabbit 

aggregated IgG were indistinguishab1e for 10-120 minutes 

incubation. In addition, the reaction of pRF within the 

first 10 minutes was similar when pRF was reacted with 

either hARGG or hAHGG, emphasizing that thé species speci-

ficity was the same. This was evident with peak rate V max 

and Km measur~ments, and indicates the lack of quantitative 

difference in this reaction, using hARGG and hAHGG. Both 

rabbit and human aggregated IgG absorbed pRF, but on1y the 

human insoluble antigen comp1etely removed pRF activity. 
,; 

The aggregated rabbit antigen removed on1y 9-33% of the RF~ 

( 
l , 
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activity, representing 50% of the pRF concentration. This 

difference, however, appears to reflect, ~he _ inefficiency 

of the insoluble rabbit antigen ta absorb RF rather than 

ta suggest a species specificity of pRF. This is shown by 

the ability of rabbit- native IgG to completely absorb 'pRF, 

1ike the human native or aggregated IgG. 

From these experiments, it was ,apparent that RF in 
1 

serum or in ,purified form did not show species specificity 

for rabbit or human IgG which had been aggregated. How-

ever, i~ did s~ow specificity which excluded it from reac-, 

ting with chicken IgG in the nephelometer. These results 

confirm earlier work done with RF assays which have em-

ployed aggregated, complexed or denatured IgG as antigen. 

Table 2.2 lists the assays which have been used to assay 

RF. It is apparent that the antigens used in these assays 

have been aggregated (eg. nephelometric or precipitation 

assays); complexed (eg. SRBC-an~i-SRBC antibodies of the 

SCAT); or denatured by immobilization or labelling (eg. 

L~T or other solid phase assays). These methods, there-

fore, have in common the ,use of non-native IgG as antigen 

(Maiolini et al., 1978; Gripenberg et al., 1979). Re~ 

view!ng Table 2.2' show,s that rabbi t and human IgG are 

widely employed as antig~ns in these assays, emphasizing 

that RF can react with either antigen. However, direct 

compariso~s of RF reactlvity with rabbit and human antigen~ 

, , 
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are few. Bartfe1d (1969b), Waller (1969), Cathcart et al. 

(1975), and Stankaitiene and 'co-workers (1978) have ex-

amined the reactivity of RF with rabbit and human antigen. 

Significant differences in reactivity were not observed 

with aggregated, complexe~ or denatured antigens. Only 

Stankaitiene and co-workers used the same methodo1ogy ta 

compare the reactions of RF with rab~it IgG and with hu-

>man IgG, and failed ta demonstrate any differences in reac-

tivity. Our results, using a single methodology, as weIl 

as SCAT and LFT assays, have also shawn there i5 no apparent 

RF specificity for rabbit or human !gG which has been 

aggregated, comp1exed or denatured. 

,One of the advantages of the ~eRF methodology has 

been its use tOI show that RF reacts with native IgG. In 

the pakt, the analysis of the reaction of RF wtth native 
, r 

IgG has been confined to ultracentrifugation (Christian, 

1959; Normansel1, 1970; 1971) and equilibrium binding 

methods (Normanse11, 1971; Dissapayake et ~l., 1977) and, 

to inhibition studies (Grubb, 1956; Henney and Stanworth, 

1965; Allen and Kunkel, 1966; Johnston and Abraham, 1979). 

The development of the NeRF assay provided a method to 

study this phenomenon direct1y and to compare the reactions 

of RF with rabbit and human native IgG as weIl aa with 

aggrega~ed antigens. 

The first consideration in disc~ssing the re~ction 
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between RF and native IgG i9 to establish that native IgG 

pt;eparations are truly "native". Although it i9 probably 

not possible to definitely demonstrate that a preparation 

of native IgG i9 totally native, the "nativeness" of IgG 

used here can be inferred from some of our data. One of 

the most important observations in this regard was the 

reaction of Clq with aggregated IgG and its nan-reactivity 

with native IgG. Like other Clq binding assay9 (Zub1er 

et al., 1976), Clq in the ,nephelometer was capable af 

~etecting as 1ittle as 3 ~g/m1 of aggregated IgG. 
, 0 

Thus, 

the native preparations used here had to contain 1ess than 

3 ~g/m1 of aggregated IgG, sin~ Clq fai1~d to react with 

them. The, NeRF re~ction of pRF with native IgG (800 ~g/m1) 

was equivalent to the reacti~n e1icited by 50 ~g/m1 of 

aggregated IgG, which contained >99% aggregated IgG (Results 

l.l.1h As a result', the reaction of RF with native IgG 

ca,nnot be attributed to aggregated IgG pre~'ent in the 

native IgG preparat~ons . 

. There are additional data to support the "native-
1 

ness" of our native IgG: ge~ filtration which showed that 

the natfve IgG eluted as a single symmetrical peak of ab-

sorbancy; ultracentrifugation (90,000 x g; 75 min) which 

removed insoluble materials; and filtration ,through 0.22 

~m filters. The'effects of polyethylene glycol (PEG) on 

the reaction of RF with native IgG also suggested that non-
1 

• 
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native IgG was absent from our native IgG ·prepara~ion. 

Increasing concentrations of PEG enhanced the reaction of 

RF with native IgG whereas PEG concentrations in excess of 

1% diminished the re.ction of RF with aggregated IgG. 

Finally in an attempt to avoid*potential denaturation of 

IgG associated with isolation procedures, pRF was added to 

serum. The reacti?n of pRF when added ta normal serum 

and the smaller reaction when added to agammaglobulinemic 

serum were quantitatively similar to the results obtained 

with isolated native IgG. These results again suggest RF 
\ 

reacts with IgG which is native. 

In 1% and 2% PEG, the reaction of pRF with native 

IgG was similar for human and for, rabbit native IgG, when 

" analyzed by the time course of the NeRF reaction over 5-60 

minute~ of incubation. Antigen concentrations from 100-

800 ~g/m1 fai1ed to reveal any diff~rences in reactivity. 

Kinetic analysis also showed that the peak ~ate, V and 
max 

K were remarkably similar for rabbit and human antigens. m 

Furthermore, the effects of different concentrations of 

PEG a1so support the conclusion that pRF reacts si~ilarly 

with rabbit and human native IgG. In the absence of PEG, 

the reaction of pRF witb NRGG was much less than the pRF 
~ 

react!on with NHGG (Results, Table 4.14). This was re~ 

flecte9 in lower peak rate, V and K values. The lower max m 

V of the reaction of pRF with NRGG, which is accelerated 
max 
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by the addition of PEG ta reaction mixt'ures, wou1d account 

for the dec reased reac t i vi ty of pRF wi t h NRGG, when the 

assay ia read at a fixed time interva1 (eg. 30 -min). 

PEG exerts profound effects upon the reaction of 

RF with IgG, ln that it accelerates the rate or reaction 

'and increases the Net LS of the reaction of RF wlth a 

glven concentration of antigen. The mechanism whereby 

effects occur Is unknown despite its widespread Qse in a 
. 

variety of Immunolo~ical assays. lt ls un1ikely that PEG 

enhances the RF-IgG reaction by aggregating the IgG anti-

gen, since the LS "of native IgG alone...as not increased by 

PEG in contrast to aggregated IgG. 
1 

Also, at high. concent-

rations of PEG, the Net LS of RF-aggregated IgG reactions 

is diminished unlike with RF-native IgG reactions which 
1 

are enhanced. Furthermore, the PEG effect ls reversible 

and does not alter the ,subsequent reaction of RF with IgG 

(Results, Fig. 4.33). The weIl recognized enhancement of 

~ntigen-antibody reactions, which do not involve denatura-

tian or aggregation of antigen, also suggests PEG has an 

effect on the RF-Ig&,feaction whlch ls not due to the de-

naturation or aggregation of IgG. 

Monoclonal rheumatoid factor (mRF ) reacts with 
og 

both rabbit and human native IgG but the reaction with rab-

bit Is extremely small when compared with the mRF -human 
og 

IgG reaction or the pRF-natlve IgG reactions. Aggregation 
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of IgG increased the reactions of both rabbit and human 

antigens, making the quantitation of the mRF -rabbit IgG og , 

reactibn possiole. Thus, one observes a great difference 
. . 

in react~vity between rabbit and hum~n IgG with this mono-

clonaI protein. However, mRF still exhibit'ed weak reac-
og 

t ivi ty wi th the rabb i t an tigen, presumab ly refle c ting low 

affinity for this antigen. This has beell found with other 

monoclonal IgM-RF prepa'I'ations' (Stone, 1973)'and also' for 

mRF by an ELISA RF assay (Karsh, 1981). 
og 

The aggregated IgG used here was a large, poly'-

disperse macromolecular complex in contrast to the uni-, 

form native IgG. Although the absolute differences in 

light scattering b~tween tha reactions of RF with aggre-
, 

g a ted and wi t,h na t ive IgG could be due to diff erences in 

antigen size. the similar reactivity of aggregated IgG with 

two preparations of monoclonal' RF (mRF and mRF i) and 
og m.' 

1 

wi th po lyclona1 RF makes possible compari sons ind epend en t· 
IP' • 

of antigenic size. Each of ~hese rheumatoid factors reac-

ted differentIy'~ith native IgG, indicating therenhad ta be 
" -

a change in react~vity oyat Ieast two of these RF prepar-

ations to, produce sim1lar aggregate reactions (Fig. 4.32). 

l t is not pos t! ible to conciude if this change in ·reac t i vi ty 
• 

was due to: 1. a change in the affinity of rheumatoid 

factors for aggregated IgG; 2. mui t i valency; or 3. un-

masking of new.antigenic sites. However, it la unlikely 
~ 

, . 

.' 



178. 

that unmask~ng of antigenic sites accounts for these 

changes, since monoclonal RF (mRF ) was completely absorb-
og / 

ed by native IgG; implying that the same antigens had to be 
" 

present on native and aggregated IgG. The nephelometer 

provides quantitative data on the rates of reactiorl of RF 

"" with ~gG, by the relationship of these kinetic measurements 

ta measurelllents fo RF affinity remains to be elûcidated. 

The use of a monodisperse preparation of .immu~e complexes 

(prepared in antigen excess) would avoid the pfoblems in-

herent in the polydisperse aggregates, and could provide a 

reagent whereby such measurements might be made. In' add-
, 

ition, it would then be possible to confirm that a change 

in reactivity of RF with aggregated IgG was due to mu1ti-
. 

valency, a view favored by most investigators (Normanse11, 

1971; Eisenberg, 1976; Dissanayake et al., 1977; Hunneyba11 

and' Stanworth, 1979). 
, 

Laser nephelometry 

the assay of numerous serum 

has been~n to be useful for 

proteins inc~ng RF. Our 

resu.lts 1ndicate that the nephe10metric RF assay 18 a 

• va1id anà versatile asssy. In analyzing the nephe10metric 

1 reaction of RF w1th IgG, severa1 methods, in addition to 

the NeRF assay, have bee,n developed. These inc1ude: 

1. New methods for the aggregation of rabbit Igd, 
",.,.; 

using glutaraldehyd~ and heating; 

" 
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2. An aasay for the reaction of RF with native 

IgG with its obvious advantages in being a 

fluid-phase reaction; 

3. Technique s for the kine'ti c analys is of RF wi th 

aggregated and native IgG, which is a model 

system for other immune reactionsj 

4. The feasibility of nephelometrically assaying 

5. ' 

immune complexe s by t heir capa1c i ty to b ind C lq; 

A method for absorbing RF with native IgG, 

p~oviding a simple and gentle ~ethod of 150-

lating RF which does not require harsh treat-

ment to recover the RF from the immunosorbent; 

6. A simple but useful method for delipiqating 

biologieal fluids by Freon-MF tre.tment. 
, . 

In addition to these methodological developments 

our work has defined the reaction of RF with IgG, showing 

that human rheumatold factor reaets with native IgG as weIl 

as with aggregated IgG. Differences in the reaction of RF 

. 
with humap and rabbit IgG could not be demonstrated, des-

pite extensive nephelometric ana1ysis which included kin-

etlcs,'different methods of antigen preparation, and the 
4 

'survey of over 250 sera. A1though agg~egated IgG is the 

reference antigen in most RF assays, resu1ts here show 

that native IgG ls a1so an antigen for RF. RF reacted with 

native IgG either iso1ated or in serum. , This fluid-phase 
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reac tion exhibi ted biological aéti vi t'Y,' démons tra ted by the 

binding of Clq ta RF-IgG complexes. Furthermore, both 

rabbit and humannative IgG were able to absorb RF. empha-

sizing the lack of spee:j..es sp eeif ie i ty exhibi ted by human 
} 

rheumataid taetor. ,. 

1 

'" 

-<, 

.. 



J 

REFERENCES 

Abraham G, Clark R, & Vaughn J: (1972) Charaeterization of 
an IgA rheumatoid fa:<:tor: Binding properties and 
reaetivity with the subelass of human yG globu1in. 
IMMUNOCHEM, 9:301. 

c 

Abruzzo J. & Heimer R: (1974) The measurement of IgG-anti 
IgG antibody in rheumatoid arthritis. J !MMUNOL 
METHODS, 4:149-160. 

, Agnello V. Arbetter A, Ibanez de Kasep G, Powell R, Tan E, 

, ',
\ • 

Agnello 

Aho K, 

Aho K: 

& Joslin F: (1980) Evidence for a subset of 
rheumatoid factors that eross-react with DNA
histone and have a distinct cross-idiotype. 
J EXP MED, 151:1514. 

V, Ibanez de Kasep G, Arbetter A, & Spitz J: (1!J78) 
Significance of rheumatoid factors cross-reactive 
with DNP-protein (DNP\). ARTHRI!IS RHEUM 21:540. 

& Simon K: (1963) Studieb of the antibody nature of 
the rheumatoid factor: Reaction of the rheumatoid 
f ac tor wi th human sp ecif ic pree ip ita t es and with 
native human gamma globulin. ARTHRITIS RHEUM. 
6": 676. 

(1961) A normal series for rheumatoid sero1ogy 
eollected by random sampling. ACTA RHEUM SCAND 
7: 18. 

J 
Aitcheson C, Peebles C, Joslin Ft & Tan E: (1980) ,Charaeter-

isties of antinuelear antibodies in rheumatoid 
ar thri tis. Reactivi ty 'of rheullla toid f ac tor wi th 
a histone-dependent nuclear antigen. ARTHRITIS 
RBEUM, 23: 528. 

Allen J, Kunkel H: (1966) Hidden rheumatoid factors with 
speeif1eity for native gamma globu1in. ARTHRITIS 
RHEUMATOL, 9:758. 

Anse1l B, HolborQow J, Zu tshi D, Read ing A, & Eps'tein W\: 
(1969) Comparison of three serologieal tests 
in adult rheumatoid arthri tis and Still' s Disease 
(Juvenile rheulIlato1d arthrit1s). ANN N Y ACAD 
SCI,168:21. . 

J 



Assimeh S, & Johnso~ P: (1980) A haemagg1utination method' 
for detec tion of RF using preserved erythrocytes 
cova1ent1y coated w~th human IgG. J IMMUNOL 
METRODS, 34:205-215. 

Astorga G, & Williams R: (1969)' Altered reactivity in mixed 
lymphocyte culture of lymphocyte~ from patients 
with rheu.atoid arthritis. ARTHRITIS RHEUM, 
12:547. 

Avrameas S, & Ter-nynck T: (1969) The cross 1inking of pro
t~ins with glutara1dehyde and its use for the 
preparatioIf of immunoadsorbents. IMMUNOCHE'M. 6':53. 

BalI J: (1950) A serum factor in RA agg1utinating sensitized 
"-sheep ce11s. LANCET, ii, 520. 

, 
Bartfeld H: (1969a) .Introduction to: Rheumatoid Factors 

and Their Biologiea1 S 19nif ieance • ANN N Y ACAD 
SCI, 168:3. '> 

Bar tfe1d H: (1969b) Dis t ribution fo rheuma toid fàe tor ae
ti vi ty in nonrh'eumato id sta tes. ANN N Y ACAD SCI 
1'68:30. 

Bell C, & Schur P: (1975) ,Antibodies dsDNA in patients with 
" rheumatic diseases other than sys temfc' 1upus

(SLE). ARTHRITIS RHEUM, 18: 535. 

Bianco N, Panush R, StUlman J, & Schur P: (1971) Immuno-
logie stud'ies of juvini1e rheumat01'll arthritis. 
ARTHRITIS RHEUM;-- 14:685. 

Bianëo N,' Dobkin L, & Schur P: (1974) Immuno1ogiea1 prop-
ertiee of iao1ated IgG and IgM lnti-ga •• a globu1ins 
(rheu •• toid fac tors) CLIN EXP IMMUNOL. 17: 91. 

Bonomo L, Lospa11uto J, & Ziff K: (1963) Anti-galllllla ,glob
ulin factora 1n 1iver diaease. ARTHRITIS RHEUM, 
6:104. ~ .~ 

Bonolllo L, G111ard1 U. 6 Tura1 A: ~ (1966) Anti"-y-g1obulin 
and ant1nuc:l.ar factor. 1n chron1c: bronchi t1a • 
Relation ta diaeaae coutae and bypera10bu11neai •• 
AXER J CLIN PATH, 45:313. 

Boz ieevic: h J, Bunim J J Freund J. & Ward S: (1958) Benoni te 
floêculation' te.t for rhel,lllla toid arthri t1s. l'ROC 
SOC EXP BIOL MED, 97:180. 



.. 

• 

• 

:..\. 
\ 1 

Bradfo,rd D: (1965 ) 
nucleosus. 

RA latex test in infectious mono
J ROY ARMY MED CPS, 111:240. 

Buffone G, Savory J, & Hermans J: (1975) Evaluation of 
kinetic light scattering as an approach to the 
measurement of specific'proteins with the eent

rrifuga1 a9a1yzer. II. Theoretica1 considera
tion.. CLIN CHEM, 21:1735. 

Butler V,'~ Vaughn J: (1964) Hae~agg1utination by rheum
! atoid factôr of cè11s coated with animal gamm~

tlobu1ins. PROC SOC EXP BIOL MED, 116:585 

Butler V, & Vaughn J: (1965) The reaction of RF with ani
mal globullns: Quanti t;a t ive cons.idera tions. 
IMMUNOL 8:144. 

" .r 

Carson D, Lawrence S, Catalano M, Vaughn J, & Abraham G: 
(1977) Radioimmunoassay of IgG and I~ rheumatoid 
f ac tors re~c ting wi th Human IgG. J . .];:~;~rblOL, 
119:295-300: .,[,;, 

Carson D, & Lawrence S: (1978) Light chain heterogeneity of 
19S and 7~ anti-gamma-g1obulins in rheumatoid arth
ritis and subacute bacteria1 endocarditis. 
ARTHRITIS RHEUM, 21:438: 

Cathcart B', Williams R, Ross Hte Calkins E: (1961) The 
relationship of latex fixation test to the clinical 
and sero1ogical manifestations of reprosy. AMER 
J MED, 31:758. 

Cathclrt E, & O'Sullivan J: Cl969) A 
~, rheumatoid factors in a New 

NY ACAD SCI, 168: 41. ' 

itudinal study of 
and town. ANN 

Cats At & Hazevoet H: (1970) Significan e of positive tests 
for rheumatoid factor in the p ognosis of rheum
atoid artlifitis. ANN RHEUM DIF' 29:254. 

Cats A, & Klein F: (1'970) Quantitative/aspects of' the lât"ex- • 
fixation and Waa1er-Rose test. ANN RHEUM, . ( 
29:663-672. 

Cerot:tni J-C, & Grey oH: . (1969) Bindinr properties of mono
clonal yG-antiglobu1in facto s with hum an yG. 
ANN N Y ACAD SCI, 268:76. 

Chavin S, & Franklin E: (1969) Rheumatoid ,factors and the 
stfucture and function of yM antibodies. ANN N Y 
ACAD SCI, 268:84 • 



, 
" 
, 

\-

~odirker W, & Tomasi 'r: (1963) Low mo1ecular-weight 
rheumatoi!i factor. J CLIN INVEST, 42:876. 

Christian C: (1958), Characterization of the 'reactant' 
(gammag1obu1in factor) in the F-II precipitation 
reaction and the F-II tanned sheep ce11 agg1u t-
ination test. J, EXP MED, 108:139-157. \ ___ --V-

Christian C: «(1959) A study of rheumatoid arthritis s,era: 
Compariso~ of spontaneous precipitates and ~'mma
globulin-induced precipitates. \ARTHRITIS liBEUM, 
2:289. 

ç r e i g h ton W, Lam ber t P, & Me i se h e r P: ( 197 3) De tee ti 0 n . 0 f 
antibodies and so1ub1~ ag-ab complexes by.precip
itation with polyethylene glycol. J IMMUNOL, 
11.1! 1219-1227. 

Cro thers D, & Metzg er H: (1972) The inf 1uence of p o.1yva 1ency 
on the binding properties of antibodies. 
IMMUNOCHEM, 9: 341. 

Davies G: (1971) The use of a sensitive mieronephe1ometer 
in the estimation of antigens and preeipitatinK 
antibodies. IMMUNOL,20:779. 

DeBlecourt J, Boerma F, & Vorenkamp E: (1965) Oc curenc e" of 
rheumatoid factor in, serum of the aged. ANN 
RHEUM DIS, 24:180: 

Dean H: (1912) On the factors concerned in agg1utinat:!on. 
PROC 1 ~OYAL SOC LONDON, Seri es ~, 84: ~ 16. 

Deaton C, Maxwell K, Smith R, & Crev'eling R: (19-76) Use of 
nephelometry in the measurement of serum prote'ins. 

~ 

CLIN CHEM. 22: 1465. 

Deutsch H: (1967) Preparation of :1mmunog1obu1iti concentrates"~ 
In Methods in Immunology and Immunoehemistry." 
Edi ted by C Will iame and M Chase. vol 1. page 
316. New York, New York. Academie Press. 

" 

Dezi1ic N, 'Zergollern V, Dezelic G, Durrigl, T. Jurak H. 
Vitaus M, & Androic S: (1978) The photometrie ,I!;.11 

la t ex test' for rheumato id f ac tOrs in pa t ients vi th 
RA. Correlation with other serologie tests, Z 
RHEUMATOL, 37:93-104. 

Dissanyake S, Hay F, & Roitt: (1977) The binding cons'tants 
of IgM rheumato~d factors and the~r univalent 
fragments for native and aggregated human IgG. 
IDUNOL, 32: 309. 



ç 
1. 

l 

i 

f' 
) 

IL 

Dito W: (1978) Quanl:itation of rheumatoid factor by latex 
particle aggregation measurement. ÂM J CLIN 
PATHOL, 69:147-155. 

Duke R, Gi1more N, & Osterland C.K: (1980) Similar reac
tivity of human rheumatoid factor with human and 
rabbit aggregated IgG. CLIN RES, 28:A705. 

Duthie J, Brown P, True10ve L, Baragar Ft & Lawrie: (1964) 
Course and prognosis in rheumatoid arthriti~. 
ANN ·RHEUM DIS, 23:193. 

Edberg S, Bronson Pt & Van Oss C: (1972) The va1ency of 
IgM ,and IgG rabbit anti-dextran antibody as a 
func t ion. of the si ze of the dextran mole cule. 
IMMUNOCHE1'I, 9:273. 

Ede1man G. Kunkel H t & Franklin E: (1958) In terae ti on of the 
rheumatoid factor with antigen-antibody complexes 
and aggrega ted gamma globulin. J EXP MED ~ 108: 105. 

Eisenberg R: (19~6) The specificity'and po1yvalency of 
binding of a monoc1ona~ rheumatoid factor. 
IMMUNOCHEM, 13: 355. 

Epstein W: (1969) Introduction to: Rheumatoid Factors .and 
Their Biolog ica1 S ignif icance. ANN N Y ACAD SC l, 
168:4. 

Epstein W, Johnson At & Ragan c.,: (1956) Observations on a 
~recipitin reaction be~ween serum of patients with Î 
-rheumatoid arthritis and a preparation (Cohn 
Fraction II) of human gamma globu1in. 'FROC .SOC . 
EXP BIOL MED, 91:235. 

Epstein'W, & Ettgleaan E: (1959) The relation,of the rheum
atoid factor content of serum 'to c1inical neuro
v.ascular manifesations' of rheumatoid arthritis. 
ARTHRITIS RHEUM, 2:250. 

Epstein W, & Tan M: (1961) Chromatograpllic study of human 
serum by gel filtration. J CHROMAT, 6 :,25 8. 

Epstein W, & Tan M: {1962) Gamma g10bulin interactions in 
the sera of 2 patients with rheumatoid arthritis 
studied b1 gel filtration. J LAB CLIN MED, 
60:125-137 • . , 

. f 
;.. 



Estes D. Atra E. & Peltier A: (1973) An immunofluorescence 
method fo the ~etectioh of anti-gammaglobu1in 

'antibodies. ARTHRITIS RHEU, 16:59. 

Fahey J, & Terry E: (1973) Ion exchange chromatography and 
gel -filtration. In Handbook of Experimental 
Immunology. Ed-it";d by D. Weir. 2nd edition, 
chapter 7~ Oxford, Alden & MQwbray. 

FinleyP, Hicks J, Williams J, Hi'nlicky J, & Lichti D: (1979) 
Rate nephelometric measurement of rheumatoid 
factor in serum. CLIN CHEM, 25: 1909-1914. 

Franchimont P, &,Suteanu S: 
rheumatoid factor. 

(1969) Radioimmunoassay of 
ARTHRITIS RHEUM, 12:483.' 

" Franklin E, Hoi:man li, Muller-Eberhard H, & Kunkel H: (1957)· 
An unusual protein component of high molecular 
we~ght in the serum of certain patients with 
rheumatoid arthritis. J EXP MED, 105:425. 

Fudenberg H, Gold E, Vyas G, & MacKenzie 'M:, (1968) Human 
antibodies to human IgA gOl,bulins. IMMUNOCHEM 
5: 203. ' 

Gaarder P, & Natvig J: (1970) Hidden rheumatoid factors 
react{ng with tnon-a' and other an~igens of native 
auto1ogous IgG. J IMMUNOL, 105:928. 1 

Gabriel A, & Agnello V: (1977) Detection of immune complexes. 
The use of radioimmunoassays with Clq and mono
clonal rheumatoid factor. J CLIN INVEST, 59:990. 

Ga,ll E, Temp1in D, & Dito W: (1978) Automated rheumatoid 
'factor- assay in a population oi patients with 
,r rheuma tic disease.. ARTHRITIS RHEUMATOL, 21: 224':228. 
, 

Gell P, & telus A: (1967) Anti-antibodies. ADV IMMUNOL 
, 6: 461. ' 

Glynn L: (19681 In Clin~c~l ,Aspects of Immunology. Edited 
page 848 1,y. P .. Ge1l and R. ,'Coombs. 2nd editioI). 

Oxford, Blackwell. 

Goldber$ R, & Campbell D: (1951) The 1ight-scattering 

" 

, propert1es 'ôf an antigen-antibody 'react1on. J 
IMMUNOL, 66:79. 

\ 

11 



Grennen D, Slaone D, Behau A. & Carson D: (1977) Clinica1 
significance of antibodies to native DNA as 
measured by an ANA binding technique in patients 
with articular features of rheumatoid arthritis. 
ANN RHEUM DIS, 36:30. 

Gripenberg M, Wafin F. Isomaki H. & Linder E: (1979) A 
simple enzyme immunoassay for the demonstration 
of rheumatoid factor. J IMMUNOL METRODS, 
31:109-118. 

Grubb R, & Lau~e11 A: (1956) Rereditary sero1ogical human 
serum groups. ACTA PATROL MICROBIO~ SCAND, 
39:,390. 

Grubb R: (1956) Agglutination 
'incomp1ete' anti-Rh 
and some other sera. 

1 

groups. ACTA PATHOL 

of erythroêytes coated with 
by certain arthritic sera 

ThQ existence of human serum 
MICROBIOL SCAND. 39:195. 

Ha11gren R: (1980) Kinetic measurement of the interaction 
of rheumatoid factor with IgG-coated latex part
ic1es and the influence of the first component 
of complement. CLIN EXP IMMUNOL, 39:154-1'63. 

. 125 
Ha11gren R, & Wide L: (1977) Precipitation of I-1abe1led 

IgG aggregates by factors in sera of hea1thy 
individua1s and of patients with ~heumatoid arth
ritis. ANN RHEUM DIS, 36:21-29. 

Hannestad K: (1969a) Mono.c1ona1 and po1yc1ona1 yM rheumatoid 
factors w~th anti-di- and anti-trinitropheny1 
activity. CLIN EXP IMMUNOL, 4:555. 

Hannes tad K: (196 9b) yM rheuma toid f ac tor s reac t ing wi th 
nitropbeny1 groups and denatured deoxyribonue1eic 
acid. ANN N Y ACAD SCI, 168:63. 

Hannestad K. & Johannessen A: (1976) Po1ye1ona1 human anti
bodies to IgG (rheumatoid factors) which cross
react wïth ce11 nuclei. SCAD J IMMUNOL. 5:541. 

Hansson Ut & W1nblad .S: (1978) A simple routine method 'for 
det~ct1ng hidden rheumatoid factors. J IMMUNOL 
METHODS. 22:155-164. 

Harboe Mt & Lundeva11 J: (1959) A new'type in the Gm system. 
ACTA PATHOt MICROBIOL SCAND. 45:357. 



----~------------------------------------------------: 

.. 

Harboe M: (1959) A new haema~glutinating substance in the 
Gm system, anti-Gmb . ACTA PATHOL MICROBIOL 
SCAND, 47: 191. 

Harrington J, Fenton J, & Pert J: (1971) Palymer-induced 
precipitation of antigen-antibody complexes: 
'Precip1ex' reactions. IMMUNOCHEM 8:413. 

Hay F, Nineham L, Torrigiani C, & Roitt 1: (1976) 'Hidden' . 
IgG antig1obu1ins in normal serum. CLIN EXP 
IMMUNOL, 25: 485. 

Hay F, Nineham L, Peruma1 R, & R,oitt: (1979) Intra-articu1ar 
and circulating immune complexes and antiglobulin 
(IgG and IgM) in rheumatoid arthritis: Corre
lation with c1inica1 features. ANN RHEUM DIS, 
38'; 1-7. 

Heimer R, & S<;h~artz E: (1961) Iso1ati.on of rheumatoid 
factcfts. ARTHRITIS RH~UM, 4:153. 

He i mer R , Sc hw art z E, & Fr e y ber gR: ( 1 962) Di f fer en t rh e u m
atoid factors in the serum of one patient with 
rheumatoid arthritis. J LAB CLIN MED, 57:16. 

Heimer R, & Nosenzo C: (1965) Pseudog1obulin rheumatoid 
factors. J IMMUNOL, 94:502. 

Heller G, Jacobsen S, Kolodny H, & Kammerer: (1954) The 
hemagglutination test for rheumatoid arthritis II. 
The influence of human plasma fraction II (gamma 
globu1in) on the reaction. J IMMUNOL, 74:66. 

Hel1sing K: (1969) Po~ysaccharide-enhanced precipitin reac
tions with antigens of various sizes: BIOCHEM J, 
114:145. ' - , 

Henney C:(1969) Structural and conformationa1 specificity 
of the antigen for rheumatoid factor. A~N N Y 
ACAD SCI, 168:~2. 

Henney C, & Stanworth 
factor with 
In Protides 

" H. Peeters. 

D: (1964) The reactivity of rheumatoid 
serum 75 y-g1obulins of various species. 
of the Bio1ogical Fluids. Edited by 
12:155. 

:. . 
Hénney C, & Stanworth D: (1965) The reactivity of rheumatoid 

factor with human yG globu1in. IMMUNOL. 9:139. 



. ' 

""--- -

Henney C, & lshizaka K: (1968) Heterogeneity in antibôdies 
specifie for aggregated human G-g10bu1in. J 
IMMUNOL, 101: 79. 

Henney C, Jefferis R, & Stanworth D: (1968) Studies on low 
molecular weight peptides deri'ved from human gamma 
globu1in. Identification of rheumatoid factor
reactive peptides in prote,olytic' digests. BlOCHIM 
BIOPHYS ACTA, 154:295. 

Ho1lander J, McCarty D, Astorga G, & Castro-Murillo E: (1965) 
Studies on the pathogenesis of rheumatoid joint 
inflammation. l. The 'RA cell' and a working ~7 
hypothesis. ANN INTERNAL MED, 62:271. 

Hornick C, & Karush F: (1972) Antibody affinity-llI. The 
role 0 f mul tiva 1 ence . IMMUNOCHEM, 9: 325. 

Hunneyball l, & Stanworth 0: (1979) Studies on immune 
tolerance to heat-aggregated human IgG in rabbits: 
Its relevance to the production of rheumatoid fac-
tors. IMMUNOL, 37:529. t. 

Hurd E, 

Husmann 

LoSalluto J, & Ziff M: (1970) Formation of leukocyte 
inclusions in normal polymorphonuclear cells 
incubated with synovial fluid. ARTHRITIS RHEUM, 
13:724. 

K, Richter 0, 'Jacobi E, Lakomek H-J, & Kruskemper 
H-L: (1979) Quantitative messung von antigamma
globulinfaktoren (Rheumafactoren) mittels der 
laser nephelometrie im verglich zum latex
agglutinationtest und Waller-Rose test. MED WELT, 
30:611-613. 

~ 

lIter 0, & Turner M: (1973) Determination of IgG antiglobulins 
in rheumatoid disease using inso1ubi1ized human 
IgG. CLIN EXP lMMUNOL, 15:93-101. " 

Johnson P~(1979) IgM-rheumatoid factors cross-reactive 
~with IgG and a cell nuclear antigen: apparent 

'masking' in original serum. SCAND J IMMUNOL 
9:461. 

Johns ton S, & Abraham G: (1979) S tudie s of human an ti .. IgG 
'cryoglobulins. 1. Patterns of reactivity with 
autologous and isologous human IgG and its subunits. 
IMMUNOL, 36:671-683 . 



f 
'--

\ 

Johnston S, Jorizzo J, ,Liberman D, & Abraham G: (1979) 
Studies of human anti-IgG cryog1obulins, II. 
Isoelectric focusing characteristics of the re
active antigen and residua1 serum IgG pools. 
IMMUNOL , 36:707-710. 

Jones C, Rousseau R. & Maxwell K: (1979) Quantitation of 
rheumatoid factor activity by nephelometry. AMER 
SOC CLIN PATBOL, 72:432-436. 

Kallerup H, Egeskjo1d E, & Gauda1 H: (1979) IgG-, IgA-rheum
a.toid factors in healthy adults ,and rheumatroid 
patients determined by an. indirec t immuno
fluoresence method. SCAND J RHEUM, 8:1-9. 

Kaplan R, Curd J, Deheer D, Carson Dt Pangburn M, Muller
Eberhard H, & Vaughn J: (1980) Metabo1ism of C4 
and factorB in rheumatoid arthritis. Relation to 
rheumatoid factor. ARTBRITIS 'RHEUM, 23: 911. 

Karsh Je: (1980) personal communication. 

Killingsworth L, & Savary J: (1972) Manual nep~e1ometric 
methods for immunochemical determination of 
immunoglobu1ins IgG , IgA and IgM in human serum. 
CLIN CHEM, 18:335. 

Kil1ingsworth L, & Savory J: (1973) Nephelometric studies of 
the precipitin reaétion: A mode1 system for spec
ifie protein measurements. CLIN CHEM, 19:403. 

Klein F, 

Klein Ft 

Valkenburg H, Van Zwet T, & Lefeber G: (1966) 
Characterization of two different agglutinators in 
the latex fixation test, occurring in normal 
hu~an serum. IMMUNOL, 10:87. 

Bronsve1d W, Nord W, Van Romunde L, & Singer J: 
0:;.> 

(1979) A modified latex-fixation test for the 
detection of rheumatoid factors. 

Kne~ V, & Reimer C: (1977) An indirect solid-phase micro
radioimmunoassay for human IgM-anti-IgG rheumatoid 
factor. J IMMUNOL METBODS, 18:105-121. 

Koopman W, & Schrohen1oher R: (1980) In vitro synthe~is of 
IgM rheumatoid factor by 1myphocytes from hea1thy 
adults. J IMMUNOL, 125:934. 



::-;"t--

""\' \ 
~'. "" ...... 1.>' 

1 

L 

. 
Kunkel H", Simo'n .H, &::. Fudenberg H: (1958) Observatiohs 

, concerning positive serologie reactions for rheum-
atoid factor in certain patients vith sareoido~is 
and other hyp~rglobulinemic sera. ARTHRITIS 

4RHEUM..' 1: 289. 

Kunkel H, Muller-Eberhard H, Fudenb~rg H, & Tomasi T: (1961') 
Gamma globulin complexes in rheumatoid arthritis 
and certain other conditions. J CLIN INVEST, 
40:117. 

Lamberson H, Gilmore N, & Osterland C.K: (1977) Nephelo
metric quantitation of rheuma~oid factor in human 
serum~ FED PROC, 36:l20~.' 

Lamberson H, Gilmore N, & Osterland C.K: (1978) Nephelo
metric quantitation of immune complexes. FED 
PROC, 37:1668. 

Lambert 

Langt:; l, 

P-H, D~xon F, Zubler R, Agnel10 V, Ca~biaso C, 
Clark J, CasaI! P, Covdery J, McDuffie F, Hay F, 
MacLennan 1, Masson P, Muller-Eberhard H, Pentinen 
K, Smith M, Tappeiner G, Theofilopoulod A, & 
Veroust P: (1978) A' collaborative' study for the 
eva1uation of eighteen methods for detecting 
immune complexes in serum. 'J CLIN LAB IMMUNOL, 1:1. 

Roitt L, & Dohiach D: (i976) A double antibody solid 
phase assay for DNA autoantibodies for c1inical 
use. CLIN EXP IMMUNOL, 25:191. 

Lea D, & Ward D: (1972) The quantitation of rheumatoid 
factors. ARTHRltrs RHEUM, 15:646. 

Lea D, & Ward D: (1978) Estimation of IgM rheumatoid; 
factors by ~luorimetry. ANN RHEUM DIS, 37:247-251. 

Little'J, & Donahue H: (1968) Spectral properties of p.roteins 
and'small molecules of immunologieal int~rest. In 
Methods in Immunology and Immunochemistry. Edited 
by C. Williams and M. Chase. vol II. page 343. 
New York, New York: Academie Press. 

'. 
Lizana J, & Hell,sing K: (1974a) Po lymar enhanc emen t, of . 

automated immunological nephelome~ric analysis as 
il1ustrated by determination,of urinary albumin. 
CLIN CHEM, 20:415. 

~, .... 



1, 

Lizana J, & He11sing K: (l974b) Manua1 immunonephe1ometrie 
assay of pro teins with use of polymer enhancement. 
CLIN CHEM, 20:1181-1186. 

Lospal1uto J, & Ziff M: (959) 
rheumatoid factors. 

Chromatographie studies of 
J EXP MED, 110:169. 

the 

Lowry 0, Ro_seborough N, Farr A, & Randa11 R: (1951) Protein 
determination with the fo1in-phenol reagent. J 
BIOL CHEM, 193:265. 

Lu thra ~cDuff ie F, Hunder G, & Samoyoa E: t 197 5) I,~mune 
co 1exes in sera a~nd synovial f1uids of, pa/tients 
with heumatoid arthritis. Radioimmunoassay with 
monocI na! rheumatoid factor. J CLIN INVEST, 
56:458.' 

Lyet J, & N0rmanse11 D: (1974) Low mo1ecular weight rheumatoid 
factors in rheumatoid arthritfs sera. IMMUNOCHEM, 

'11:417. 

Mackay l, ~ Ritts R:. (1979) Sensitized sheep red ce11 agglut
ination test for rheumatoid factor. In WHO Hand
book of Immuno1ogica1 Techniques. vol 79.1, page 
11. 13 . 

MacKenzie M, Mackey G, & Fudenberg H: (1967) Antibodies to 
IgM in normal human sera. NATURE, 216:691. 

MacKenzie M. Goldberg L. Barnet E, & F'udenberg H: (1968) 
Sero1ogiea1 heterogeneity of the IgM eomponents 
of mixed (monoclonal IgM-polyc1onal IgG) cryo
globulins., CLIN EXP IMMUNOL, 3:931. 

Maio1ini R, Ferrua B, Quaranta J; Pinoteau A, Eul1e~ L, 
Zeig1er G, & Masseyef f: (1978) A sandwich me thod 
of enzyme immunoassay: ri Quantification of 
rheumatoid factor. J IMMUNOL METHODS, 20:25-34. 

Marrack J, & Richards C: (1971) Light-scattering studies of 
the formation of aggr:egates in mixtures of ,antigen 
and antibody. IMMUNOL. 20:1019. 

McCormick J, & Day J: (1963) The association of rheumatoid 
factors with antinuc1ear factor activity, LANCET 
ii:554. 



McDuffie F, & Bunch T: (1977a) Immunologie tests in the 
diagnosis of rheumatic diseases. pt l, BULL 
RHEUM DIS, 27:900. 

McDuffie F, & Bunch T: (1977b) Immunologie tests in the 
diagnosis of rheumatic disêases. pt II, BULL 
RHEUM DIS, 27:906. 

, Mestecky J, Zikan J, & Butler W: (1971) Immunoglobulin M 
and secretory immunoglobulin A: Presence of a 
common polypeptide chain different from 1ight 
chains. fSCIENCE, 171:1163. 

Metzger H: (1967) Characterization of a human macrog1obu1in. 
V. A Wa1denstrom macroglobu1in with ant1body ac
tivity. P.N.A.S. 57:1490. 

Meyer K: (1922) Uber Hamagglu t ininvermehrung und Hamag
glutinationfordernde Wirkung bei menschlichen 
Seren. ZTSCHR IMMUN THERAP, 34:229. 

Mi1grom F, Witebsky E, Goldstein R, & Loza V: (1962) Studies 
on the rheumatoid & related serum factors. II. 
Relation of anti-human and anti-rabbit gamma glob
ulin factors in rheumatoid arthritis serums. 
J AMA, 181: 476. 

Mill e r F, & Met z g e rH: ( 1 9 6 5 ) Cha r a c ter i z a t i"o n 0 f a hum a n 
~~crog1obulin. I. The molecular weight of its 
subunit. J BIOL CHEM, 240:3325. 

Miller F, & Metzger H: ("1966) Characterization of a human 
macroglobu1in. III. The products of tryptic 
digestion. J BIOL CHEM, 241:1732. 

Natvig J: (1966) Gm(g)-A 'new' gamma-globulin factor. NATURE, 
211:318. 

Natvig J, Gaarder P, & Turner M: (1972) IgG antigens of the 
Cy2 and Cy3 homology regions interacting with 
rheumatoid factors. CLIN EXP IMMUNO, 12:177. 

Norberg R: (1976) IgG rheumatoid factor in serum of rheumatoid 
arthritis patients. SCAND J RHEUM, 5:124-128. 

Normanse11 D: (1970) Anti-y-g10bulins in rheumatoid arthritis 
sera. I. Studies on the 22S comp1ex. IMMUNOCHEM, 
7: 787. 



( 

( 

Normanse11 D: (1971) Anti-y-g1obu1ins in rheumatoid arth
ritis sera-II. The reactivity of anti-y-g1obu1in 
rheumatoid factors wit,h altered yG-globulin. 
IMMUNOCHEM, 8:593. 

Normanse11 D: (1972) Anti~y-globulins in rheumatoid arth
ritis sera-III. The reactivity of anti-y-g1obulin 
rheumatoid factors with hetero1ogous YG-globul.in-: 
IMMUNOCHEM, '9: 725. 

Normanse11 D, & Young C: (1975) The IgG subc1ass specificity 
of anti-IgG immunog1obu1in rheumatoid fàctors. 
IMMUNOCHEM, 12:187. 

NormanselL D, & Stanworth D: (1966) U1tracentrifugal ~tudies 
of the reactions of rheumatoid factors with native 
human yG-globulin. IMMUNOL, 10:527. 

Normanse11 D, & Stanworth D: (1968) Interactions between 
rheumatoid factor and native yG globulins in the 
u1tracentrifuge. IMMUNOL,15:549. 

Oreskes l, & P10tz C: (1965) Autoinhibition of rheumatoid 
factor reactivity demonstrated by a block hemag

- glu tina tion procedure. J IMMUNOL, 94: 567. 

Oreskes 1, Rosenb1att S, Spiera H, & Meadow H: (1968) 
Rheumatoid factors in an acute psyciatric population. 
ANN RHEUM DIS, 27:60. 

Oster1and C. Harboe M, & Kunke1 H: (196i) Anti-y-globulin 
factors in human iera revea1~d by enzymatic 
sp1itting of anti-Rh antibodies. VOX SANG, 
8:133. 

Ouchterlony 0, & Ni1sson L: (1973) Immunodiffusion and 
immunoelectrophoresis. In Handbook of Experimental 
Immuno1ogy. Edited by D. Weir. 2nd edition, 
chapter 19, Oxford, Aiden & Mowbray. 

Panush R, Bianco N, & Schur P: ~1971) Serum and synovial 
flu1d IgG, IgA and IgM ant1gammaglobu11ns in 
rheumatoid arthr1tis. ARTHRITIS RHEUM, 14:737. 

Peltier A, & Christian C: (1959) The presence of the 
-"rheumatoid factor" in sera from patients with 
syphilis. ARTHRITIS RHEUM, 2:1. 



Person D, & Sharp J: (1976) The etiology of rheumatoid 
arthritis. BULL RHEUM DIS, 27:888. 

Plotz C, & Singer J: (1956) The latex fixa1=ion test. II. 

Pope R, 

Results in rheumatoid ar.thritis. AM J MED, 
21: 893-896. 

\ ", 

Teller D, & Mannik M,: '(1974) The molecular basis 
of self association of antibodies to IgG rheuma
toid factors and rheuma toid arthri tis~" PROC NAT 
ACAD SCI, 71:517-527. 

Pope R, & McDuf fy S: (1979) IgG rheuma toid f ac tor rela t ion
ship to seropositive rheumatoid arthritis and 
absence in seronegative disorders, ARTHRITIS 
RHEUM, 22: 988. 

, 
Qui n J, G,i a n ni k 0 s J, Rob e r t son P, & fIa n d S: (19 80) A sim p 1 e 

radioacrive bindign assay for the detection of 
rheumatoid factor in serum. J IMMUNOL METaODS, 
34:217-224. 

Roberts-Thomson P, & Bradley J: (1979) A nephe10metric study 
of the reaction of monoclonal rheumatoid factor 
with heat-aggregated gamma g~obu1in and sera from 
patients with immune complex disease. CLIN EXP 
IMMUNOL, 37:408-415. 

Rose H, 

Ruddy S, 

Sato M, 

Schalen 

Ragan C, Pearce E, & Lipman M: (1948) DifferentiaI 
agglutination of normal and sensitized sheep 
erythrocytes by sera of patients with rheumatoid 
arthritis. PROC SOC EXP BIOL MED, 68:1-6. 

& Austen K: (1970) The complement system in rheuma
toid synovitis. ARTHRITIS RHEUM, 13:713. 

Kasukawa R, Murai T, & Yoshida T: (1977) A sol1d
phase radio-immunoassay for IgG and IgM antigamma
g~obu1in factor in rheumatoid arthritis sera. 
INT ARCHS ALLERGY APPL IMMUN, 55:70-77. 

C, & Christensen P: (1977),A simple method for 
domonstrating gel-precipitating human anti
immunoglobu1in antibodies. <, ACTA PATR MICROBIOL 
SCAND, 85:480-482. 

Schoen1oher R: (~6) Characterization of 'the y-g1obulin ' 
cample es present in certain sera having high 
titers of anti-y-globulin activity. J CLIN INVEST, 
45: 501', 



l 

Schur P,' Bianco N, & Panush R: (1975) An tigammaglo bulins in 
normal individuals and in patients wfth adu1t, and 
Juvenile rheumatoid arthritis and osteoarthritis. 
RHEUMATOLOGY, 6:156-166. 

Shakib F, & Stanworth D: (1978) Antigammaglob?lin rheumatoid 
factor activlty of human IgG subclasses. ANNALS 
RHEUM DIS, 37:12-17. 

Singer J: (974) Standardization of the latex test for 
rheumatoid arthritis serology. BULL RHEUM DIS 
24:162-169. -

Singer J. ,& P10tz C: (1956) The latex-fixation test. I. 

Singh l, 

Skalba D, 

ApPlication to the seTologic diagnosis of rheuma
toid arthritis. AM J MED, 21:888-892. 

& Francis G: (1978) A direct binding Assay for 
rheumatoid factor sërum antig10bulins using 
iluorecein-labelled F fragment of human immuno
globu1in .... G. J CLIN PATR, 31:963-973. 

& Stanworth' 0: (1966) The specificity of the reac
t ions of rheuma toid fac tors wi t h d if fer en t con
formational forms of yG-globu1ins of various 
species of origine IMMUNOL, 16:107. 

Smiley J. Sachs C, & Ziff M: (1968) In vitro synthesi's of 
immunoglobulins by rheumatoid synovial m~mbrane. 
J CLIN INVEST, 47:624. 

Stage D, & Mannik M: (1973) Rheumatoid factors in rheumatoid 
arthritis.- BULL RHEUM DIS, 23:720.\ 

Stas tny P: (1976) Mixed lymp hocyte culture in rheuma toid 
art-hritis. J CLIN INVEST, 57:1148. 

S tas tny P: (1978) Association of the B-ce11 alloant igen DRw4 
with rheumatoid arthritis. NEW ENGLAND J MED. 
298:869. 

Steward M, Turner M, Natvig J, & Gaarder P: (1973) The 
binding affinities of rheumatoid factors interacting 
with the Cy3 homology region of IgG. CLIN EXP 
IMMUNOL, 15: 145 • 

• 



( 

" 

.. 

, . . 

,. '. 

St~wart G, Hunneybal1 I, & Stanworth D: (1975) The use of 

. . 
,baboon IgG-sensitive sheep erythrocytes as an 
alternative indicator syste~ in the study of 
rheumatoid factor with human IgG. IMMUNOCHEM" 
12:657. -

, 
S ton e M: ( 1 9 7 3 ) S tu die s __ .() n mon 0 c 1 0 n a 1 an t i b 0 die s . 1. The 

specificity and binding 'properties of a Wa1denstom 
macrog1obu1in with anti-y 8ct1vity. J LAB CLIN 

-MED, 81:393-409. 

Stone M, & Metzger H: (1968h·B~nding p'roperties o,f a Wald
enstrom macro~lobu1in antibody. J BIOL CHEM,' 
1968. : . , 

• u 

Tanimoto K, Cooper N, J~hnson J, & Vaughn J: (1~]5) Comp
lem-ent fixation by rheumatoid factor, J CLIN INVEST, 
55:437. 

J 

Tengerdy R: (1967) Reaction kinetic studies of the' antigen . 
antibody reaction. J IMMUNOL~ 99:126. 

" Tesar J, & Schmid F: (1~70) Conversion of soluble immune 
1 

complexes into complement fixing aggregates by 
IgM-rheuma~~1~ factor. J IMMUNOL, 105:1206. 

Torrigil\.I1i G, & Roitt 1:'(1967) Anti-globul,in factors in sera 
from patients with rheumatoid arthritis and normal 
subjects. Quantitative estim~tion in d~fferent 

, . Ig c1ass~~. ANN RHEUM DIS, 26:334-340. 
1 

Torrig ian1 G ,'--~oi t t l, Lloyd K, 
"\ 

IgG anti-g1obulins.~n 
rh.umatoid arthritis. 

& Corbett: (1970) E1evated 
patients with ~etonegative 

LANCET, 1:14-16. 

Torrig iani G, & Roi t t I: (1975) Reac tion of ant ig1obu1in 
factors present in'rheuma~oid ~onditions with 
different y-globulin substrates. RHEUMATOL, 
6:151-155". 

~ Vaughn J: (1956) Behavior of the rheumatoid arthritis agglut-
ipat~ng factor w~th immune precipita~e8. J 

" IMMUNOL, 77; 181. 

Vaugbu,3, Ellis P, & Marshall H: ('1958) Quantitati:ve con
siderati'ons of e the rheumatoid factors. J IMMUNOL, 
81: 261. 

o 



L 

, 
1 

( 

... 

Vejtorp M, Hoier-Madsen M, & Ha1berg P: (1979) Enzyme-1inked 
immunosorbent a5say for determination of IgM 
rheumatoid factor. SCAN J RHEUMATOLOGY, 8:65-70. 

Vire11a G, & Fudenberg H: (1977) Comparison bf immunog<1ob- ~ . 
~ u1in determinations in pathologieal sera by rad

ial immunodiffusion and laser nephe1ometry. CLIN 
C HEM, 23: 1925 .... 1928 . 

Virel1a G, Waller M, & Fudenberg H: (1978) Nephelometric ' 
method for determination of rheumatoid factor. 

Waa1er E: 

J IMMUNOL METBOnS, 22:247-251. 

(1940) On, the oecurence of a. factor in human 
serum activating the specifie agglutination of· 
~heep blood corpuscles. ACTA PATHOL MICROBIOL 
SCAND, 17: 172. 

1 
Wager 0, & Teppo A-M: (1978) Binding affinity of human auto-

antibodies: Studies of cryog1obu1in IgM rheumatoid 
factors and IgG autoantlbodles to albumine SCAND 

& J IMMUNOL, 7:503. 
~ , 

Wal1'er M: (1969) Me thods of measuremen t of rheuma toid f ac tor. 
ANN N Y ACAD SCI, 168:5. 

" Waller M, Toone E, & Vaughn E: (1964) S tüdy of. rheuma toid 
factor in a,norm~l population. ARTHRITIS RHEUM, 
7:513. 
, 

Waxman J, Lockshin M, Schnapp J, & Doneson I: (1973 t 

. \ Cellular immunity' in rheumatic disease. 1 • 
Rheumatoid arthritis. ,ARTBRITIS RHEUM, 16:499.. • . 

~eber K, & Osborne M: (1969) The re1iability of molecular 
weight determinations by dodecyl su1fate~poly
acrylamlde i~~,Al~rophoresis. J BIOL CHEM, 
244:4406. 

Weinblatt M, & Schur P: (1980) Rheumatoid ~actor detection 
by nephelometry. ARTHRITIS RHEUM, 23:777-7,79. ~ 

----
Whi tsed B, McCarthy il, & Hersey P: (1979). Nephelometric 

detectlon of ci.rculating- immune complexes using 
~ monoclonal rheumatoid factor. j IMMUNOL METBOnS; 

29':3>11-321. 



(, 

{ 

, , 

. , 
Williams R: (1963) ReactionOof human rabbit anti-globulin 

factors with heavy and 'light chains of y-globulin. 
ARTHRITIS RHEUM, 6:798. 

Williams R: (1979) A second look at rheumatoid factor and 
, 0 the r "Au t 0 an t i b 0 die s" . AM J ME D , 6 7 : 17 9 . 

Williams R, & Kunke1 H: (1962) Rheumatoid 
ment and conglutinin aberrations 
subacute -bacterial endocardit~s. 
41: 66~6 . 

factor",comp1e
in' patients with 

J CLIN INVEST, 

Williams R, & Kunke1 H: 1 (1963) Separation of rheumatoid 
factors .of different specificiti€s using columns 
conjugated with y-globulin. ARTHRITIS RHEUM, 
6:665. 

Williams R, Griffiths R, Emtnons J, & Field R: (1972) 
Natura11y occurr~ng human antiglobulins wiGh 
specificity for IgE. J CLIN INVEST, 51:955. 

Winchester R, Agnello V, & Kunke1 H: (1970) Gammaglobulin 
complexes in synovial f1uids of patients with , 
rheumatoid arthritis: Partial characterization 
and relationship to lowered complement leve1s. 
CLIN EXP IMMUNOL, 6:689-706. 

Winc heft er R, !unkel H, & Agne110 V: (1971) Oc curr ence o,f 
~ y-globulin complexes in seru& and joi~t fluid of 

rheumatoid arthritis patients: use of monoclonal 
rheumatoid factors as reagents for their demons
tration. J EXP MED, 134:286S. 

Winfie1d J, ~aifferm~n I, & Koffler D: (1977) 1 Avidity of 
anti-DNA antibodies in serum and IgG glomerular 
eluates from ~atients with 'systemic lupus erythre~ 
mato~us. Association of high aviaity anti-native 
DNAfantibody with glomerulonephritis. J CLIN 
INV~ST, 59:90. , 

. 
Yonemasu K, &-Stroud R: (1971) Clq: Rapid purification 

me'thod for preparation of monospecific antisera 
and for biochemical studies. J IMMUNOL, 106:304. 

Ziola B, Meuman 0, Matakainen Mt Salmi At & Kalliomaki J: 
(1978) Determination of human immunoglobalin M 
rheumatoid factor by a solid-phase radiQimmuno
aasay whlchouses hum an immunogIobulin G in antigen
antibody complexes, J CLIN MICROBIOL, 8:134-141. 



\ . 
'Zub!er R; 

" 

1 l 

~, 

," 

·f 

Nydegger U, Perrin L ~ehr K, McCormick J, 
Lamb~rt P.-H, A Meischer P: (1976) Circu1ating 
and intra-articular limune complexes in patients 
with rheumatoid arth~iis. Correlation of l25r
Clq binding activity with clinical and biologica1 
f e a tu r e s 0 f the dis e a se. J CL:LN 1 NV EST, 57: 1308 . 

.' 

" 

/ 

11 
1 

l' 

l 
1 
1 


