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ABSTRACT

i Nephelometry. has been used to study the reaction o6f rheuma-
told factor (RF) with IgG. This nephelometric assay, validated by
compatisons with standard agglutination gssays,‘ sh&awed that RF reacted
with human or rabbit but not with chick‘e\n aggreéated IgG. IgM-globulin
was responsible for nephelometric RF activity. 1In over 250 sera, there
were no differences in reactivity betwken hunl1an and rabbit aggregated
IgG., IgM-RF, isolated from sera, also reacted with ‘human and rabbit
native IgG, 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-native IgG complexes fixed

complement (Clq). These results show that RF does mnot exhibit species
specificity for human or rabbit IgG; that RF reacts with native IgG,
as well as with aggregated IgG; and that RF-native IgG complexes can

bind Clq.
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SPECIFICITE D'ESPECES DU
FACTEUR RHUMATOIDE-IgM HUMAIN

RESUME

On a utilisé le néphelométre pour étudier la réaction du
facteur rhumatoide (FR) avec des IgG. L'épreuve néphelometrique, vali-
dée par‘des comparaiso;ls avec des épreuves d'aggluwtinations standardisées,
a démontré que le FR réagit avec des IgG agrégées de 1l'homme et du lapin -
mais non avec ceux du poulet. L'immunoglobuline responsable de cette
activité 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 1'homme
et ceux du lapin. Le FR, isole dgs serums, a réagi aussi avec des IgG
natives de l'homme et du lapin, sana montrer de spécifiecitd quant a 1'
espéce. Un FR monoclonal a démontré que cett;e mét\hodolog‘ie peut dé‘celer A
de telles gpécifi‘cités. Le fait que l'absorption des FR par des IgG
natives soit compl@&te et que les complexes de FR~IgG natives fixgnt le
complément (Clq), témoignent en plus d'une réactior;~entre le FR et les

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

fique de l'espéée, pour 1'homme ou pour le lapim, et que le FR réagit

- avec les IgG natives, ainsi les IgG agréges, et enfin, que.les complexes

FR-IgG natives peuvent fixer le Clg.
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ABBREVIATIONS AND TERMINOLOGY -
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o

Abbreviations commonly used in this thesis in~

Complement Component plq ) N
Complement Component C3
€-Amino-n-Caproic Acid ) ! .
F Fragment of an Immunoglobulin Molecule

ab

Fc Fragment of an Immunoglobulin Molecule
. Cohn Fraction II Gamma Globulin (IgG)

Glutaraldehyde-Aggregated Rabbit Gamma Globulin
(IgG)

Heat-Aggregated Human Gamma Glo;ulin (IgG)
Heat-Aggregated Rabbit Gamma Globulin (IgG)
Human Gamma/Globulin (IgG) /
Immunoglobul?n A

Immunoglobulin G . . s
Immunoglobulin M . ’
‘Latex Fixation Test -

.

Nephelometric Rhedmatoid Factor Assay

Net Light Scatter

Normal Human Serum



ABBREVIATIONS (cont,)

NHQG Human Native Gamma Globulin (IgG)
NRGG Rabbit Native Gamma Globulin (IgG)
PEG - Polyethylene Glycol ‘ -
RA Rheumatoid Arthritis ‘;
RF Rheumato}d Factor (see Terminology)
Ig;—RF -IgA Class Rheumatoid Factor
IgG-RF IgG Class Rheumatoid Factor f
IgM-RF IgM’01as§ Rheumatoid Factor
mRF Monoclonal Rheumatoid Factor
mRFmi Mongclonal Rheumatoid Factor Isolated from a
= Patient (MI) (IgM)
m%ZFOg Monoclonal Rheumatoid Factor Isolated from~a
Patient (0G) (IgM)
pKF Pélyclonal Rheumatoid Factor
RGG Rabbit Gamma Globulin (IgG)
;ARGG Spontaneously—Aggregated Rabbit Gamma Globulin:
(IgG) \ .
SCAT Sheep‘Céll Agglutination Test @
SRBC Sheep Red Blood Cells |
TERMINOLOGY
RF Rf (rheumatoid: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 to

react with IgG. The use of this term is

restricted to RF of the IgM class of immuno-

globulins, unless specified otherwise,

~



TERMINOLOGY (cont.) 4
NeRF Activity denotes RF activity measured

NeRF Activity
nephelometrically.

RF~serum, is a term designating serum which
or totwhich RF has

RF-Serum

) " - contains RF activity,

. ybeen added.

/
) %B ¢
! N
AN ) -
1
- 0
NS
o \ ‘
‘ A R

N\ -



CHAPTER I

CHAPTER I

3.1
3.1‘1

3.1.2 ¢

3.2.2.1
3.2.2.2

'3.2.2.3

-

TABLE OF CONTENTS

0
TITLE \ .
ABSTRACT . (;
ACKNOWLEDGEMENTS )
ABBREVIATIONS AND TERMINOLOGY
INTRODUCTION . ‘
HISTORICAL REVIEW .
Serolpgical Manifestations of Rheumatoid
Factor: Historical ‘
Agglutination Reactions with Rabbit Gamma
Globulin ’
Agglutination Reactions with Human Gamma
Globulin
Rhgqxpitoid Factor in Human Disease
Rheumat:i\d\ﬁ'ﬁ‘t:er\in Rheumatoid Arthritis
Rheumatoid Arthritis ’
Etiology . "
Immune Abberations | ‘.
Rheumatoid Factor in Rheumatoid Arthritis
Cixlculating Immune Complexes
Pathophysiological Manifestations
Clinical Significance of R’heumatoid Factor
Synthesis of Rheumatoid Factor
Complement Activation by Rheumatoid Factor

11

12

12



o

o

L hd
A -

TABLE OF CONTENTS (cont.) -

3.2.2.4

£
N
-

5.1
5.1.1
5.1.2 \
5.1.2

5.2

5.2.1
5.2.2
5.2.3

5.2.4

5.3
3.3.1

5.3.2

5.3.3

a

, Role of Rheumatoid Factor in the Pathogenesis
of Rheumatoid Arthritis

Physicochemigal Characteristics of Rheumatoid
Factor

Antibody Nature c;f Rheumatoid Factor
Immunoglobulin Classes of Rheumatoid Factor
IgM~-Rheumatoid Factor
Valency of IgM-Rheumatoid Factor
Binding Constants

N
Specificity of Rheumatoid Factor
'Ec;x/:xformational Specificity
Reaction with Denatured or Aggregated IgG
Reaction with Native 1gG
Multivalency
\ Structural Spelcificity
IgG Fragm;nts
Genetic and Non-Genetic IgG Determinants

IgG Subclass Determinants

Heterogeneity: Poly‘clonal Nature of
Rheumatoid Factor

S;ekc:: Specificity
Clinteal Significance
Human Reactive and Bi-Specific Rheumatoid

Factors

Monoreactive and Bi-Specific Rheumatoid 2
Factors s

- T TR ey ansNhge &4 dremic s T b

PAGE

13

14,

14
16
18
19
20
22
22
24
25
26
28
28

28

29 -

30

K}

ky)

35

e



T

. TABLE OF CONTENTS (cont.)

5.4

5.5

6.1

6.2 A
6.3
6.4
6.4.1
6.4,2

6.4.3

6.4.4

6.4.5

CHAPTER III

x

 Genesis of Specificity L.
Heterogeneity of RF Specificity
Rheumatoid Factor Assays

The Sheep Cell Agglutination and Latex
Fixation Tests ’

Disadvantages of thc\?: SCAT and LFT Techniques
Current RF Assays

Nephelometric Rheugatoid Factor Assays
Nephelometry: Defini'tion and Applications/

Laser Nephelometry

The Effect of Polyethylene Glycol on
Immunoprecipitin Reactions

Nephelometric RF Assay
Advantages of Nephélometric RF Assay

G;)als of the Research

MATERIALS AND METHODS

«

’ H h!
Chemicals and Supplies
Buffers

Serum Samples °

Serum Manipulations

Delipidation of Serum and Biological'
Materials (o

Euglobulin Precipitation of Serum

Reduction and Alkylation of Serum

PAGE
39 -
41-
43

43

43
44
49
49
49

51

52
54
55
56

56 -

57
58

58

58

59

-

R

o



Vi

TABLE OF CONTENTS (cont.)

4.3.1
4.3.2
4.4

5

6

7

7.1
7.1.1
7.1.2
7.1.3
7.2
7.2.L
7.2.2
7.2.3

7.3

8.1
8.2

8.3

8.4

8.5

9.1

Aggregation Methods

Cys:teine and lodoacetamide
2-Merc;ptoethanol and Iodoacetamide
Production’ of "Artificial" RF-Serum
Protein Determination

Gel Filtration Chromatography
Protein Isolation

Rheumatoid Factor Isolation
Polyclonal Rh;aumatoid Factor (pRF).
Monoclonal Rheumavtoid Factor (mRFog)
gcnoclonal Rheumatoid Factor (mRF m )
Gamma Globulin (IgG) Isolation

Human IgG

Rabbit IgG

Chicken IgG

Isolation of Clq

Spontaneously Aggregated Rabbit IgG (sARGG)

Glutaraldehyde Aggregated Rabbit IgG (gARGG)

Heat—-Aggregated Rabbit I"gG (hARGG)
Heat-Aggregated Hum.;n IgG (hAHGG)
Insoluble Aggrégated IgG
Rheumatold Factor Assays

Sheep Cell Agglutination Test (SCAT)

o

i’

PAGE

‘59

59

- 59

60
60
61
62
62

63 -

65

65

65

66

67

67

70

70

70



TABLE OF CONTENTS (cont.)

©

*

902 Toe o

9.3 .

9.3.1

9.3.1.1

9‘3.1'2

9.3.2

9.3.2.1 - %

9:3.3.2
9.3.3.2.1
9.3.3.2.2
9.3.3.2.2.1
9.3.3.2.2.2

9.3.3.2.3

9.3.3.2.3.1

9.3.3.2.3.2.

9.3.3.2.3.3
9.3.3.3
10

N,

lo‘l

10.2

11

Latex Fixation Test (LFT)

Nephelometric Rheumatoid Factor Assay (NeRF)
Hyland Laser Nephelometer PDQ

Principle of Use v .
Quantitation of Light Scatter

NeRF Assay

Basic NeRF Assay -

Variations of~the NeRF Assay

NeRF Assay of Purified Rheumatoid Factors
NeRF Antigen Activity ’ L
NeRF Antigen Activity of Aggregated IgG

NeRF Antigen Activity of Native igG
Variations in Incubation Times

Routine Assays Y

Time Course Assays -

‘Kinetic Assays

kSequential NeRF Assays

Absorption Studies

Absorption of RF with Insoluble
Aggregated IgG .

Absorption of RF with Native IgG

Statistical ‘Analysis

PAGE
71
71
71
72
72
73)
74

75

75

— 76

76
76
77
77
78
78
79
80

80

81

°

82



TABLE OF CONTENTS (cont.)

PAGE °

CHAPTER IV .  EXPERIMENTAL PROCEDURES AND RESULTS " 83

1 Conditions for Hephelometric Rheumatoid 83
Factor Assay (NeRF) °

1.1 //Antigeu Preparation - 83

1.1.1 Heat-Aggregation of Human IgG (hAHGG) & 83

1.1.2 . Time Course of the Reaction of hAHGG with 85
RF-Containing Serum

1.1.3 Spontaneous Aggregation of Lyophilized © 85
Rabbit IgG Upon Resolubilization (sARGG)

1.1.4 NeRF Antigen Activity of Fractionated 87
SARGG .

1.1.5 ’ Comparison of NeRF Values Obtaiped with 89
Unfractionated sARGG and Fraction I sARGG

1.1.:6 Time Course of the Reaction of sARGG with 90
RF~Containing Serum

1.1.7 'Alternative Methods of Rabbit IgG 92
Aggregation

1.1.8 Conditions for Glutaraldehyde Aggregation’ 92
. of Rabbit IgG (gARGG) ’

1.1.9 Comparison of NeRF Antigen Activity of 94
SARGG vs gARGG

1.1.10 Time Course of the Reaction of gARGG with 94

) RF-Containing Serum :

1.1.11 Reproducibility of Aggregated Preparations .97

1.1.12 Within-Run Reproducibility of gARGG and 97
hAHGG

1.1.13 °  Ion~Exchange Chromatography of Rabbit 98

Serum



" ( : N V B ‘/,
R TABLE OF/CONTENTS (cont.) /

. PAGE
. S 1.1.14 . Fractionation of Pools I & II by Gel 100
Filtration
1.1.15 Delipidation of Rabbit IgG Pool II 100
- 1.1.16 Heat Aggregation of Rabbit IgG (hARGG) 101
] g.l.17 Time Course of the Reaction of hARGG 102
% RF~Containing Serum
1.1.18 Reaction of Chicken IgG with RF-Serum . 103
1.2 Assay Conditions 193
1.2.1 Effect of Polyethylene Glycol (PEG) 103
o 1.2.2 Effect of pH 104
1.2.3 Effect of NaCl Concentration 107
S 1.2.4 Effect of Freon-Treatment of Serum 109
' Samples
2 Comparative Studies of RF Activity in 109
Human Sera as Determined by the Classical
Methods and by NeRF Assay
2.1 SARGG and hAHGG vs LFT ' 110
2.2 , SARGG vs hAHGG - 113
2.3 SCAT vs LFT 113
2.4 " gARGG and hAHGG vs SCAT < 116
2.5 gARGG and hAHGG vs LFT 116
2.6 hARGG vs hAHGG 121
ﬁf 2.7 hARGG and hAHGG vs LFT 121
. ) 2.8 hARGG vs hAHGG - : 125
3 ’ Characteristics of RF Se;ajN\_A;f//«/”*””*'“” 125
( |
i i

s
- « P - wh,....? IR RN P . L - » 2
o Lo A N b oo . PP P ¥



——
'

LA

TABLE OF CONTENTS (cont.)

3.1

3.2

4.1

4.2

‘5.1

5.2

5.3

6.1

6.2

.
»

3 PAGE

Reduction and Alkylation of RF-Serum 125
Euglobulin Precipitation of RF-Serum ' 128
Nephelometric Rheumatoid Factor Acti- 129
vity of Purified Polyclonal IgM

Rheumatoid Factor (pRF)

Fractionation of Polyclonal Rheumatoid 129
Factor

Time Course of the Réaction of pRF with 129
hARGG and with hAHGG

hARGG vs hAHGG 132

~ -

Effect of Polyethylene Glycol (PEG) 5 133
Nephelometric Reaction of pRF‘Agded to 135
Normal Human Serum with hARGG and with

hAHGG

Nepholometric Rheumatoid Factor Activity 136 .
of Purified Monoclonal IgM Rheumatoid -
Factor (mRF_ ) .

. og 44 -
Fractionation of mRFog 136
Time Course of the Reaction of mRF 138
with hARGG and with hAHGG o8
hARGG vs hAHGG ' ! 138
The Reaction of Rheumatoid Factor with 140
Native IgG
Time Course of the Reaction of Clq and 141
hAHGG
The Reaction of pRF with NHGG and of 143
PRF~-NHGG Complexes with Clg
Reactions of pRF with IgG and of Clq 143

with pRF-IgG Complexes in Normal and
Agammaglobulinemic Human Sera

-

. v
W e LB s DA W B A bt M AT S T R a2 EONPICETR W EAR2 <o F N L e S

'j >



TABLE OF CONTENTS (cont.)

t

6.4
6.5
6.6

6.7

7.1
7.2
7.3

7.4

8.2

CHAPTER V

.
+

Time Course of the Reaction of pRF with
NHGG and with NRGG

The Effect of PEG on the Reaction of pRF
with NRGG and with NHGG

The Reaction of mRF with NRGG and with
NHGG g

The Effect of PEG on the Reaction of _
mRFog and with NHGG

Kinetics of the Reaction of RF with IgG

Kinetics of the Reaction of RF with
Aggregated IgG

Kinetics of the Reaction of RF with
Native IgG

Comparison of the Kinetics of the Reaction
of RF with Native and with Aggregated IgG

Effect of PEG on the Kinetics of the
Reaction of RF with Native IgG

Absorption of RF Activity by IgG

Absorption of RF Activity by Aggregated
IgG

Absorption of RF-Activity by Native IgG

DISCUSSION

REFERENCES

PAGE

146
148
150"
151

152

152.
155
155
158
160

160

163

167



- : TABLE OF CONTENTS (cont.)
TABLES
TABLE # TITLE
2.1 Binding Constants for the Reacti;n of .

2.2
2.3
3.1

4.1

4.2

4.3

4.4

4.5

. 4.6

4.7

4.8

4.9

4,10

4.11

I

Polyclonal and Monoclonal IgM-RF with
Various Gamma Globulin Antigen Prepa-
rations :

Current Methods of Rheumatoid Factor Assay

Nephelometric Rheumatoid’Factor Assays

Typical NeRF Assay Design and Results

NeRF Antigen Activity of Pooled
Fractions of sARGG

Conditions for Glutaraldehyde Aggre-
gation of Rabbit IgG

Within—~Run Reproducibility of gARGG
and hAHGG Anitgens

Effect of Heating Rabbit IgG at 71°C

Solubility of RF in Low Ionic Strength

Buffers ’

Effect of Reduction and Alkylation of
RF-Serum on NeRF Activity

Effect of Euglobulin Precipitation of
RF-Sera on NeRF Activity

Reaction of pRF with hARGG and with hAHGG

Effect of PEG on the Nephelometric

Reaction of pRF with hARGG and with hAHGG

Reaction of hARGG and of hAHGG with pRF

Added to Normal Serum

Reaction of mRF0 with hARGG and with
hAHGG g "

PAGE

21

53
75

89
93
98

‘101

107
127
128

132

135

136

‘J

140



N

<

V4

TABLE OF CONTENTS (cont.)

TABLE #

4,12

4,13

4.14

4.15

4.16
4.17
4.18
4.19

4.20

.21

j

TABLES
TITLE

Reaction of pRF with NHGG and of Clq
with pRF-NHGG Complexes

keactions of RF with IgG and of Clq with
RF-IgG Complexes in Normal and Agamma-
globulinemic Serum

The Effect of PEG on the Reaction of
pRF with NRGG and with NHGG

Comparison of PEG Concentrations on
the Reaction of pRF with NRGG and with
NHGG N .

The Effect of PEG on the Reaction of mRF0

with NRGG and with NHGG g

Kinetics of the Reaction of Rheumatoid ’
Factor with aggregated IgG

Kinetics of the Reaction of Rheumatoid
Factor with Native IgG ’

, Absorption of RF-Activity by Aggregated

1gG
Absorption of RF-Activity by Native IgG
Absorption of \RF-Activity by Native IgG

and Recovery of RF~Activity From RF-IgG
Complexes

o

149

150

151

154

156

162

165

166

ta



2

¥ i N
1 . ‘
( - TABLE -OF CONTENIS (cont.) |
\ FIGURES . ' S
| Fig. # 3 /// " TITLE ‘ . PAGE
' ) 4.1 “ Gel Filtration Chromatography of hAHGG 84
) 4.2 ‘ Time Course for the Reacgion of RF-Serum - 86
with hAHGG —
: 4.3 Gel Filtration Chrométography of sARGG 38
4.4 Time Course of the Reaction of RF-Serum 91

with sARGG and with hAHGG

4.5 Comparison Between NeRF Activity Obtained 95
with hARGG and with sARGG
. Ny 3
4.6 . Time Course of the Reaction of RF-Serum 96
: with gARGG and with hAHGG :
4.7 Ion-Exchange Chromatography of Rabbit ‘ 99
Serum :
4.8 Time Course of the Reaction of RF-Serum 102
with hARGG and with hAHGG
439 Effect of PEG on NeRF Activity 105
\ 4,10 ° Effect of pH on NeRF Activity 106
} - -
4.11 . Effect of NaCl Concentration on NeRF 108
T Activity
. 4,12 Comparison of sARGG NeRF Activity with 111 ;-
» LFT Titer
4,13 Comparison of hAHGG NeRF Activity with 112
LFT Titer '
4,14 Comparison Between NeRF Activity Obtained 114
h with sARGG and with hAHGG
4.15 Comparison Between Titers Obtained with - 115
t the SCAT Assay
- 3

¢

£23

- i v - - a A v s - 2, a P -~ - .o am e B
e b SO = e Wb et s b e <t e i dg i 4. ARt o 7 .
¢



é*"\

w ¥

TABLE OF CONTENTS (cont.)

Fig. #

4.16
4.17
4.18
4.19
- 4,20
4.21
4.22
4.23

4,24

4,25

4.26

4.27

4,28

h 4,29

wh 4T et b

R Rl s TR SO AR A e m AT alten S Vet PR

FIGURES (cont.)

TITLE

Comparison of gARGG NeRF Activity with
SCAT Titer

Comparison of hAHGG NeRF Activity with
SCAT Titer

Comparison of hARGG NeRF Activity with
LFT Titer ‘ )

Comparison of hAHGG NeRF Activity with
LFT Titer

Comparison Between NeRF Activity Obtained
with hARGG and with hAHGG

Comparison of hARGG NeRF Activity with
LFT Titer

Comparison of hAHGG NeRF Activity with
LFT Titer .

Comparison Between NeRF Activity Obtained
with hARGG and with hAHGG

Gel Filtration Chromatography:of pRF

Time Course of the Reaction of pRF with
hARGG and with hAHGG

Comparison Between the‘Nephelometric |
Reactions of pRF with hARGG and with

hAHGG

Gel Filtration Chromatography of mRFOg

Time Course of the Reaction of mRFo with
hARGG and- with hAHGG g

Time Course of the Reaction of Clq with,
hAHGG ’

8

"PAGE

117
118
119
120
122
123
124
126

130

131
134
137
139

142

R R T W VRE VY0 T AR PR



o

ﬂk
‘u(

13

3 i

|

*’yf

TABLE OF CONTENTS (cont.)

Fig.

4.30

4.31

4.33

4.34

#

N

FIGURES (cont.)

TITLE
Time Course of the Reaction of pRF
with NRGG and with NHGG

Time Curves for the Reaction of pRF jﬁ
with hARGG and with hAHGG

The Reaction of Three Isolated RF
Preparation with NHGG and with hAHGG

The Effect of PEG on the Kinetics of the
Reaction of pRF with NHGG

Activity-Concentration .Curves for the
Reaction of pRF with hARGG and with
hAHGG

T o i ey e DA e s S 1 S0 koo B R R e Ll

-

PAGE

147

153

157

159

16l

R s e 4 T




»
N

CHAPTER I

INTRODUCTION - )

Rheumatoid factor (RF) is a class of serum pro-

teins, which are among the most common autoantibodies in

-

man. RF is usually Qefined as an antibody which reéﬁts
with antigenic determinants oéqthe FC portion of hﬁman
immunoglobulin G. Rheumatoid factors belonging to each
immuno%lobulin class have been described, and of these
IgM-RF is the most extensively characterized. In addition
to‘its reaction with human IgG, RF can react with IgG of
other species, such as rabbit Igg. The rgactions of IgM-
RF with human and with rabbit IgG appear similar, but di-
rect comparisons of these reactions have been limited
since different methods have been employed to study the
reaction of RF wi;h each of these antigens. Most methods
used to study the reaction of RF with,I§G have used ﬁon—
native IgG (l.e. aggregated, complexed or dematured IgG).
It 1s'generally assumed that RF preferentially reacts with
such antigens rather than with native IgG. This has been

due in part to the paucity of methods which can directly

demonstrate the reaction of RF with native IgG.

-
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! The availabiligy of nephelometry toO qu;ntitate
antigen-antibody reaction; in fluid-phase, avoiding poési—
ble antigen denaturation, has provided a new method to
analyze the RF-IgG reaction. ., As a result, the reaction '
of human RF with IgG has been examined in detail in a new

nephelometric rheumatoid factor assay (NeRF). This has

necessitated: N
1. The development ot new methods for the aggre-
S gation of IgG, providing aggregated IgG use-

able in the nephelometer;

2. Establishing the validity of this nephelo-
metric rheumatoid factor assay by standardi-
zing assay conditions and by comparisons with
accepted RF assays (i.e. the sheep cell aéglu-
tination test apd the latex fixation test);

» 3. Identifying the immunoglobulin class, respons;- “
ble for the NeRF reaction; )

4. Assaying a gide sample of sera containing RF
to determine their reactivity with .human, with‘
rabbit, 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 Ig6 with RF and in-

directly by absorbing activity with native IgG;

ot

~



6. Analyzing the kinetics of \the reactionm of RF
3

with® aggregated and with ﬁative 1g6 from hu-

7 /
~ - ‘ mans and f rabbits by measuring the rates .

'

of the RF-IgG reaction; and °
7. Demonstrating biological activity im RF-IgG /
\ ‘ '

complexes by investigating the reaction of Clg

with th'&se complexes.
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CHAPTER 1II . ’

HISTORICAL REVIEW

o
- t

1 SEROLOGICAL MANIFESTATIONS OF-RHEUMATOID FACTOR :

HISTORICAL

&
F

In 1912, Dean deécribed a thermostable substance
present in the globulin fraction of normal guinea-pig serum
which caqsed the agglutination of sheep erythrocytes sensi-
tized with a sub-agglutinating comcentration of rabbit anti-
SRBC antisera (Dean, 1912). Meyer, during rbutine testing
of-over 100,000 sera for-the Wasserman reaction, noted 10
sera which contained a factor which augmented the aggluti;
nation of the sensitized sheep red blood cells usedsin the
test (Meyer, 1922). This substance has been regarded as
what we would now designate ' rheumatoid factér or RF (Bart-

feld, 1969a).

-
1

§

1.1 AGGLUTINATION REACTIONS WITH RABBIT GAMMA GLOBULIN

“

Waaler, in 1940, found a serum from a patient with
rheumatoid arthritis which was capable of inhibiting the

hemolysis of sheep erythrocytes, in a complement fixation

f [

fe
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test and furthermore caused agglutination of the same cells

sensitizediwith 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 77,
rheunatoid arthritis patients whereas only 10 of 202 control
sera (no’nt-RA) expressed this agglutinating activity. The
factor was thermostable (56°C. for 30 minutes), was globulin
in nature and goul’(i not be adsorped from the serum with un-
sensitizedt’isheep cells. This phenomenon of agglutination

AN
enhancement vas rediscovered by Rose and co-workers in 1948
who noted that the factor was found almost exclusively in ,

the sera of patients with active rheumatoid arthritis (Rose

et al., 1948). Subsequently, the Waaler-Rose test in vari-

[

. f
ous modifications including the widely used sheep cell agglu-

tination test or SCAT (Ball, 1950) were used routinely for
the detection of agglutinating factor in sera.

L}

1.2 AGGLUTINATION REACTIONS WITH HUMAN GAMMA GLOBULIN

In addition to the use of sheep cells sensitized

&
with rabbit anti-SRBC antibody, other systems employing
human gamma globulin (Cohn fractionm II) as reactant were
devised. The first of these tests to employ human IgG was
»

the FIl tanned sheep cell agglutination test (Heller, et

al., 1954). 1In this method, sheep cells previously treated

~
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with tannic acid were coated with Cohn fraction II and
the cells were agglutinated by RA sera. The authors
duevised this test after observing the inhibition of sheep"
cell agglutinating activity by the addition of human gamma
globulifi} Waller and Vaughn used human Rh positive red
bloo‘cf"c’e/lls sensitized with human anti-Rh sirum as markers
«for the agglutination factor (Wa‘ller and Vaughn;“l\956).
\

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). Bentonite silica’te partfcles served as inert
carriers of human gamma globulin in the bentomnite floccula-
tion test (Bozicevich et al., 1958).

The termc 'rheumatoid factor' was first used to de-
,scrib’e the circulating factor responsible for the aggluti-
nation reactions obtaimed in the sensitized or coated cell
tests by Epstein and associates (Epstein et al., 1956). The
authors devised a cell or partticle firee system in which Cohn
fraction TI was added directly to a heat-decomplemented serun
sample and the precipitation reaction quantitated visual].yl
after 48 hours of incubation. The rheumatoid factor activ-
ity responsible for‘tﬁe observed precipitawtion r.eaction vas
localized in the ,euglobulin fraction of the serum.

Using these agglutination tests, researchers in~

vegtigated other diseases in which rheumatoid factér was

> e T Sy : S T N S s B e
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‘produced, the nature of the factor itself and the nature of

F3

the "reactant” in the observed agglutination reactions.

2 RHEUMATOID FACTOR IN HUMAN DISEASE

s b pl
©

With the development of ‘nore sensitive and re-,
producibie agglu\tina’tion assays in thé early 1960's, aty
tention was focused <;n the distribution of RF activity with
regard to disease st;ates. Rheumatoid factor activity had

been primarily associated with rheumatoid arthritis since

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

~1940's. Low levels of RF activity were none-the-less found

/

in normal individuals (Aho, 196-1; Waller et al., 1964), in
older persons (De Blécourt et al., 1965) and even in psychi-
atric populations (Oreskes et al, 1968),

High levels of rheumatoid‘ féctor activity are not
confined to rheumatoid arthritis but "have also been demon-
strated in-other chronic conditions such as: subacute l;ac—
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., ]:963); lung diseases (Bonomo et
al., 1966); sarcoidosis (Kunkel et al.,, 1958) ;nd in other
conditions too numerous to mentio:n (reviewed by Bartfeld,

-1969b; Waller, 1969).




It is apparent from this evidence thag rheumatioid
factor activity is not confined to the serum of rheumatoid
arthritis patients, however, interpretation of these obser-
vations has been made difficult by the variety of assay

systems employed and by the conflicting results thereby ob-
tained. Although low RF activity is not disease specific
and can be seen during an acute immune response to a number

of infectious agents and with advanced age, there is littde—s==

doubt that the highest titers of RF activity are associated

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

3 RHEUMATOID FACTOR IN RHEUMATOID ARTHRITIS

3.1 RHEUMATOID ARTHRITIS.

3.1.1 ETIOLOGY
Rheumatoid arthritis (ﬁA) is a systemic disease
which 1is characterized by articular inflammation and de-
struction with accompanying muscular pain and stiffness.
The precis% etiylogy of RA 1s unknown, however, there 1is
evidence which would suggest that environmental factors,
such as bacteria, mycoplasmas and viruses «{(Person and Sharp,
1976); as well as a genetic predispositipn (Stastny, 1978)

may play a role in the initiation of this disease.



3.1.2 TIMMUNE ABBERATIONS
- Evidence 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).7#Lymphocytes
from patients with RA stimulated and responded to other
rheumatoid lymphocytes in a mixed lymphocyte culture re-
action less well than lymphocytes from normal subjects
(Astorga and Williams, 1969). McDuffie anduBunch”(l977b)
pointed out that this observation might have beea due to
the sharing of the HLA-DR4 alloantigens by RA patients as
first described by Stastny (1976). Stastny (1978) found
that the B-cell alloantigen HLA-DRw4 occurred in 707% of RA
patients while a normal control group showed only a 287

incidence of this genetic marker.
3.2 RHEUMATOID FACTOR IN RHEUMATOID ARTHRITIS

The most characteristic feature for RA is the pro-
duction of a;toantibodies to IgG. These antiglobuling are
~
cpllectively called rheumatoid factors, are found in all

classes of immunoglobulins and will be discussed in detail

in subsequent sections.
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3.2.1 CIRCULATING IMMUNE COMPLEXES

Ffanklin and co-workers (1957) first described ev-
idence for a circulating 22S complex composed of IgM rhéuma—
told factor and IgG from fractionation studies of RA sera
by ultracentrf%ugation. In addition, numerous 'researchers
have since demonstrated the presence of immune complexes in
RA séR (Kunkel et al., 1961; Kunkel, 1963; Heimer and
Pevin, 1966; Winchester et al., 1970; Luthra et al., 1975;
Zubler et al.,, 1976; Gabriel and Agnello, 1977). Further-
more, it has been shown that these complexds are¢ capable of
binding Clq (Winchester et al., 1971; Zubler et al., 1976;
Gabriel and Agnello, 1977) and C3 as evidenced by bindiné
in the Raji cell test (Lambert et al., 1978).

In addition to these large 225 complexes, smaller,
10-17S, '"intermediate complexes' as first described by
Chodirker and Tomasi (1963) have been found to be made up of
two molecules of 'self-associating' IgG class RF (Pope et
al., 1974; Hay et al., 1976; Pope and McDuffy, 1979). These
intermedigte complexes have been- found to be capable of bind-

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

Gabriel and Agnello, 1977).
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3.2.2 PATHOPHYSIOLOGICAL CORRELATIONS

I3

3.2.2.1 CLINICAL SIGNIFICANCE OF RHEUMATOID FACTOR
The clinical significapce of RF in the context of
RA 13 indicated by the ;orrelation of positive serological
Eests with more severe articular and systemic disease
(Epstein and Engelman, 195%; Cats and Hazevoet, 1570; bats
and Klein, 1970) and'by the poorer long-term prognosis in
seropositive patients in terms of disease activ#ty and
functional capacity (Duthie et al., 1964). These correla-
tions seem to apply to mainly the IgM-RF 1levels which are
pgeferentialgy detected by the standard clinical test pro-
cedures, the sheep cell agglutination test and the latex
fixation test. With the development of assays which allowed
for the detection of IgG- and Ig&- rheuma toid factor, ele-
vated levels of these rheumatoid factors, as well as IgM-RF

levels, were found to be associated with more severe disease

in adult and juvenile patients with RA (Bianceo ét al., 1971;

Panush et al., 1971). )
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3.2.2.2 "SYNTHESIS OF RHEUMATOID FACTOR

Local synthisis of RF by synovial tigssue has been
shown (Smiley et al., 1968) and the joint is thought to be
the major site of RF synthesis with most i1 f not all the
increased RF in serum being attributable to spillover (Hay
et al., 1979). RF has also been shown to be synthesized by
normdl B-Cells following stimulation with a ﬁolyclonal B-Cell

/

mitogen, pokeweed mitogen (Koopman and Schroenloher, 1980;

Karsh, 1980). These data would suggest that B-Cells capable

|
of synthesizing RF commonly. occur in normal individuals but

are not ordinarily activated. ¥
< .

3.2.2.3 COMPLEMENT ACTIVATION BY RHEUMATOID FACTOR ,

IgM-RF bound to aggregated IgG can activate com~
plement via the classical pathway (Tanimdto et al., 1975)
and IgG-RF, under some conditions (Bianco et al., 1974), may
also be capable of complement activation. Not all the com-
plement binding sites on aggregated IgG are blocked by RF,
however, most of the complement fixing activity of the ag-
gregate was mediated by RF rather than by IgG (Tes;r and
Schmiq, 1970; Natvig et al., 1972). Eocal consumption of
complement in the joint space of patients with RA has also

been observed (Ruddy and Austen, 1970). There is8 also

4
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significant correlation between serum levels of RF and
consumption of C4 implying that RA is a\systemic disease
in which immqgg complexes containing RF play a signifi-
cant role in’;he pathogenesis of the disease (Kaplan et al.,
1980). f
3.2.2.4 ROLE OF RHEUMATOID FACTOR IN THEJPATHOGENIS}S
, OF RHEUMATOID ARTHRITIS

Fhe ability of RF to form complexes with IgG, fix
complement and promote phagocyto®is of .IgG aggregates (Hurd
e¥ 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
vin the rheumatoid joint is activation and release of lys-
osomal enzymes from phagocytic cells after ingestion of RF

]

complgxgg and complement (Holldﬁder et al., 1965). Al-
though rheumatoid factors are often thought to be deleter-
ioué, they may, however, have a positive or beneficial af-
fect up;n the host, by accelerating elimination of i@mune
complexes through phagocytosis (Ilter and Turner, 1973;
Ziola et al., 1978) or through other mechanisms ;uch as
viral neutralization (Stage and Mannik, 1972).

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

ally associated with the disease rheumatoid arthritis,



seropositivity per se does not determine the severity of

this disease in view of the occurrence of high titers in a
number, of other, unrelated chronic illnesses (Bartfeld,
1969b). It has been concluded that the pathogenic mechanism
in RA cannot be attributed solely to the ﬁresence of RF.
Furthermore, factors such as the synthesis, alteration in

- !

the quantity and avidity or specificity of the RF produéed
may also be of critical importaﬁce (Hay et al\., 1976).
Howe;br, in view of the physicochemical properties associated
wit; RF, there is little doubt that RF concribhtes signifi-
cantly to the pathogenesis. of rheunatoid arthritis (Kaplan

et al.; 1980; Kocopman and Schroenloher, 1980).

4 PHYSICOCHEMICAL CHARACTERISTICS OF RHEUMATOID FACTOR

“ v
1

4.1 ANTIBODY NATURE OF RHEUMATOID FACTOR

Until 1957, RF had been described as a number of
things including an accessory agglutinating factor, a con-
glutinin, a fraction of complement (Bartfeld, 1969a) and
something between a component of the comple;ent system and
an antibody in its own right (Epstein, 1969) . The notion
that RF was indeed an antibody was suggested by analytical

ultracentrifugation studies of sera by Franklin and co-

wofkers (Franklin et al., 1957). The authors demonstrated



o
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the presence of a circulating 22S complex in the sera of

~7gome rheumatoid arthritis patiénts. Upon disassociation

of this material with wurea, 19SS and 78 fractions were re—
covered. The 19SS fragtion was found to be reactive in the
Cohn fracdtion ITI precipitation method of Epsteink(Epstein
et al., 1956) and was apparently éamma globulin in nature
by electrophoretic studies. Christian furthered these
studigs by demonstrating an equilibrium reaction seen in
the classical antigen-antibody systems (Christian, 1959).
The author added heat-aggregated human IgG to the isolated
228 complexes and found that after precipitation occurred,
7S gamma globulin was recovered in the supernatant. This
observation was suggestive of an equilibrium reaction where-
by the addition ofgexcess antigen resulted in the release
of soluble IgG after centrifugation to remove the precipi-
table rheumatold factor-IgG complexes,

Fractiomation gf a RF containing serum by diethyl- -
aminoethylcellulose (DEAE-cellulose) chromatography resulted
in two fractions, one of which contained\;heumatoid‘factor
activity (Epstein agﬂ Tan, 1962). The material which was
retained in the anion-exchange co;umn was found to be iden-
tical with euglobulin protein, had ;;gedidentation coeffi-
clent 3f 19S and was termed a gamma macroglebulin. This

identification was based on earlier fractionation studies

by the same authors of normal serum (Epstein and Tan, 1961).
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In addition to the identification of RF as an antibody, the
authors suggested the following- definition for RE"“, "The abil-
ity of a class of y-macroglobulins to combine with 78§

Is

globulin defines these proteins ag RF",
4.2 IMMUNOGLOBULIN CLASSES OF RHEUMATOID FACTOR

Until 1963, RF was thought to be mainly a gacro-
globulin with a sedimentation coefficient of 195 and precipi-
tating as a euglobulin,. In t‘odays terminology this would be
a reasonable definition of an IgM class rheumatoid factor or
IgM-RF. The presence of i0-17S, intermediate compi;sxes, in
the sera of patients with rheumatoid arthrditis was found to

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

they were unable to demonstrate RF activity in the 7§ ganma

~globulin isolated from these complexes. Heimer and Nosenzo

et 3

“

in 1965 found a number of serum from patients with RF whose
pseudoglobulin fractions were able to agglutinate latex part-
i1cles coated with human gamma globulin (Heimer and Ndl’se‘nzo, ,
"1965). The majority of this fraction was found to be made
up of 19SS IgM-~RF, however, some of the“pskeudoglobulin frac- .
tions were found to be insensitive to 2-mercaptoethanol
treatment énd by electrophoresis appeared to be IgG. Further

evidence for a 7§ IgG-RF was found during the analysis of

intermediate complexes by Schrohenloher (Schroenlohers, 1966).



The development of specific antiglobulin serum -~

‘allowed Torrigiani and Roitt in 1967 to.demonstrate con-

-

clusively RF in the IgM, IgG\and IgA classes of ‘immuno-
globulin directgd'agginst rabbit IgG (Torrigiani and Roitt,"
1967). 1IgM agqugG rheumatoiJ factors were-found in 100
per cent and IgA rheumatoid factor in 50 per cent of sero-
positive RA sera by this method based on'quantitation by

radial immunodiffusion. Numerous assays were developed

and. the levels of IgM-~, IgG~ and IgA~RF were measured in

s
?

both seropositive and seronegative RA, normal and nonrheu-
matic_disease sera (Torrigiani et al:, 1970; Panush et al.,
1971; Abraham et al., 1972; Schur et al., 1975). The IgM
and Igé factors are the most common But the standard sero~
logicalitests detect mainly IgM type RF which is a m;re
ﬂeff}clent' agglutinator than IgG with the same specificity
(Klein et al., 1966; Torrigiani and Roi&t, 1967; Cats and
Klein, 1970; Estes gt al., 1973; Stage and Mannik, 1973; °
Carson(et al., 1977). IQM was shown to be a more 'efficieht'“
Bindér of an antigen with. multiple antigenic sites, such
as aggregated IgG or IgG bound to cells, thap Igé due to the
influence of tpe polyvalency of the pentameric IgM moieculé .
(Cro£hers and Metéger, 1972; Hornick and Karush, 1972).
Following the first solid evidence for IgG-RF in

1967, a pleghora‘cf assays were developed to measure minute

‘quantities of this class of RF (Estes et al., 19733 "Abruzzo

~
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and Heime¥, 1974; Lyet and Normansell, 1974; Nor@érg, 1976;
Pope and McDuffie, 1979). IgG-RF has been demonstrated in '

i
all normal sera to some degree as well as in most disease

states. However, there are serious questions 'as to the
4 B :
clinical value (McDuffie and Bunch, 1977a) and validity

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

o

. N
is the possibility of false positives due to the nature of

the assay (Stage and Mannik, 1973), and to the interference'
in the quantitation of the IgA- and IgG—ﬁF classes by IgM-
RF (Hay et al., 1976; Carson et al., 1977; Singh and francis,

r978).

4.3 IgM-RHEUMATOID FACTOR

o o

Classical IgM rheumatoid factor does not seem to

o Y

differ in ’ structure from other 198 IgM molecules and has
a molecular weight ofu900,000 daltons. IgM-RF is a pentamer
consisting of 5 ‘subunits each with a moiscular weight of
180,000 daltons (Miller and Metzger, 1965) which are linked
into a stable circular érrangement by the.J chain (Me;tecky °

b

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

G

of two light and two heavy chains (Miller ahddMetzger, 1966)“

and the light c¢ ains are predominantly of the kappa subclass,

907 as compared/ to approximﬁtely 60-707 kappa light chains

4

in pooled normal human IgM (Carsgn and Lawrence, 1978).

P
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4.4 VALENCY OF IgM-RHEUMATOID FACTOR

With a purified prieparation of IgM-RF which reacted
with both rabbit and human IgG, it was shown that each of

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

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

act? with either antigen (Chavin and Franklina, 1969). As
each shbunit of IgM-RF containé tw; 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 molecule would be '10. It was shown that each of the
faé fragments was able to combine with IgG (Stone and Metz~-
ger, 1968), however, the same authors noted that the mono-

meric subunit of the IgM-RF was univalent and not bivalent

for IgG as expected. Similarly,the valency of IgM-RF was

determined to be 5 by ultracentrifugation studies (Chavin®
and Franklin, 1969) and by binding experiments with moho-

meric IgM-RF subunits (Normansell, 1970). The notion that

.one of the two binding sites on the monomeric subunit may

be blocked by steric hindrance following the binding of an

IgG molecule was strenghthened by the work of Edberg and co-,

workers on the valency of Rabbit IgM anti-dextran antibody

ag a function of the size of the dextran molecule (Edberg
et’al., 1972). The authors calculated that the valency of

IgM was 5 for dextran molecules of molecular weight£™of .

o

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

approximately 160,000 daltons would be expected to give an

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

¥

4.5 BINDING CONSTANTS. . o

The association constants for the binding of féM- -
rheumatoid factor and IgG have béen determined by numerous
res;archers. The values obtained for both polyclonal (p-
IgM-RF) and monoclonal (Q—IgM—RF) rheumatoid facto;s with
a var@ety of gamma globulin antigens are summarized in Ta;
ble 2.1. Although the exact figures given %or the binding
constants for the reaction between IgM rheumatoid f;ctor.
;nd IgG are not all the same, the range of 104 - 105 1/M is
quite.low when compared to the affinities, 106 - 108 1/M,
of correspénding anti-IgG antibodies produced by hyperimmu-
nizing animals (Steward et al., 1973; Wager and Teppo, 1978)
and in other well defined IgM anti-hapten-systems (Williams,
1979). The binding constants for the reaction between IgG-
RF and IgG were also found to be of the same magnitude as
those obtained for the Igﬁ rheumatoid factors (Lyet and
Nor;ansell, 1974). The low association constants would
;cqount for the ready dissociation of RF-IgG complexes in

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

sell and Stanworth, 1966; Hay et al., 1976). Low affinity- g

« 9
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auto-reactive antibodies are commonly found in autoimmune
diseases (Eisenberg, 1976; Winfield et al., 1977; Wager and,

Teppo, 1978). It has been established that low 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
(liters/Mole)
p-IgM-RF 7S HGG 3-5 X 10° Normansell, 1970
" " 4 X 105 ‘Normansell, 1971
" " 1-3 X 10° Normansell and Young, 1975
" " 1x 104 Dissanayéke et al., 1977
/
" " 1-5 X 102 Wager and Teppo, 1978
o hAHGG 3-5 X 105 Normansell, 1970
" " . 5 X 105 Normdnsell, 1971
" " 0.9 X 10° Dissanayake et al., 1977
" 'F ~HGG 4-7 X 104 Steward et al., 1973
" " 2 X 100 Lyet and Normansell, 1974
" - " ‘ 6 X 103 Dissanayake et al., 1977
" \7S‘RGG 8 X 10° Normansell, 1971
" " 1-9 X 104 Digsanayake et al., 1977
m-IgM-RF 75 HGG 5 X 104 Stone, 1973
" " 1-9 X 103 Wager and Teppo

* Abbreviations used for the antigens are: 75 HGG - native human IgG;
bAHGG - heat-aggregated human IgG; F.-HGG - F. fragment of human IgG;
75 RGG - native rabbit IgG ;

[
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antibody ach}eves little or no immune elimination of -antigen
.
#
and therefore there 1is also little elimination of antibody
(Steward et al., 1973). High affinity antibodies would be

expected to be rapidly cleared from the circulation after

" combination with antigen and the presence of high titers of

circulating rheumato£d factors may be indicative of a low
affinity antibody (Wager and Teppo, 1978).

Another property of some IgM-RF and IgG complexes
in rheumatoid arthritis sera is insolubility at temperatures
less than 37°9C. which is also term;d cryoprecipftation (Hei-
mer et al., 1962; MacKenzie et al., 1968; Johnston and Abra-
ham, 1979; Johnston et al., 1979). The ﬁg}ecular basis
for the cryoprecipitation of these complexes is unknown.

hd [N

5 SPECIFICITY OF RHEUMATOID FACTOR

The discussion on the specificity of rheumatoid
factors will be divided into three sections based on the
heterogeneity that the'se antibodies exhibit, conformational
specificity, structural specificity and finally species

o

specificity.

5.1 CONFORMATIONAL SPECIFICITY

. ' 4

The specificity of RF in the classical sheep cell




23.

agglutination and the latex fikcation testé is directed
towards the F,. portion of the IgG molecule which has be-
come denatured by the process of coating the latex part-
icles or by combination with antigen, SRBC, in the SCAT
assay. Heller and coworkers demoustrated thag\Cohn frac-
tion II could inhibit the agglutinating activity of serum
(Heller et al., 1954) and subsequently it was shown (Ep-
stelin et al., 1956) that RF could precipitate with Cohn
fraction II. This would seem to indicate that native 78
IgG was able to react with RF as well as denatured IgG bJ;
it was shown that aggregated IgG was neededlto give a pre-.
cipgtin reaction with Rf (Christian, 1958) and this author
also showed that the procedures used by Heller and Epstein
resulted in aggregation of the 75 IgG. Christian demon=-
strated that heat-aggregation of "'IgG (63°C. for 10 minutes)
produced a conformational form of IgG which was highly re-
active with RF in a precipitin reaction and also was a
powerful inhibitor of the FII 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 globulin (Aho and Simon, 1963).
The idea that RF reacted with native IgG had been suggested
by the inhibition studies of Grubb (1956) and also by the

experimeuts describing the 22§ complex formed by the inter-

action of 19S5 IgM-RF and autologous IgG (Franklin et al.,
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1957; Christian, 1959). Aho and Simon (1963) showed that
the interacticn between native 7S IgG and RF was much

weaker than the reaction of RF with aggregated or de- .
natured IgG.‘ Haemagglutination 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 similarly with both types
(Butler and Vaughn, 1964). These observdtions spawned

numerous experiments to establish the conformational form

of the antigen, IgG, which reacted with .RF.
5.1.1 REACTION WITH DENATURED OR AGGREGATED IgG

Ultracentrifugation and optical rétation studies
revealed that the degree of reactivity of IgG with RF de-
pended upon the extent of denaturation irrespective of the
type of denaturing agent (heat, alkali or detergent) employ-
ed (Henney and Stanworth, 1965). It was established that
these denaturation procedures led to the rupture of the di-
sulphide bonds in the F_, region of the IgG molecule and
that the interaction of these ruptured bonds exposed new
antigenic determinants which were recognized by RF (Henney
and Ishizaka, 1968). This change in the F. portion of the
IgG molecule was also thought to occur when IgG combined

®

with antigen in an immupne complex (Gell and Kelup, 1967).
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Gell and Kelus defined RF as an IgM anibody inducedyby
"damaged" IgG. This damage was caused by the binding of

IgG with antigen and it was\poétulated that heat-aggrega~
tion and other forms of denaturation simulated complex
formation (Christain, 1958; Henney and Stanworth, 1965; Gell
and Kelus, 1967; Henney,1969). It was also shown by gel
fractionation of heatfaggregated IgG that the aggregate
population was reactive with RF in a quantitative precipitin
reaction and that native , 7S5, IgG separated from the aggre-
gates was essentially non-reactive in this system (Henney,
1969). Henney demonstrated that hgating caused a:change in
the rotary dispersion constant of gamm; globulin and that
this change was related to the ability of these aggregated

. preparations to react with RF.

5.1.2. REACTION WITH NATIVE IgG
Although it may be accepted that some rheumatoid
L]
factors react only with antigenic determinants present on

conformationally altered IgG, there 1s also overwhelming
evide;;e which suggests that RF also reacts. with native IgG.
Early evidence was, as .described previously, confined to the
existence of 228 complexes In RA serum (Franklin et al., 1957;

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

thermostable inhibitor of thé FII tanned sheep cell aggluti-
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nation test was deacgibed by Oreskes and Plotz (1965).

\
This inhibitor was found to be present in theﬁfraction of
RA serum corresponding to 75 IgG. Alleq and Kunkel showad.
that the inhibitory substance present in the serum of RA
patients coul& be removed from the serum by dissociation with
acetate buffer, pH 4.0 during Sephadex G-200 c:b‘n'romatographyﬁ,_,,7
of RA serum (Allen and Kunkel, 1966). This %aterial 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 ,

i

thereby not allowing the RF to agglutiﬁﬁte the cells coated
with humap anti-Rh antibody. The relative reactivities of the
two forms of IgG could be explained on the hasis of a hapten-
antigen relationsgip, the unaggregated 'mative' IgG failing
to precipitate the RF but nevertheless being capable of in-

hibiting the reaction between RF yith complete antigen (ag-
. \

gregated or complex bound IgG; Heunney and Stanworth, 1965).
5.1.3 MULTIVALENCY

RF was found to react with native, 7S, IgG by the
ultracentrifggatioﬁ studies of Normanselln(1970) and subse-
quenfly, this author demonstrated that the binding constants
for the reaction between RF and either native or heat-aggre-

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

to aggregated gamma globulin appeared to be due to the
multivalent nature of the antigen. This theory would seem

to be in agreement with experiméncs wh&ch demonstrated that
multideterminant antigens with a higﬁ density of antigenic -
sites bound more strJhglyhto IgM antibodies than monovalent
aptigens (Crothers and Metzger,1972). Eisenberg concluded
that the enhanced interaction of a monoclonal RF with ag-
gregated IgG was due entirely to multiple bonds between
individual aﬁtigen and antibody mqlecules (Eisenberg, 1976).
The importance of polyvalent antibody-antigen interactions
increases binding affinity and perhaps favoré\precipitation.
In addition, Eisenberg found that there was no evidence for
any incréased specificity of single antibody aEtive sites
for new antigenic determinan;; revealed on the IgG by the
process of aggregatlon. L Dissanayake and co-workers demon-
strated that RF isolated under neutral pH conditions exhi-
bited binding constants with native human IgG which were
substantially 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

copplex 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, it was shown that no completely 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 already existing determinant (Hunneyball and Stanworth,

1979).
5.2 STRUCTURAL SPECIFICITY
5.2.1 IgG FRAGMENTS

Rheumatoid factorslhave been shown to react with
the F, fragment of human IgG (Stone and Metzger, 1968;
Cerrotini and érey, 1969; Lyet and Normansell, 1974; Carson
et al., 1977; Siqgh-and Francis, 1978), heavy. chains tAllen
and Kunkeg, 1966; Henry et al., 1968; Johnston and Abraham,
1978), pF.' fragments (Ilter and Turner, 1973; Digsanayake
et al., 1977) and specifically to one site on the CY3 region
and three sites on the CY2 region (Natvig et al., 1972;
Steward et al., 1973).
5.2.2 GENETIC AND NON-GENETIC IgG DETERMINANTS

The various rheumatoid factors reacting with .
native human IgG may be clagsified according to the antigen
with which they interact (Natvig et al., 1972). RF was

found to react with only a portion of anti-Rh antisera in
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the anti~Rh human erythrocyte agglutination assay (Waller

Y

H
and- Vaughn, 1956). The heamagglutinating activity of these

rheumatoid factors could be inhibited by some but not al1

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

type producing inhibition in this system was designated Gm(a)
and was subsequently shown to _be genetically determined
(Grubb and Laurell, 1956). Other Gm genetic antigens have
been shown to be reactive with RF, namely Gm(x), (bl) and

(g) (Harboe and Lundevall, 1959; Harboe, 1959; Natvig, 1966).
In addition, the 'non a', 'mon bl' and 'Y, non a' antigens
which are antithetic to Gm(a) and Gm(bl) have also been found
to Be reactive with some rheumatoid factors (Natvig et al.,
1972). The 'Y, non a' antigen <4s confined t; the IgG, sub-
class while the 'non a' and 'mon bl’ antigens are allotypic
withirr one given subclass but are also present in a1l proteins'

of other subclasses, predominantly in the IgGl and IgG3 sub-

classes.

5.2.3 IgG SUBCLASS DETERMINANTS ’ .
Certain IgG subclass antigens have also been shown
to react with RF and these are probably the most commonly
encountered RF specificity. A major antigen in this group
is the Ga antigen shared by the IgGl, IgG2 and IgG4 subclasses
-

(Allen and Kunkel, 1966; Gaarder and Natvig, 1970). From
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these data, it is apparent that RF is a heterogeneous popu-

lation’ of anti-globulins but as it has been pointed out

4 ’

(Chavin and Franklin, 1969; Normansell and Young, 1975), the
rheumatoid factors present in a typical RA serum show little
distinction as a whole~among reactivity with either different

genetic Y-globulin types or subclasses, with }he possible

exception of IgGy (Normansell and Stanworth, 1968; Normansell

and Young, 1975). ' . B

T
o - »

5.2.4 HETEROGENEITY: POLYCLONAL NATURE OF RHEUMATOID

FACTOR . NN

. IgM‘rheugatoid factors which precipitated as cryo- -
globulins with their antigen IgG molecules attached were .
isolated by Johnston and Abraham (1979) and analyfed for IgG
specificity. The class of the "antigen IgG' isolated from
these complexes was also analyéed. In some cases, the IgM-RF
precipitated;an 1gG which was enriched for a certain subclass
indicating a2 highly preferential activity, however, other
rheumatoid factors showed that the selection of IgG was a
random and non-specific protess (Joh;ston and Abraham, 1979).

The ’antigen—Igb' ﬁay not be a unique épecies in mosf‘in— -
staéces (JohnstOﬁfft alt, 1979) and data were found which

support the notion that the original antigenic stimulus for

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

o

L4 v
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no loager in the patient's serum when the IgG was isolated
from the cryoprecipitate. ™= ' ‘ s \
» Certain IgM-rheumatoid “factors show serologic

épecificity for genetic determinants on IgG not present in

the host but present in others' not afflidted with the disease .

' (Williams, 1979).0 It is evident from the data which have

[

‘been found by these numerous researchers that the classical

RF found in the-sera of most patients with RA, ;n a collec:~
tive sense, rebrésents a population of rheumatoié factors
with heterogeneous anti~gammacglobulin specificities (Bulter
and Vaughn, 1965). The term polyclonal RF may also be

applied to this population of rheumatoid factors isolated

I '

from patients with RA as opposed to monoclonal rheumatoid

<

factors, which are monospecific (may bind with different
antigens that share the same determinants) and are usually

isolated from patients with Waldenstrom's macroglobu-

- ¢
linemeia. .

5.3 SPECIES SPECIFICITY .

©

The classical rheumatoid factor assays demonstrated
that rheumatoid factors were a group of ‘anti-antibodies which
o —_— 3 \
were able to cross-react with human and rabbit IgG molecules.

il

The three assays which were used to show that there may be

differences in species Specificiﬁy were the sheep cell agglu-

0
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tination test (Waaler, 1940; Rose et al., 1948; Ball, 1950), ‘-

AY
o

employing rabbit anti-SRBC antibody, and two assiysbusing

o

"human IgG as the antigen, the FII tanned sheep cell aggluti-

nation test (Heller et al., 1954) and the latex fixation

s

test (Singer and Plotz, 1956).

5.3.1 'CLINICAL SIGNIFICANCE ) ] .
" o ’ 1

"Plotz and Singer {1956) noted that the results of

'
o

the latex fixation test compared favourably with the titers

obtained in the SCAT. At higher titers, the sheep cell test
-was better, but those sera containing low titers ;; the latex
test (1:20) were negative in the SCAT test (1:i6). The}e has
‘been agreement between various\resear;HErs doing comparative
testing with these three assay systems that the SCAT test was
the most specific for rheumato;d factors found in RA, the FII
test’was the most sensitive and that the latex fixation test
in the form ofVa slide agglutination test was the most simple
to perform with reasonable sensitiviéy (Ansell et al., 1969;

"Bartfeld, 1969b; Cathcart and 0'Sullivan, 1969; Waller, 1969;

Cathcart ‘et al., 1975; Gall et al., 1978).

-
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5.3.2 _HUMAN REACTIVE AND BI—SPE\CIFIC RHEUMATOID FACTORS

v

©

Cross-reactivity between RF and gamma globuldin from

[

T ecvarious species was first investigated by Vaughn in 1956,

&

2

=Y

using an inhibition assay (Vaughn, 1956). In this method
it wvas shown that immune p;ecipitqtes, formed with egg albu- -
min and rabbit:anti—al}:umin antibody, were able to inhibit .

the alggflutination of sensitized sheep ce;.is by %F Guinea-

.

pig and horse immune precipitates could not inhibit this re- '
acti‘on- between RF and the rabbit anti-SRBC antibody. Further
s;:udies by Vaughn and co-—workeré showed that absorption with
rabbit immune aprecipitat;s selectively removed that portion . _—

4 \\{‘_// -

of the rheumatoid Ffactor responsible for agglu:ination/o/f'

sheep cells coated with rabbit antibody, with minimal, but

14

8ignificant, reduction of agglutination titer for cells -
coated with human gamma .globulin (Vaughn et al., 1958). It
was also shown that absorption of serum with heat aggregated
human gamma gloi)ulin could inhibit all agglutinating act-

ivity in rheumatoid sera. These data provided support for

t

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

with only human IgG and the other which reacted with both

human and rabbit IgG. The cross reactivity with rabbit gamma

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

W

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

Anion exchange chromotography was found to yield

T

/"h

o ———— ot e o
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one 19SS peak which could be absorped ,With Cohn fraction II

and recovered by disassocjiation w\ith urea to give a rela-
\ ! 1
tively pure IgM-RF preparation (Logpalluto and Ziff, 1959).

N
This preparation of RF, when rechroma\f\ographed, yvielded two

peaks one of which agglutinated rabbit she\n‘si{tized sheep
N\
cells and latex particles coated with human gamma globulin,

termed factor I, and a second peak which aggluti\hated ‘only
~. B
the hyman coated particles, factor II. Factor I1 was found

]

to be present in mormal .as well as RA serum and it was

thought that this human-only reactive RF provided a possible

explanation for the observations that sera from patients

with sarcoidosis and syphilis agglutinate latex particles

coated with human IgG but do not agglutinate rabbit sensi-
tized-SRBC. Ultracentrifugation studies demonstrated that
two distinct rheumatoid factor -populations existed (Heimer
and Schwartz, 1961)I. One population, sedimenting at 19.4S,

was found to be reacdtive with cells co_ated with either hu-

_man or rabbit gamma globulin while another, sedimenting at

19.5S, was reactive only with cells coated with huﬁlan g amma
. P
globulin.

The viewpoaint that all rheumatoid factors: were
re;ctive with human 1IgG w}'xile a subpopulation showed re-
activity with both human and rabbit gamma globulin was sup-
ported by the endeavours of Butler and Vaughn (1964; 1965).

These authors demonstrated that rheumatoid sera were re-=::-

7
-
e

v
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active with human, rabbiF, bo&ine, equine, porcine aﬁd
quinea-pig gamma globulin but weée not reactive wWwith chick-
en gamma globulin (Butler and Vaughn, 1964). Witﬁ éells
coated with animal gamma globulins, the respective animal
gamma-globulin was always considerably more effective than
the other gamma globulins 1in inhibiting the agglutination
reactiqn. For examp-le, inhibition of the anti-Rh system
(Waller and Vaughn, 1956) could be accomplished with the
ad;ition 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 (Glynn, 1968; Normansell, 1971). It was shown never-

theless that it was possible to inhibit all RF agglutinating

.activity by absorption of the sera with insoluble human

gamma globulin. The other animal gamma globdlins when

insolubilized inhibited only their respective agglutination
reactions. Subsequently it was observed that insolubilized
rabbit gamma globulin was capable of partially absorping

reactivity with hugan gamma globulin coated cells (Butler

and Vaughn, 1965).

5.3.3 MONOREACTIVE AND BI-SPECIFIC RHEUMATOID FACTORS
It was also thought that there wére trheumatoid

factors which reacted with only rabbit gamma globulin in
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addition to the two reactivities previously described.
Dispersion of agglutination and mixed aggiutination studies,
usingvrabbit sensitized alligator erythrocytes and human “
anti-Rh human erythrocytes, showed that three populations

of rheumatold factor existed: factor a combining with
human gamma globulin only; factor b combining w;th both
human and rabbit gamma globulin;®and factor c combining

with rabbait gamma globulin only (Milgrom et al., 1962).

This theory‘is widely accepted today and has been confirmed
by numerous researchers (Williams and Kunkel, 1963; Norman-
sell' and Stanworth, 1968; Skalba and Stanworth, 1969;
Normansell , 1972; Stewart et al., 1975). ’

) Human FII, aggrfgated FII and rabbit gamma globp—
lin, diazotized to polyaminostyrene columns,. were used to
sepaFate rheunatoid 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 conversel??ﬂ%;égiiéns—passing through rabbit
gamma globulin columns were reactive with human IgG only.’

Normansell showed that three populations of RF
existed by absorption of the rheumatoid factor.onto columns
of human and rabbit gamma globulin (Normansell, 1972). The
majority of the RF had specificity for both human and

rabbit gamma globulin with smaller amounts specific for one
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or the other species of gamma glabulin. The momnospecific
rheumatoid factors which passed through the affinity tol-
umnsg were shown to have similar binding constants for
their respective 78 rabbit or human IgG éntigens in the
ultracentrifuge. The rheumatoid factors absorped to the

human or rabbit gamma globulin columns could be eluted with

0.05 M glycine~-HC1 buffer, pH 2.8, and when tested in the

ultracentrifuge, were reactive with rabbi1t, human and horse
gamma globulin (binding constants 1-5 X 10° liters/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 ™"

ohly 677 of the rabbit IgG was reactive with RF whereas

all of the human 1IgG was found to be potentially.;eaé;ivé
with a polyclonal IgM~-RF (Normansell and Stanworth, 1968;
Normansell, 1972). This was based on the results of Henney
and Stanworth (1964) in which the amount of precipitation _
occurring between RF and heat-aggregated gaaﬁa globulin A
varled according to the species of gamma globulin employed
and on the suggestion (Skalba and Stanworth, 1969) that one
conformational form of rabbit IgG did not react with a
pooled RF preparation. The conformation of rabbit IgG re-
spongible for this species cross-reactivity was confined to

those molecules which were sensitive to papain. Gamma

globulins from species comprising mainly papain resistant



mo}ecules, eg. horse, bovine, chicken, showed low reac-
tivity with RF whereas gamma globulins thcﬁncomprise pre- |,
domi&sntly papain sensitive molecules, eg. human, baboon,
rabbit, showed relatively high reactivity.

Stewart, Hunneyball and Stanworth, employing a

sheep cell agglutination assay with babgon and rabbit anti-
SRBC gensitized sheep cells, showed that each of these sys-
tems was detecting a specific RF population, i.e. one which
is specific for human (baboon) Igé and one which 1is specif-
ic for rabbit Ig6 (Stewart et al., 1975). A third popula-
tion was found to react with both. The incidence of the-
monoreactive RF population in ;he sera of patients with
suspected or confirmed RA was low, less than 97. Although
most 1f not all rheumatoid factors have been shown to react
with either human or rabbit IgG,. or both, the possibility
that there may be a population-of RF which reacts monospe-
cifically(giph Ig¢ from another species has also been sug-
gested (Hans;zn and Winblad, 1978) but these would be ex-
pected to be quite rare. :

Dissanayake and co-workers (1977) showed that the
binding constants fo£ the precipitation reaction between
pooled polyclonal RF and rabbit or human 7S IgG were simi-
lar and were of the same order of magnitude (104 ~ 105 1/mM)

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

the binding constants, when adjusted for the potentially

11
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nonreactive rabbit IgG, showed that RF reacted more strongly
with rabbit gamma globulin than with human IgG.
\

The predominance of the RF reactive with both rab-
bit a‘nd human gamma globulin has been questioned (Milgrom
et al., 1962). Normansell (1972) noted that it was not
possible to isolate a reactive population of RF that was
purely bi-specific and therefore, the existence of this
class of RF could only be demonstrated by agglutination -
testing of rheumatoid factors eluted from affinity columns
containing rabbit or human IgG. It would seen hc;wever,
that there is general agreement between investigators that

the bi-specific RF does exist and is the most predominant

form occurring in RA séra.
S.4 GENESIS OF SPECIFICITY ‘ ‘

It 1s apparent from these data that there are
families of RF molecules, each wit:fh ?‘istinct antigenic speci-
ficities in rheumatoid factor containing sera; which would
account‘ for many of the observations that RF-gsera or iso-
lated RF react with Ig6 of different species. In additionL,
it has been suspected that there may be antigenic 3ites on
gamma globulin molecules which are common to the IgG mole-
culés from different speciﬁes, accounting in part fod the

reactivity of RF with IgG from various species (Henney and

AN
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St{nworth, 1964). It has also been shown that there is a
667 sequence homology between the human and rabbit Cy3
regions on the F, portions of these IgG molecules (Steward
et al., 1973). Furthérmore, the observation that dena-

tured or aggregated IgG blocked sensitized cell assays or

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

gardless of the IgG specigs used, has been widely demon-

strated. Here, aggregation is thought to unmask antigenic
sites which are not readily available to RF in native IgG
molecules (Williams and Kunkel, 1963; Henney and Stanwofth,
1965; Skalba and Stanworth, 1969; Gaarder, 1973; Stewart et
al., 1975; Dissanayake et al., 1977).

There is, however, another alternative explana-
tion to account for these observations. Aggregation results
in the formation of a macromolecular complex of IgG moie—
cules, and the subsequent aggregate carries many antigenic
determinants on a single macromolecule as opposed to a single
or relatively few sites on each native IgG molecule. The
binding of pentameric IgM-RF to such a complex would allow
several binding sites to react with several antigenic sites
on the same macromolecule, yielding a greater 'total' a£—~
finity, even though each individual affinity is the same as
th{t for the native IgG. This would then account for the
ability of native IgG to block assays in which aggregated

N

IgG of the same species 1is used as antigen and account for
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the capacity of agéregated IgG of any species to inhibit

—— -

&
native IgG-RF interactions and assays utilizing aggregated

IgG\of dissimilar species. This w;uld also explain the

apparent greater affinity of RF for denatured. IgG compa({d

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

it is possible that RF activity could be obscurred in some

sera due to the binding of R? ith autologous native IgG R
l Sily unmasked by aggregated

in these sera which is not rea

lIgG in the assays employed (softcalled 'hidden'' RF; Allen

and Kunkel, 1966; Hansson and Winblad, 1978; Maiolini et

al., 1979). Maneuvers, such as gentle iYifdication of
serum, dilution or gel fiitration at n
and Heimer, 1974; Hansson and Winblad, } have been
shown to dissociate RF-native IgG complexes, thereby making
RF detectable. It should be noted, however, that exampies
of, 'hidden' RF are uncommon (McDuffie and Bunch, 1977a).

e

5.5 HETEROGENEITY OF RF¥ SPECIFICITY

(3
x

It is evident from the knowledge that has been
accumulated on RF since ité initial description in 1940,
that it 1s a more heterogeneous population of molecules
than Waaler's 'agglutination activation factor' (Waaler,
1940). The heterogeneity and specificities of RF, whiéh

have been degcribed above, include specificity towards in-



42.

’

tact IgG molecules (monomeric, aggregated, surface ab-

sorbed), towards IgG subclass deteruminants on IgGl - IgGé4,

towards determinants en F, fragments both genetic and non-

genetic, towards antigenm-antibody complexes and against
heterologous IgG molecules, most notably towards rabbit IgG.

N

Thus, rheumatoid factor is usually defined. as a population

i

of molecules directed primarily against determinants on the
éc portion of the human IgG molecule.

In addition to rheumatoid factors which react with
IgG, antiglobulins”which react with IgA (Fudenberg e? al.,
1968), IgM (MacKenzie et al., 1967), IgE (Williams et al,,
1972), pepsin-digested IgG (Osterland et al.,'l963) and
light chains (Williams, 1963) have all been disc;ibed 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, 196%9a; 1969b) and furthermore, rheumatoid factors re-
act with deoxyribonucleic acid (DNA) {(McCormick and Day,
1963; Hannestad and Johannessen, 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, 1969bf, DNA-histone (Ag-
nello et al., 1980) and nuclear histone (Aitcheson et al.,

1980) have also been reported.

»
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6 RHEUMATOID FACTOR AS SAYS

6.1 THE SHEEP CELL AGGLUTINATION AND LATEX FIXATION TESTS -

e

-

The two most popular' assays in clinical use today
for the detection of RF are, the sheep cell agglutinatién
test (SCAT) and the latex fixation test (LFT). The sensi-
tivity and apparent simpliciéy of agglutination t;:sts\ make |
then pbopular for the detection of abnormal levels of RF.
~The clinical specificity of the SCAT assay renders it a
valuable diagnostic aid for rheumatoid arthritis (Lea and

Ward, 1973). There have been, however, numerous criticisms

N
of these twWwo techniques in recent years,

<

t
Ad

6.2 DISADVANTAGES OF THE SCAT AND LFT TECHNIQUES

The reagents used in the SCAT assay, -namely the

sheep cells and the rabbit anti-SRBC antibodies, are labile.

and the method has been found to be relatively insensitive
(Shakib and Stanworth, 1978; Gripenberg et al., 1979). 1In
addition, both the SCAT and LFT methods St;ffet fronm diff‘il.-
culties of standardization (Klein et al., 1976; Lea 'and
Ward, 19.78; Gripenberg et al., 1979). Sﬂemi—quantitation

is obtained in these assays by selecting the last positive

reaction in a doubling dilution scale leading to low pre-

I
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cision (Maiolini et -al., 01978). The difficulty and inherent
subjectivity in reading titration endpoint.s lead; to poor
reproducibility (Virella et al., 1978; Klein et al., 19797
Weinblatt and Schur, 1980). Using the latex or’ gensitized

sheep (.\e‘l_l tests, 467% of 208 clinical laboratories reported

abberant and‘widely varying resulFs i'n assaying 5 RF-con- s
tainiong samples (Singer, 1?74): Another disadw;antage in - \\b
using these tests is the inability of agglutination asgsays

to demonstrate the presence o.f IgA, IgG or’ogher non-agglu-
tinating rheumatoid fat;tors with low\avkidity (Lea and Ward, i

1978; Jones et al., 1979). These observations have led to
the development of new RF assays which are more sensitive
1} \ -

and more reproducible than the Tatex or sheep cell aggluti-

-~

3

nation tests.

6.3 CURRENT }U? ASSAYS
"

Some of .the current methods for the measurement

of RF in human®serum are summarized in Table 2.2. Thgse as-
. W

says fall into four basic categories based on the method~-
ology employed. These are: haemagglutination assays in
wvhich a sensitized human or animal erythrocyte is aggluci-
nated by RF; latex agglutination assays in which latexopar—

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

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

-~ ~



"tated in ge¥ (by an auxillary antibody ot by tﬁe,uSe of

polyethylene glycol); and solid phase assays which generally
employ solid pha;e IgG to which RF is absgrbed and the re-
;ction quantitated with the addition of apti—human immuno- .
globulins “labelled with radiocactivity, flourocein or en-
zyﬁes. In addition, nephelohetrib techniques have been
déécribed and these will be discussed in subsequent sec-

@

tions.

For 14 of these assay$ in which co;parisons were
done between the new assay results and the classical SCAT
and LFT titers for the same sera, only one test (Shakib and
Stanworth, 1978) did not show correlation with these stand-
ard RF assays. Although the results of the new tests were
comparable with those obtained in the SCAT and LFT assays,ﬁ

most, if not all, of these new assays were shown to be more

sensitive and more reproducible than the classical tests.

-~ !

Each of these tests was found to have advantages and dis-

"advantages associated with the methodology employed, how-—

ever, it ig not within the scope of this discussion to com-
sider the tests per se although .comparisons may be made

with the results obtained by these authors.
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: TABLE 2.2
o ) . d “d
CURRENT METHODS OF RHEUMATOID FACTOR ASSAY K
i : o~ .
2 Antigen “ Quantitation RF Classes® Ref .
! Haemagglutination Assays ‘ “
: . HGG, native or Inhibition of anti-Rh M 1.
i fragments human erythrocyte )
¢ agglutination ¢ “
’HGG, covalently * Agglutination M mainly? - 2.
bound to formali- read visually 3
- nized SRBC 5
Latex Agglutination Assays -~ .
Lo S .
HGG bound to Turbidity in M mainly 3.
latex beads ° Spectrophotometer , .
NHGG or hAHGG bound Agglutination in " 4, '
to latex beads Coulter Counter
NHGG bound to Agglutination in " . 5.
latex beads Coulter Counter - ,
" A , .
e . HGG_bound to Light Scatter in " 6.
| £ latex be;gs Nephelometer . C
; ~\‘~-/11GG bound to Agglutination " ‘ 7.
' latex beads read visually ‘
: ~ HGG bound to Aggregation in " , 8.
‘ latex beads Platelet Aggregometer :
Precipitation Assays e
hAHGG-'2°1 Immunoprecipitation M ) 9.
. e ' with anti-IgM ~
' hAHGG Precipitation M mainly, G%. 10. )
. SN in Agarose after 2«ME '
BGG or EqGG, F, Precipitation , M,G,A in toto" 11.
coupled to FITC with 107 PEG ) ‘
(cont.)
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e \\ | j
TABLE 2.2 (cont.) c ! .
‘I! i :

Antigen - Quantitation RF Classes Ref.
Precipitation Assays (cont.) ' g
hAHGG-12%1 Precipitation M mainly 12.

L3

with 2.57 PEG

Solid Phase Assays

&
o

RGG or HGG insolu-
bilized with ethyl-
‘chloroformate

RGG bound to
plastic

e

HGG, F. bound
to.plastic

\

hAHGG or gARGG
bound to plstic -

?

RGG anti-SRBC bound
to smeared SRBC

RGG bound to
plastic

-hAHGG or hARGG .
bound “to cellulose

RGG bound to
plastic

RGG or HGG insélu—
bilized with glut-
araldehyde

HGG anti-viral
antigen bound
to latex particles

Rad%al Immidnodiffusion

lzsl—anti—Igy or
anti-IgG

125

I-Rabbit Fabz
anti-IgM or
anti-IgG

1251-Goat anti-IgM

1257 -Rabbit anti-IgM
or anti-IgG

FITC~Rabbit anti-IgM
or anti-IgG

-

ELISA-hAHGG or hARGG

1257 Rabbit anti-IgM

or antil-IgG

Radial Immunodiffusion

F1S)
s~
1

1257 _pig anti-IgM

M,G,A seperately® 13.

M,G seperately 14.
e, .
~ M,G seperately 15.
M 16
M,G seperately 417:
M,stepefately . 18.
M,G,A in toto 19.
M,G seperately 20,
M,G,A seperately - 21.
M - 22,
) (cont.)
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TABLE 2.2 (comnt.) \
Wntigen . Concentration RF classes Ref.
Solid Phase Assays (coqt.) ®
hAHGG or ARGG ELISA-anti-IgM M 23.
bound to plastic - s
RGG bound to 1257_Rabbit anti~IgM M,G seperately 24,
plastic or anti-IgG -

.RGG anti~SRBC bound FITC-anti-IgM, anti-

to smeared SRBC IgG, or anti-IgA
HGG bound to ELISA-anti-IgM
plastic

M,G,A sepegately 25.

~

Mo 2.

. Immunoglobulin class of RF detected in these assaysj
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 with Z—mercaptoethanol;o

“ Total contribution of IgM-, IgG, and IgA-RF detected;

5 IgM-, IgG-, and IgA-RF detected seperately.

Abbreviations used in this Table were:

~

HGG, Human IgG; éRBC, Sheep

red blood cells; NHGG, Human Native IgG; hAHGG, Heat-Aggregated Human
IgG; PEG, Polyethylene Glycol; RGG, Rabbit IgG; gARGG, Glutaraldehyde-
Aggregated Rabbit IgG; ELISA, Enzyme—Linked Immunosorbent Assay; hARGG
Heat-Aggregated Rabbit IgG.

Y
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. !
6?A.~NE¥H§LOMETRIC RHEUMATOID FACTOR ASSAYS

*6.4.1 NEPHELOMETRY: DEFINITION AND APPLICATIONS r

.
‘
&
¢

The qﬁantitation of specific proteins in human

serum by nephelometric measurément of immunoprecipitin re-

»

aétiops has gained importance‘fn the past few years Q(Kil-

lingsworth and Savory, 1973). Nephelometry is defined as

the detection of light energy scattered or reflected towards

a detector which is not in the direct \path of the transmitted
\

light (Kusnetz -and Mansberg, 1978): 'Agnephelometer is
capable of detecting soluble molecu%a;\aggregaFes in solu-~
tibns which appear'perfectiy‘eleér to the naked e&e. Tge
increase in‘light scattering due to the formation of anti-
gen;antibody compl;xes has§been examined extensively (Gold-
berg and Campbell, 1951; Tengerdy, 1967; Davies, 1971;
Marrack and Richards, 1971). The parameters for the nephe-
lometric quantitation of human IgG in(éerum with goat anti-
human IgG antiserum were studied by Killingsworth and
Savory (1973). |

0y

6.4.2 LASER NECPHELOMETRY

Until 1976, measurement of immunological reac-
N\ o *
g ,
tions nephelometrf?ally:ﬁad determined light scattered at

12

i
1

;‘-"\ —_— ’1 T
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an angle of 90° (Killingsworth and Savory, 1972). .This
angle limip; the sensitivity of the technique and does not
allow gample backgrounds }o bé well differentiated from the
specific immunological reaction being ;uantiCated.(Buffone
ét al-., 1975; Kusnetz and Mansberg, 1978). The development
of a nephelometer employing a laser as the 1igﬁt source al-
lowed detection of forwa}d light scatter (31°) and increased
the sensitivity of nephelometry for the detect'ion of anti-
gen-antibody reactions (Deaton et al., 1976). The qu;nti-
tation of various serum proteins has been investigated
using‘Fhe laser nephelometer among which are: IgA; 1gG;
IgM; complement component C3; and albumin (Deaton et al.,
1976). Comparisons of immunoglobulin determinations in
pathslogical sera by radial imﬁunodiffusion (RID) and laser
nephelometry demonstrated that the nephelometer offered a
considerable advantage over RID (ﬁﬂmel%aiand ﬁudenﬁerg,
1977). Laser nephelometry was found to be more precise and
was not limited by the mplecular-size characteristics of
the proteins agsayed such as may occur with diffusion meth-
o&a. It should be noted that most commercial nephelometric
assays employ polyethylene glycol to imprqve or enhance
these assays. The effect of polyethylene glycol on immuno-

precipitation reactions will be discussed below. =

.
P
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6.4.3 THE EFFECT OF POLYETHYLENE GLYCOL ON -

IMMUNOPRECIPITIN REACTIONS

Polyethylene glycol (PEG) is an example of a water
soluble polymer which has been used extensively to enhance
the precipitation of immune complexes (Harrington et al.,

-

1971 Creighéon et al., 1973). Increasing'concentrat}ons of
up to 5.0Z added to agar gel p}ogressively accelerated o
specific immunoprecipitation and promoted the formation of
vigible precipitin lines (Harrington et al., 1971). Soluble
complexes as small as IgG trimers could be prgcipltated by
\Ehe addition of PEG with a final concentration of 7.57
(Creighton et al., 1973). Most . of the native immunoglobu-
lins‘were preéipitated by 207 PEG in this system, however,
‘fat concentrations of polyethylene glycol Qp to 3.5%, the
decre?ﬁe in theusolubilities of IgM, IgG and IgA were neg-
ligible while 107 of a heat—aggregatgd HGG preparation was
precipitated with this concentration.

The general mechanism of action of PEG is unknown,v
but the modification of protein golubilities observed in
the presence of water soluble polysaccharides would suggest
that a molecular solvent exclusion effect 1Is 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 u?ed to precipitate
soluble 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 (Liéana and Hellsing, 1974a; 1974b). The over-
all effects of PEG in nephelometric assay systems are: in-
creased sensitivity, increased reaction rate allowing snort
incubation time; for quantitation, and permits antigen to

be quantitated in either antigen or antibody excess.

~

\
6.4.4 NEPHELOMETRIC RF ASSAY

Nephelometry has Béen used for seuweral years to
quantit;te the concentrations of serum proteins but has
only recently been applied to the measurement of rheumatoid
factor. The reaction between RF-containing serum and heat-
aggregated human IgG in the laser nephelometer was first
degcribed in our laboratories (Lamberson et al., 1977).
Subsequently the Hyland Division of Travenol Laboratories,:
inc., developed a clinical nephelometric RF assay (Jones
et al., 1979).1 In addition, this reaction has been studied
by other reséarchers whose techniques are summarized in

Table 2.3. It has been shown that the results of the com-

mercially available Hyland nephelometric rheumatoid factor

~



assay correlate well 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).

TABLE 2.3 f /

NEPHELOMETRIC RHEUMATOID FACTOR ASSAYS

4

Antigen Quantitation Reference

hAHGG, monomer Hyland Laser Lamberson et al., 1977

free Nephelometer

hAHGG, unfrac- Hyland Laser . Jones et al., 1979

tionated Nephelometer

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

tionated Nephelometer

hAHGG, unfrac- Behring Laser .Roberts-Thomson and Bradley, 1979
tionated Nephelometer

hAHGG,“unfrac— » Hyland Laser Whitsed et al., 1979

tionated Nephelometer

hAHGG, unfrac- Beckman Rate . Finley et al., 1979

tionated - * Nephelometer

hAHGG, unfrac- \ Hyland Laser Weinblatt and Schur, 1980 .
tionated Nephelometer “

hAHGG, monomer Hyland Laser Duke et al., 1980

free; hARGG Nephelometer
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6.4.5 ADVANTAGES OF NEPHELOMETRIC RE ASSAYO

Although numerous assays have been develoée& for
the de;ection of RF in human serum (revigwed in Sect. 6.3),
nephelometry offers several advantages over other agsay
techniques. Short incubation times (less than 60 minutes)
made possible by the enhancing effect of polyethylene gly-
col allow results to be obtained rapidly. The NeRF assay

is simple and makes use of stable reagents which do not

D

‘require labelling with radioactivity or with enzymes. A

higher precisiqn than-with RID is obtained and the sensi-

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

assay systems, is respectable (60lng/ml IgG may be»qp;nti-
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 is by titration, a notoriously
inaccurate technique (957 confidence limits generally are
plus or minus 2 dilutions; Finley et al., 1979). The vari-
ability of the NeRF assay 1s also less than the iIA (Joqes
et al., 1979) or the latex fixatio; test (Weinblatt and
Séhur, 1980). Since the reaction 1s carried out in fluid

phase, the problems associated with gel diffusion assays

(e.g. monomeric versus polymeric antigen quantitation) are

<
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*avoided. The only apparent advantage of any o% the other

RF assays-over the NeRF assay 1is a function of the ability
of the indirect RIA or enzyme-linked assays to distinguish
betweén different subclasses of RF that participate in the

test reaction (Jones et al., 1979).
7 GOALS OF THE RESEARCH

The'goal of this réqearch has been to increase
the knowledge about angibody~antigen reactions, specifi-
cally the reaction of RF with IgG. These reactions have
beeﬂ investigated using‘a newly developed nepheiometrié
assay. Experiments have been designed to examine both
the species and conformational requirements for IgG to

x

react with rheumatoid factor.
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) . ' ., CHAPTER ITI
s . .

MATERIALS AND METHODS

1 CHEMICALS AND SUPPLIES .

Reagents and supplies were obtained from the fol-
lowing sources: polyethylene glycol (éEG; 6000 ﬁxw.),
E-amiﬂo-n—caproic acid (EACA), glycine—Héi, Folin-Phenol
reag;nt, sodium dodecyl sulfate (SDS), Fisher Scientific
Co., Dorval, Que.; Tris-hydroxyaminomethane (Tris), glu-
taraldehyde, ethylenediaminetetraacetic acid (NazEDTA),

B _ eihyleneglycol bis (aminocethyl)~-tetraacetic acid (EGTA),
Sigma Chemical Corp., St. Louls, Mo:.; Freon-MF (trichloro-
.monofluoromethane), Dupont Canada Ltd., Maitland, Ont.;
; . 2-Mercaptoethanol, Eastman Organic Chemicals, Rochester,
N.Y.; bovine serum albumin (5X crystaline), Pentex Labora-
o tories, Kankakee, Ill.; 2-iodoacetamide, J.T. Baker Chemi-
cal Co., Phillipsburg, N.J.; Bio-Gel A-5m, Bio-Rad Labora-
tories, Richmond, Ca.; DEAE cellulose (DE-52), Whatman Ltd.,
Maidstone, kent, England; Sephadex G200, Pharmacia Fine
Chemicals, Uppsala, Sweden. All other chemicals were of

reagent grade and were purchased from Fisher Scientific Co.,

Dorval, Que.
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2 BUFFERS e s
. - - ‘ : - e
_ 0.015 M Tris=-0.15 M NaCl buffer, pH.7.4, was used
rd s - \\\ i

in all experiments unless otherwise noted in the Text.

Buffers were filtered through a 0.45 um filter (Millipore

B -~

Corp., Bedkord, Mass.) and were used within 7 days of prepa-
ration. In some experiments polyethylene glycol (PEG) was
added at concentrations noted in the Text. Concentrations

of PEG are indicated as wfv, expressed as percent (Z). -

1 Y

3° SERUM SAMPLES

—Sera submitted for rheumatoid factor titration were

obtained from the clinical laboratory of the Division of
e

Clinical Immunology, Royal Victoria Hospital, Montredle. :
\

These sera were stored at -20°C for not more than one week

prior to use. In addition, blood from selected patients .
k3 s S v

with definite or probable rheumatoid arthritis, as well as
from normals, were obtained. Blood samples were allow;d

to clot at room temperature (22°C), centrifuged at l,OOO'x

g (15 min.; 22°C) and sera stored at 4°C until used. Before’
being assayed for rheumatoid factor activity, all sera were
heat-decomplemented (56°C; 30 min) and then clarified by

centrifugation (13,000 x g; 10 min; 229C).
- - ‘\\‘

- -
» -
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4 SERUM MANIPULATIONS
o /

4.1 DELIPIDATION OF SERUM AND BIOLOGICAL MATERIALS

"

o ~

' ; .
Sera which iwere visually lipaemic were delipidated
K
Two volumes’of’ Freon-MF yere vigourously

/

mixed with one volume of heat—decompleménted serum for 10

with Freon-MF.

minutes. Samples were then centrifuged (l3,000_x\g; 10 ming-

22°c) and the del}pidated serum—cargfully removed from the
! s
Following this delipidation .

-

underlying lipid interface.

procedure, sera were immediately assayable in the nephelo-
4 N i

&

meter. Other biological materials, as indicated.in the Text,

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

¢

©
¥

- i
4.2 EUGLOBULIN PRECIPITATION 'OF SERUM

~

Serum were dialyzed exhaustively aéaiﬁst distilled

o

water at 49C and the euglobulin fraction separated from the
pseudoglobulin by centrifugation (10,000 x g; 10 min; 4°C).
. ! 0

The bellet was resuspended in Tris-NaCl buffer and clarified
by centrifugation (10,000 x g; 10 min; 4°C); Both the re~

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

a

vity in the nephelometer.

- v
o e E AR Gy 3o U U e T e
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4.3.2 Z-MERCAPTOETHAﬁOL AND IODOACETAMIDE -

R

- ' ’ ‘ 59.

@ ! ]

+ 4.3 REDUCTION AND ALKYLATION OF SERUM )

!
. . [ )
.
P

4.3.1 CYSTEINE AND IODOACETAMIDE ‘

? ! . .
X
« .

"0.5 M cysteine was added to serum to give final

conceptrations from 0.025-0.25 M (see Results.3.1) and in-
> X

"cubated at 22° for 10 minutes after which 1 M iodoacetamide

was added to-give final concentrations twice the cysteine
‘ .

-

concentrationg. After reduction and adkylation, serum/was

dialyzed exhaustively against Tris-NaCl buffer.

/

°

N o

c £

24mereaptoetﬁénol (final concentration 0.1 1) was

added to serum, ;ncubéted fdr four hours at 22°C after which

»

. .
iodoacteanide was added (final concentration 0.2 M) and re-

acted for an additional 10 minutes. After r%guction and
alkylation, serum was exhaustively dialyzed against Tris-

NaCl buffer.

\ .
R
\

4.4 PRODUCTION OF "ARTIFICIAL" RF-SERUM

~ v f 9
T

Purified polyclonal rheumato}d factor (pRF) at

v

concentrations indidated in tﬁe Text, was added to 1 ml heat-

decomplementedghuman normal serum (no detectable NeRF-acti-

>
{
i
i
¥
i
'
i
:
1



 ficients, expressed as 0D

g ~
2

nd incubated with gentle mixing for 24 hours at 4%¢.

"Artif\i ial'" RF-serum was thef éssayed';":fo,r NeRF actiyity.

\[ h v

Protein was measured by the Lowry method, using

T ~

bovine serum albumin as standard (Lowr& et al., 1951) or

4.

* spectrophotometrically. For purified proteins, there was

a alose rélationship between protein concentrations as o,
measured by the Lowry method and by absorbancy at,286¥nm7ﬁ ———— o

using known extinction coefficients. The extinction coef- ry
= - .

280 for a 10% protein so{;tion 4

and a 1 ¢m light path, used for protein concentration deter~
mination were: 11%.85; IgM.rheumatoid factors;"14.3, human

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

1968). ’ ;
6 GEL FILTRATION CHROMATOGRAPHY - g : s

. ‘Analytical and preparative gel filtration were .-

done using 67 agarose gel (Bio~Gel A-5m). Tris-NaCl buffer

>

was the elution buffer and fractions were collected repre-
senting approximately 1% of the total volume of the.column.“

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

ume of the column. Columns were c.ww%fated with human IgG,
. i




PRI

- e muga

ve

61.

1s - >k

o -

. - -

human IgM and heat-aggregated human IgG (MW grea}:ér than

5 x 166 dal tons; Methoc%s 7'.4). Human Ig& and Igt} were ‘
kindly donated by Dr. C.K.O0sterland. Eluates were moni-
%ored for protein content by the Lowry method or by absorb-
a;cy at 280 nm, "

Nephelometrici §ct°ivit:y ofﬁghe eluates was as‘saye\d
by reacting aliquots of the eluates with—4 corresponding RF
or antigen éreparaltion. Inlt};ése experimen,ts, a final in-
cubatic;n volume of 1.0 ml Tris-NaCl buffer containing lz\’
PEQ was used. RF in serum (final concentration 25 pul/ml;
LFT 1:1024) was used to test for antigen activity in' elu-
ates while aggregated IgG (antigen; final concentration
50 u\g/ml) was used to test for RF activity in eluates (see
Results). Reactants were incubated for 60 min at 22°C and

activity, quantitated in the nephelometer, was expressed as

Net LS after subtraction of appropriate blanks.

7 PROTEIN ISOLATION

[

Three major groups of protein were purified:

‘.rheumatoid factors; gamma globulin (IgG); and»CIq.

. E}

-
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7.1 RHEUMATOID FACTOR ISOLATION C

4
’

7.1.1 POLYCLONAL RHEUMATOID FACTOB (pRF)*

€

pRF was i1solated from po?led sera of four patients

with rheunatoid arthritis which had high titers of RF acti-
]

, vity when assayed by the latex fixatdion test (LFT). Serum

was fractionated by e.lrglobulin precipitation and the pre-
cipitate, ?ollected by centrifugation (5,000 x g; 10 min;
aoc)nwas resuspended in Tris-NaCl buffer containing 0.02%
NaN3 and chromatographed on Bio-Gel A-5m. Peak tubes cor-
responding to the molecular weight of purified IgM (900,
000 daltons) were pooled, concentrated by ultrafiltration
gsing Am,icoan-—lO membranes (Amicon Corp., Lexington, Mass.)
to a final concentration of‘ 7.6 mg/ml, and filtered through
a 0.22 um fi“lter (Millipore) into sterile wvials for storagef
at 4°c. Purity of the isolated pRF was established by
"analytical gel filtration chromatography (Bio-Gel A-5m5,
sodium dodecyi sulfate-polyacrylanide gel electrophoresis
(SDS~-PAGE; after the method of Weber and Osborne, 1969), .
and’by immunoelectrophoresis (IEP; as described in Ouchter-

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

(Hyland Di\&ision, Travenol Laboratories, Costa Mesa, Ca.).

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

showed a single peak of protein with an elution volume cor-
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responding to IgM, SDS‘-PAG'E showed a single band of pro=
tein with a molecularu weight estimated to be 900,000 dal-
tons. IEP showed a single precipitin .1line cha'racteristi'c'.
of IgM.

! 1
Y

7.1.2 MONOCLONAL RHEUMATOID FACTOR (mRFog)

Monoclonal rheumatoid factor was isolated from a
patient (O0G) with rheumatoid arthritis' and Waldenst_rom's
macroglobulinemia., Plasma samples from this patient were
a generous gift of Dr. J. DelCarpilo of the _RVH. Plasxlna
was diluted with three volumes of 0.015 M Tr‘is-O.ZO M NaGl
buffer, ph 7.6, and then fractionated with ammonium sulfate

at 507 saturation. This precipitate was collected by centri-

<

fugation (5,000 x g; 10 min; 4°cy, resuspended 1in| Trig-NacC )

buffer as before and dialyzed against distilled water. The
pfecipicate was resuspended in this buffer, c:mcentrated by
ultracentrifugation using an Amicon P-10 membrane (Amicon)
and subjected to gel filtration on Bio-Gel A-5m, Protein

content (OD m) and RF activity (Methods, 6) were meas-

280 ‘n
ured on each fraction. Fractions with peak RF activity with

heat-aggregited human IgG were pooled, concentrated by

ultrafiltrétion, and rechromatographed on this column,

- \I/\
Again, peak activity fractions were pooled, sterilized“by

~
N

passage through a 0.22 uym filter and stored at 4OC at a

-

thamimn s
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final concentration of 0.7 mg/ﬁl in 0.015 M Tris-0.20 M NacCl
buffer, pH 7.6, Eontaining 0.027 NaN3. Purity of the i{so-
lated mRFog was establishe; by gel filtraéion (Bio-Gel A-5m),
SDS~PAGE, and IEP. Results of gel filtration (Results, 5.1),
showed a single peak of activity with an elution volume
corresponding to IgM. SDS-PAGE ghowed a single band of pro-
tein with a molecular weight estimated to be 900,000 daltons.
Immunoelectrophoresis showed a single precipitin arc, char-

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

antiserum (Hyland).

)

7.1.3 MONOCLONAL RHEUMATOID FACTOR (mRFmi . ,

E

A second monoclonal rheumatoid factor was 1isolated,

from a’patient (M1) with rheumatoid arthri£i§ and Walden-
strom's macroglobulinemia. mRFmi was igolated from, plasma
by euglobulin precipitation followed by gel‘filtratioﬁ*
chromatography using Sephadex G-200 (Pharmacia). Fractiona-
tion was done ugsing 0.15 M acetate buffer, pH 4.5. This
mRFmi was 1solated by C.K.Osterland and was a generous gift.
All {solated rheumatoid facto; preparations were

. N ] ]
centrifugedvat 90,000 x g (75 min; 4°C) in an ultracentri-

fuge and filtered through 0.22 um filters prior to use in

nephelometric assays. . s

e
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7.2 GAMMA GLOBULIN (IgG) ISOLATION

7.2.1 HUMAN IgG

Human IgG was obtained from the Swiss Red Cross
(y-globulin 1.v,, S.R.K. 6%, The Swiss Red Cross Transfusion
Service,,%?rne). ?ﬁis material was centrifuged to remove
insoluble or denatured IgG (90,000 x g; 75 min; 4°C), then
sterilized by passage through a 0.22 um filter and stored
at 4°C in buffer containing 0.027 §aN3. This material was

the source of human IgG for use as human native Igé (NHGG)

@

and for heat-aggregated human IgG (hAHGG).

7.2.2 RABBIT IgG
I )

f

i

Healthy rabbit# wvere bled and IgG‘isolated from
serum by the Cohn—-ethanol fractionation method (Deutsch
1967). The Cohn fraction II material was lyophilized and
resuspended in Tris-NaCl buffer prio; to use, at a con-
centration of 75 mg/ml. After resuspension, the rabbit IgG
was centrifuged (10,00 x g; 10 min; 406) to remove insol~
uble or denatured‘matérial. The soluble Ig8G was used for the
production of spontaneously-aggregated rabbitAIgG (sARGG)’

or glutaraldehyde—aggregated rabbit IgG (gARGG).

&
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A second preparation' of rabbit IgG was 1isolated
from rabbit serum obtained from the Institut Armand Frap-"
pier (Laval, Que.). Serum was fractionated by ammonium
sulfate (507 saturation), harvested by centrifugation
(5,000 x g; 10 min; 400), and the pr?cipitate resuspended
in Tris-NaCl buffer. This material was then exyhaustively
dialyzed against 0.005 M phosphate buffer, pH 7.4, and then
applied to a column of DEAE cellulose (after the method of
Fahey and Terry, 1973). Material, not adsorbec.i to the
column was pooled af ter détetmining protein content (absorb-
ancy at 280 nm) and cellulose acetate electrophoretic
mobility. Two pools were obtained as described in the
Results ‘qs;tion (1.1.13). These pools werﬁ then centrifuggd
(90,000 x g; 75 min; looc), sterilized by 0.22 um pore f£il-
tration and stored at 4°C in buffer containing 0.027 NaNa.
This material was the source of rabbit ng for use as rabbit

»

native IgG (NRGG) or heat-aggregated rabbit IgG (hARGG).

7.2.3 CHICKEN IgG

Chicken I1gG was “4dsolated from freshiy obtained
chicken blood from an abbatoire. After blood was clotted
and- serum collected, Ig(; was igsolated by ammonium sulfate
fractionation. Ammonium sulfate was added (50% saturation)
and the resulcant]precipitafe harvested by centrifugation

~.
\ o

.
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Nos,
J ) (5,000 x g; 10 min; 4°C), resuspended in Tris-NaCl bufs%er,
exhaustively dialyzed against this buffer and ‘then stored

at 4°C.

v 7.3 ISOLATION OF Clgq

Y

Clq was isolated from human serum by the method

of Yonemasu and Stroud (1971) with the modifications used

A -

by Zubler and co-workers (1976). Throughout the tsolation
procedures, activity was monitored by the latex fixation
test and purity establnished by the Ouchterlony technique
(Quchterlony and Nilsson, 1973), using rabbit anti-human

Clq antbsarum (Behringwerk Ag, Marburg W. Germany). Iso-

= M,

lated Clq was sterilized by filtration through a 0.22 um
fi{lter and stored at 4°C at a final concentration of 1.5

mg/ml in Trig-NaCl buffer containing 0.02% NaN3.

» -

8 AGGREGATION METHODS

8.1 SPONTANEOUSLY AGGREGATED RABBIT IgG (sARGG)

o~ ) ‘
Lyophilized rabhit IgC was resuspended in Trisl\-

B NaCl buffer at a final concentration of 75‘*'4§iglvml by mixging

N

at 22% for 6 ‘hours followed by 18 hours at 4°c. 1insoluble

\

material was removed by centrifugation (10,000 x g; 20 min;

(o .
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4°C) and the rabbit IgG containing aggregates that had
-formed spontaneously was gtored at 4°C at a final.concen-
tration of 6.0 mg/ml. The SARGG content of this rabbit.
.;gG was determined by gel filtration chromatography using
Blo-~Gel A-5m., Protein content (OD280 nm) g¢nd RF activity
(Metpods, 6) of each fraction were'measured. sSARGG vas
only used within 7 days of preparation.

&

8.2 GLUTARALDEHYDE AGGREGATED RABBIT IgG (gARGG)

Lyophilized rabbit ng (described above) was aggre-~
gated with glutaraldehyde,lusing a modification of the
method of Avrameas and Ternynck (1969). Lyoﬁhilized rabbit
IgG was resuspended in 0.015 M phosphate buffer, pH 7.0,
and was reacted at a final concentration of 20 mg/ml with
’glutaraldehyde (£inal concentration 1 mg/ml). This mixture
wag 1incubated for Qé to 180 seconds ;t 22°C with vigorous
stirring. Thereafter, an equal volume of 2 M €-amino-n-
caproic acid, or 2 M glycine-HCl, was added to stop the
reaction. After 1ncubatign at 229% fo; 60 minutes, insolu-
ble aggregates were removed by centrifugation (10,000 x g;
20 min; 4°C). Soluble ZARGG was exhaustively dialyzed
against Tris-NaCl buffer and stored at 4°c at a final con-

o~

centration of 2.0 mg/ml. gARGG was used within 2 weeks of

preparat®n. *
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8.3 HEAT;AGGREGATED RABBIT TgG (hARGG) ~

L3

Pool IX ragbit IgG from ion-exchange chromatogéaﬁhy
of rabbit serum (Results 1.1.13) was centrifuged (90,000 x
g; 75 min; 4°C) to remove Insoluble and denatured material.
Rabbit IgG was then heated at 71°¢ for up to 60 minutes,.
Insoluble material was then removed by centrifugation
(10,000 x g; 20 min; AOC) and the soluble hARGG were stored
at 4°C at a final concentration of 2,0 mg/ml. hARGG was

used within 3 months of preparation.

8.4 HEAT-AGGREGATED HUMAN IgG (hAHGG)

ﬁaman £gG at-a_concentration of 20 mg/ml was centri-
fuged (90,060 x g; 75 min; Aoé) and soluble IgG then heated
at 6q°c for 40’min. AggTegates were harvested by centri-
fugation (90,000 x g; 30 min; 400) and resuspended in Trig-
NaCl buffer by stirring the aggregates with a spin-bar for
18 hours at 4°cC. Insolubl@ aggregates were r;moved by cen=-
rifugation (10,000 x g; 20 min; 4°c) and’ the hAHGG, at a
final concentr;tion of 2.0 mg/ml was stored at 4°c. hARGG
was used within 3 months of preparation.

All aggregate preparations were clarified by cen- /
trifugation (10,000 x g; 20 min; AOC) prior to use in‘nepmé-

lometric assays.

+
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8.5 INSOLUBLE AGGREGATED IgG . ’ o

Insoluble IgG aggregates for absorption studies
were prepared from human IgG or pool 1II rab£it IgG (Results
1.1.13) by heating at 75°C for 60 min. The insoluble IgG“
aggregates were separated from the soluble aggregated or
unaggregated I1gG by centrifugation (3,000 x g; 10 min; AOC)
and were washed seQeral times with Tris-NacCl buffer, followed

y further slow speed centrifugation to separatigthe insolu-
ble aggregates. The insoluble rabbit and human igG aggre-~

gates at a final concentration of 2.0 mg/ml were stored at

4°¢c.”

9 RHEUMATOID FACTOR ASSAYS ™

9.1 SHEEP CELL AGGLUTINATION TEST (SCAT)

3

The SCAf assay for rheumatoid factor activity was
carried out according to tﬁe‘recommendations of the World
\Health Organization (Mackay and Ritts, 1979). In brief,
Sh%ep erythrocytes (SRBC; Institute Armand Frappier, Laval,
Que.) were sensitized with a sub«agglutiﬁacing concentration
of rabbit anti-SRBC antibody (1:4 dilution of last dilution

of anti-SRBC antibody causing agglutination of red cells;

bifco Laboratoriesg, Detroit, Michigan). Test sera were

1
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heat-decomplemented t56°c; 30 min)fand were absorped wit;°
unsensitiZed SRBC to remove heterophile antibodies. Doubling
dilutions of the absorped sera were pipetted into V-~bottomed
microtiter plates and sensitized SRBC were added. Following
incubation for 18.hours at AOC, agglutination was wvisually
determined, the SCAT ;iter defined as the last doubling di-
\lution of serum causing definite agglutination of tﬁe sensgi-

tized SRBC.

9.2 LATEX éIXATION TEST (LFT)
LFT assays were done on microscope sliiés by mix-
ing 50 pul of doubling dilutiops of heat-decomplemented sera
with 50 ul ofihumqn IgG coated latex polystyrene particles
(Latex~-Globulin reagent, Hyland Division, Travenol Labora-
tories, Costa Mesa, Ca.)., After swirling for 1 minute,
agglutination was visually determined and the LFT titer was

defined at the last doubling dilution of serum causing defi-

nite agglutination.

9.3 NEPHELOMETRIC RHEUMATOID FACTOR ASSAY (NeRF)

[

¥ * \

9.3.1 HYLAND.LASER NEPHELOMETER PDQ

-~



tion of antigen being quantitated.

- " - I
9.3.1.1 PRINCIPLE OF USE ‘ : "

I ‘o

i

/
The Hyland laser nephelometer used in these studies

is designed td measure the light scattler produced by the

/

formation of/antigen -antibody complexes. The measurement .,

is made by passing a laser beam (wavelength 6;2 8 nm)
throu’gh a solut'ion contalning the reactants (antigen and/or
antibody) and detecting the intensity of the scattered light.

with a photomultiplier tube (PM tube). The amount of light
| s \

scattered by the complex {s proportional to the concentra-

o~

Y

The photomultiplier
tube 1is mount;ed at such an angle (310) as to maximnize the

light scatter of the antigen—antibody complexes while mini-

N\ﬁf

mizing the scatter of the indivi %]; reactants. Particulate

v

material such as dust or other foreign contaminants which

may cause fluctuations in the amount of light scattered 'are
excluded from the final measurement by means of an electronic
screening device which averages the light scat'ter over a

preselected computing time (5-90 seconds). In experiments

[%

reported here, a 5 second computing time was used.

9.3.1.2 QUANTITATION OF LIGHT SCATTER ‘ ‘ ﬂ

"N\

Antigen—antibody reactions are carried out In glass

cuvettes (10 x 75 mm, borosilicate, test. tuhes; Fisher Sci/\ \»

~t
4

~ ~.~‘u,‘~.. s g wom 4

\
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tific, Dorval, Que.) and light sqgttér is reported as per- -

O

cent relative light scatter (ZRLS). iight scatter is rela-

—~

tive due to the lack of an absélute reference standard for
light scatter. ’ In the experiments reported here, the ma-
chine was calibrated daily by the reaction of a stable ref-
erence preparation of isolated rhuematoid factor (pRF) with
heat—aggregated human IgG (hAHGG). The sengitivity of the
PMtube is determined electronically by adjusting the ampli-
fication of the PM output signal. gontrols for this ampli-
fication are expressed as seksitivit? settings and all re~
sults presented here are corrected to a sensitivity setting
Qf 3.3. Result; of experjments are express;d 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 the 1individual reac-

tants (eg. antigen or antibody along).

9.3.2 NeRF ASSAY g ‘- K

The RF activity in human serum has been measured

nephelometrically using a modification of thé method of

)

Lamﬁerson, Gilmore and Ostefland (1977).

s a

v ) .

-
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9.3.2.1 BASIC NeRF.;t\SSAY,
25 yl of héa-t-decomplemented serun were added to
r
'fris-NaCl buffer or Tris-NaCl buffer containing }aggregated
186 to give a final volume of 1.0 ml. For some experiments,
PEG- was present in the incubation buffers, usually at a
final concentration of 10 mg/ml (1%), which is specified
in t':he Text. Aggregated IgG concentration is specified in
tl;e experiments feported in the Results section (Chapter IV)
and was usuélly at a concentration of 50 ug/ml. Comntrols,
~-containing identdical concéntrations of heat-decomplemented
serum alone, aggregated IgG alone’, and buffer alone were
incubated concomitantly with the test mixture. Incubatiqn;
for the routine assay of RF activi?:y in serum were 60 minutes

at 22°C. Other incubation times are j}xdicated‘ in the Text.

Light scatter was measured for each test mixture and control

~
9

mixt;u-re and the RF activity expressed as the net light

scatter (Net LS) after /subtraction of the light scatter of
, the individual constituents (serum; aggregates). The light

scatter of buffeir ‘alone'was used to zero the nephelometer.

An example of a typical experimental desién and results is

shown in Table 3.1.
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.o - . TABLE 3.1
" - M D, “ .
_TYPICAL NeRF ASSAY DESIGN AND RESULTS

' ] -
N

Mixture Constituents Incubaj:ion Typical LS
. Mixture (sensitivity 3.3)
Test ‘RF + Ag: =~ RF—serum 25 pl 150
hAHGG 25 yl A
. \ Buffer _ 950 ul
« . - 1000 ul
Cortrol RF alone RF-sefun 254l 10
. v Buffer 975 ul
1000 u1 . .
" Ag alome hAHGG 25 ul 12
-Buffer 975 ul
| ) 1000 ul
. "o Buffer alone Buffer 1000 ul . o*
NeRF Activity (Net LS) = LSRF + Ag - (LSRF+ LSAg+ Ls‘Buffer)
= 150 - (30 + 12 + 0%)

= 128

Ag = NeRF /antigen (eg. hAHGG); * Buffer alone was used to zero
the machine. :

9.3.3.2 VARIATIONS OF THE NeRF ASSAY

9.3.3.2.1 NeRF ASSAY OF PURIFIED RHEUMATOID FACTORS

In some experiments,‘ RF activity of purified RF
was assayed by substituting this material for RF-serum.
In these experiments, the basic methodology was used but
the quantity of RF was expressed as a final concentration

i

b bt 0k e
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(weiéﬁt/volume) in the incuﬂation mixture: The recovery

;f RF in absorption experiments Qas quantitated uéing con~
centration-RF activity purves. These curves we;é constructed
by reacting known concentrations of purified RF with a -
constant Eoncentration of aggregated IéG. The RF activity
of samplé; of unknown concentrations were then quantitatedl
Dby reference of these' curves. |

-

9.3.3.2.2 NeRF ANTIGEN ACTIVITY

”
3

9.3.3.2.2.1 NeRF ANTIGEN ACTIVITY OF AGGREGATED' IgG

The basic NeRF assay waé used to determine the
activity of aggfegated IgG antigens using either purified
RF, heat-depomplemented RF-serum, or Clq. In these ekxper-
iments, a constant concentration or RF or Clq was incubated
with antigen at a concentration specified in the Text and

NeRF activity quantitated.

4

9.3.3.2.2.2 NeRF ANTIGEN ACTIVITY OF NATIVE IgG

Native rabbit of human 18G was substituted for
aggregated IgG in some experiments., In these experiments,

the assay conditions were the same as the basic NeRF assay

w N

with the exceptiSn that only purified RF was reacted with

El

o gt e s ” (RSN
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9.343.2.3 VARIATIONS IN INCUBATION TIMES

. a

2

-

The time course of the reacti&h of RF with native
or agﬁregateﬁ IgG antigeﬁs_was analized Sy measuring %ight
scattering of incubation mixtures of RF and antigen as we}l
as appropriat; controls at §pecifié time interJals. _Experi¥
ments gould be gréﬁped~according fo the 1e;gth of the time

intervalé at which light scatter was measured. ?hese are:

- Routine Assay?; Time Course Assays; and Kinetic Aésays.

-

4

9.3.3.2.3.1 RQUTINE ASSAYS

'

€
-

In routine assays, RF activity was measured as an
N

~

S . endﬁoint analysis, after the reaction between RF and antigen

had stahiliied.' This type of assay was used mainly ‘to
quantitﬁée{kF activity in RF-serum and wasugqgerally ob~-

§ervedfafter a constant incubation time of 60 minut;s, or
as ‘noted iﬁ§the Text.
gggahforkcombarison with the classical RF'tests, the LFT

Results of the routine assays were

hﬁé&SCAT assays.

>
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9.3.3.2.3.2 TIME COURSE ASSAYS -
>
In addition to the end-point type of foutine NeRF

assay, time course assays were done in which Net LS was

"tieasured at.discrete time intervals (10—120 min, as noted

x

‘in the Text). Results of the time course studies were used

to characterize antigén and isoclated RF preparations, a's
~
wvell as, to determine the optimal times for end-point

analysis used'in the routine assays. .

.
0

9.3.3.2.3.3 KINETIC ASSAYS

~

K

The third type of timed analysis that wa's “used

.
v

/Was the kinetic assay in which light scatter was measured

continuously from the initiation of the RF-antigen reaction.
This reaction generaliy measured during the first 10 minutes

of the reaction. In brief, purified RF (final concentration

50 pg/ml) was mixed rapidly with a given concentration of

antiéen in Tris-NacCl buffer, with or without PEG as noted
in the text; and the NET LS recdrdei continuously by a .
linear peﬁ recorder. The peék rate of re;ction of RF with
each concentfation of antigen was expressed as_Ket LS/min,
and was obtained from the maximum slope of the individual
pen recorder ﬁracings. Vmax and Km values vere derived by

. v

graphing the peak rate for each antigen concentration

-

[V A O
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1s the. asymp-

‘A‘
L

againsgt. the antiéen con{centrati“pn‘ used. Vmax

” .

tote of -the maximum rate obtained and’ Km i3 the antigen

. cdncentration which produced half velocity (Vmax/Z) .

'
* R S
[
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9.3.3.3 SEQUENTIAL NeRF ASSAYS

o ] N N

-~

N
»
~ . o

o

‘ ' Experiments to determine i€ liF—nat:Lve IgG complexes

B would Bi;d ’Clq vere Aone é? fol‘lo;ns". Rheumatoid factor was
Amizred'with native IgG ;tn al fina(l 1.0 ml volume of Tris-NaCl
buffer'containing 2% PEG and this ' mixture ‘incubated at room
temperature for 30 min. Therue‘after, 25 m"l Clq was added to

2 L give a final concentration of 25 ug/ml. After gentle mix-

i

ipg, this was incubated at room temperature for 30 min.
Control incubations of the individual components and their

combinations were made simultaneously at the same final

the final concentrations of the reactants are detailed in
. t v
the Results section.. Light scattering of each incubation

j 5 \ m'ixi:gre vas quantitated and Net LS of the added Clq was
calculated. In other experiments 200 ul of ixegt-decomp-

' o lemented serun that had no detectab}e RF activity, was
substituted for the n’at“ive IgG used above. ’The volume of

. buffer used was corrected to - maintain a final incubation

volume of 1.0 ml. 1Iwoi,different sera were used, ome

4
/ *

- obtained from a healthy adult and a second from an adult

Eoncentrations as in the test mixture. In ‘these experiments,

Aot vl
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"with acquired agammaglobulinemiia,
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10 ABSORPTION $TUDIES ’ ' .

v
\ Y , ~. . . -

t

10.1 ABSORPTION OF RF WITH INSOLUBLE AGGREGATED 186G ‘ .
\\ ' i }

[

PRF or mRF at a final concéntration of 0.3 mg/ml
@

were mixed with 1.0 gm of the insoluble rabbit or human

-~ . aggregates

' 4
in 5.0 ml., Tris-NaC buffer. Samples weére mixed

-

at 4°C for 24 hours and the RF-aggregate complexes were

removed by centrifugation (90,000 x g; 30'min; 4O’C). Sup-

‘ernatants were assayed for remaining RF activity by reacting

25 pl and 100 ul of the superﬁat,ants with a‘p\final concen-

3

tration of 25 and 50 ug/ml'of hARGG or hAHGG in 1,0 ml Trig-
—— DU - ) M
NaCl buffer. Net LS was determined after 60 minutes of

:ﬂicuha:ion. The percent activity remaining was calculated

by dividing the Net LS of RF remaining in the supernatant
by the Net LS of the RF incubased without insoluble aggre—

gates. In addition, the concentration of RF remaining in

the supernatant was quantitated from standard activity-

-~ concentration curves and expressed as ug/ml .of RF.

3
o
~
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‘ 1Q,‘.%-VABSORPTION OF RF WITH -NATIVE IgG “

H .
s » )’ ‘ :

p For the. absorption of RF, native rabbit’ or human
IgG sas mixed with a RF in buffers containing PEG, and re-
'moviN& the subseque;:m;recipitates by c;ntrifugation (13
000 x g; 30 min; 4° C). Purified RF at final concentrations
of 150 or 300 ug/ml was absorbed with ‘mnative IgG at con- .
éémtrations specified in the text, uging PEG at coqcentrationé
which are also indicated in the text. The RF-native IgG
mixture waslmixed for 18 hour; at 406. RF remaining in the
supernatant after removal of precipitafes, was quantitated

by reacting 100 ul of the supernatant with 25 ug hARGG or

hAHGG for 60 min at room temperature in 1,0 ml Tris-NaCl
A

. containing no PEG. RF activity and R¥ concentration re-~

maining in the supermnatant aft?r absorption were calculatedi
as previously deﬁcribed (Methods 10.1). In some experi-
ments, the precipitate was resolubilized using Tris-NaCl,
b;ffer, to the original incubation volume, and RF activity
and RF concentration simiiﬁrly quantitated. IgG in the
gupernatants or in the regolubilizedlprecip{tates did not
interfere appreciably with the assay .of RF with aggregated
IgG, since aéaition of native IgG to control NeRF assays,

at concentrations present in the supernatants, changed Net

LS by less than 16%.’ . : *
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ang LFTY assays were compafed using linear regression analysts

and fitting of regression lines by the least squares method.

v

11 STATISTICAL ANALYSIS

\ R
A

f

8 2"

Data oﬁtaingd from NeRF assays and from the SCAT

4

Significance limits (p valueg) for the correlation- toeffi-

tables in Documenta Geigy.

8%

.

cients (xr values) were determined b§ reference to scientific
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‘CHAPTER IV '

EXPERIMENTAL PROCEDURES AND RESULTS

o

r

1 CONDITIONS FOR NEPHELOMETRIC RHEUMATOID FACTOR

o

ASSAY (NeRF) . “ , )

N . L4

. =
+

1.1 "ANTIGEN PREPARATION -

1)

1.1.1 HEAT-AGGREGATION OF HUMAN IgG (hAHGG)

s

“In order to determine the relative quantities of
aggregated and unaggregated gamma globulfn in the hAHGG
preparation, the material was ‘subjected 'to gel filqratfon.

When these fractions were reacted with heétédecomplémentgd,

RI-con}aining serum (Latex t;ter = 1:1624),,oniy m&terials

+

eldfing in the VO%dpyolume of the column were reactive,

.

Fig. 4.1. Fractions which eluted corresponding to an esti-

mated molecular weight of 75 IgG were unreactive in this

assay system.

[OOSR Sy ———
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Elution Volume (ml)

1.0 ml1 sample of heat-aggregated—human IgG (2.0 mg/ml) was

chromatographed on Bio-Gel A-5m (0.9 x 90 cm.) and 1.0 ul

fractions collected. ' Absorbancy (280 nm.) and NeRF anti-

gen activity (Net LS) are d1illustrated. IgG, elutidn peak

of native IgG chroniatographed ‘separately; Vo, voild volume. ,
‘ )
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1.1.2 TIME COURSE OF .THE REACTION OF hAHGG WI.TEi ‘

-

' RF-CONTAINING SERUM

‘o

The time course of the reaction of 50 ug. of the
r -
human aggregates with various dilutions of a rheumatoid

o

" surum is.shown in Fig. 4.2a. The amount of light scatter
increﬁseq vith ti1e time of incubation and at 60 minutes the
reaction reached a plattau phase and was constant for 60
minutes thereafter. Similar results were obtained when a

.constant amount of serum was reacted with various concen-

trations of the aggregated human IgG, Fig. 4}.2b. When
_ these results are plotted at the plalteau time reached at 60
mi:nutes, the al;lount of light gscatter obtained is dependent
on bot‘h the amount of RF-conﬁaining serum added as well as

the concentration of the antigen, hAHGG, used, Fig. 4. 2¢ -

“

b

1.];.3 SPONTANEOUS AGGREGATION OF LYOPHILIZED RABBIT ~ R

‘ IgG UPON RESOLUBILIZATION '(sARGG)

-y 1 %

4

* : f Having established the conditions for.the.nephelo-
. ‘ .

' metric measurement of RF in serum using heq:-—asgregated
hgnau I‘gG as the antigen, our attention focused on the
aégregation of rabbit IgG. Resolubilization of iyophilized
rabbit; IgG resulted in.the formation of spontaneous aggre-
gates which w‘are fractionated on BioGel Adm, ;l;ig. 4.3. un~
t
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RF-serum at the concentrations indicated'(a); serum (25 ul/ml) was reac-
ted with hAHGG at the concentrations indicated (b); or hAHGG at the con-
¢+ centrations indicated was reacted with different concentrationg of RF-
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like fhe‘human aggregates, it was apparent from the elution
profile that only a ;9811 amount of the raSbic 1gGé was
aggregated yielding a small void peak. Aggregates with
‘molecular weights of less than 5 x }06 daltons and greater
than a 78 1gG molecule (160,000 déltons) were also obtained.
+When the fractions were tested for NeRF antigen activity,
.the m;jority of the activityrwas recovered in the void vol-
ume. The fractionmated sARGG was pooled into six fractionms

for further analysis.
1.1.4 NeRF ANTIGEN ACTIVITY OF FRACTIONATED sARGG

The six pooled fractions, labelled I-VI, were
assayed for'ptotéin content and adjusted to have a concen-
\sration‘og 2.0 mg/ml. The f{actions were then assayéd in
the nephelometer for reactivity with a heat-decomplemented
RF-serum. The results of this experiment are summarized in
Table 4.1. Fraction I contained the most NeRF antigen ac-

tivity while fraction II had only half of this activity and

the remaining fractions contained almost no.activity. Re-

{ .chromatography of fraction I showed it contained aggregates,

found in the void volume of the BioGel ASm column, Fig. 4.3.

o
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Absorbancy (280 nm)

FIGURE 4.3

GEL FILTRATION CHROMATOGRAPHY OF sARGG

[ |

1.6 4 “a
1.2 4
0.8~
. 0.4 - .
0.0 - . b~0'0'0;0~<br0-n-r0o07n.QTn

T T
12 16 20 24 28 32 36 40 44 48 52

Fraction Number

1.0 ml sample of spontaneously aggregated rabbit

126 (@) (6.0 mg/ml) was chromatographed on Bio-

Gel A-5m (2.5 x 48 cm) and 3.0 ml fractions col-

lected. 1.0 ml sample of isolated Fraction I ag-"
gregates (O) (2.0 mg./ml.) were chromatographed

seperately. 1IgG, elution velume of native IgG;

Vo, void volume. -
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TABLE 4.1

NeRG ANTIGEN ACTIVITY OF POOLED FRACTIONS OF sARGG

Pool Fraction Nos. NeRF Activity
(unfractionated = 1007%)

I 16 - 20 1107

II . 21 - 26 . 527

I1I 27 -31 ) 67

1v 32-38 2Z

v 39-45 17

VI 46 - 52 1z

Fractions from gel filtration of sSARGG on BioGel A5m were

pooled and adjusted to a'final concentration of 50 ug/ml

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 ug/ml.
1.1.5 COMPARISON OF NeRF VALUES OBTAINED WITH

UNFRACTIONATED sARGG AND FRACTION I sARGG

Fraction I aggregates and the unfractionated sARGG
were compared by assaying 24 heat-decomplemented RF-sera
with each of these antigens. Except for differences in the
NeRF antigen concentrations used (Fraction I, 50 ug/ml; un-
fractionated sARGG, 150 ug/ml), the two rabbit antigem
preparations gave similar nephelometric results. The r-
value of 0.83 was significant (p <0.00l) and the relation-
ship was linear. ?he Fraction I aggregates were not stable
for more than threé days and tended to become.insoluble
after this time rendering them too troublesome to prepare

and use reliably., The unfractionated sARGG could be formed

‘
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quite simply and new batches could be made with reasonable
reproducibility when needed. The unfractionated sponta-

neous rabbit aggregates were used for further studies.

I.1.6 TIME COURSE OF THE REACTION OF sARGG WITH

RF-CONTAINING SERUM

The results of the time course study of the nephe-
lometric reaction between a constant amount of serum andﬂ
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 increase in light scattering but after 30 minutes
there was a aecrease, while the reaction with hAHGG pla-~
teaued and remained stable throughout the incubation period.,
It was possible however to compare the reaction of RF with
these two.antigens after 30 minutes of incubation: The
spontanecusly aggregated rabbit aggregates tended to be-
come insolub}e with extended stor;ge and failed to'produce
a plateau unlike their human counterpart. In order to ful-
£f111 the need for more reliable preparations of soluble

aggregated rabbit IgG alternative methods of aggregation

were investigated.

. )
,
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TIME COURSE OF THE REACTION OF RF-SERUM

WITH sARGG AND WITH hAHGG

SARGG Added (ug/ml)

hAHGG Added (ug/mil)

A

50.0

Al12.5

6.25

30

60 120 0
Time (min)

30

’ )

60 . 120
Time (min)

Heat~decomplemented RF-gerum {(LFT 1:1024; final concentration

4 25 ul/ml was reacted with various concentrations of sARGG and
hAHGG in 1.0 ml Tris-NaCl buffer containing 1.0Z2 PEG. Net LS
was measured after the incubation times as indicated.
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1.1.7 ALTERNATIVE METHODS OF RABBIT IgG AGGREGATIbN

Although the literature mentions that rabbit IgG
may be aggregated by heating at 71°C,, it was fo&nd that
the lyophilized and resuspended rabbit IgG did not form -
soluble aggregates upon heating. Aggregation with ethyl-
chloroformate (Ilter and Turner; 1973) also produced in-
soluble aggregates. By decreasing the concentrafion of
glutaraldehyde and the incubation time before addition of
the amino~group donor to stop the Feaction, a modified
method of glutaraldehyde aggregation (Avrameas and Ternynck,

1969) produced soluble rabbit aggregates.

1.1.8 CONDITIONS FOR GLUTARALDEHYDE AGGREGATION OF
RABBIT IgG {(gARGG)
\

\

The final conéentrations of 0.1% glutaraldehyde'aud
2,0% rabbit IgG were‘uspd and the reaction was ca;riéd out
in Tris~NaCl buffer, ph 7.4. As the length of the incuba-"
tion period appearﬁd to be a determining factor 1in the
glutaraldehyde cross-linking of free amino groups on the
rabbit 1gG molecules, experiments were done using iﬁcubation
times of 30, 60 and 180 seconds, A further consideration
was the choice of amino-donor used to stop the reaction,

The results of these experiments are illustrated in Table

4.2, S
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TABLE 4,2
Fa en '
CONDITIONS FOR GLUTARALDEHYDE AGGREGATION OF RABBIT IgG
m
Incubation Time Amino- Centrifugation NeRF Activity
(sec.) Donpr g Time \(sARGG = 1002)
’ (min.)

30 * Glycine 10,000 10 152 .

30 " 10,000 30 37

30 EACA 10,000 10 . 176%

60 mo uﬁhentrifuged 3112
) ™

60 " 10,000 10 N 3007

180 " 10,000 10 2207

Rabbit IgG was reacted with glutaraldehyde for the times specified’
and the reaction terminated with the amino -donor indicated , after
which insoluble material was removed by centrifugation. The aggre-
gates ‘were then assayed at a final concentration of 50 ug/ml, using
an RF-serum (LFT 1:1024), and their activity expressed as”a percent
of the activity of sARGG, assayed at the same final concentration.

Glycine was found éo be unsuitable as an amino
group donor beéause the aggregates formed were insoluble,
When E-amiho-n-caproic acid (EACA) waa\used, however, the
aggregates remained soluble and it was possible to deter-
mine the optimal incubation period. 60 seconds of incu-
bation followed by the addition of EACA ‘to stop the reac-
tion gave an increase of 3007 in NeRF antigen activity with

a RF-containing serum over the Net LS value obtained with

the same concentration of sARGG.

[— P - A A~ b & e an - Ve memm v e v s et
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1.1.9 COMPARISON OF NeRF ANTIGEN ACTIVITY OF

SARGG vs gARGG

'

1 ‘R'

"The Net LS values for 29 RF—conéaining sera ;b-
tained with 8ARGG and gARGG are compared in Fig. 4.5. The
glutaraldehyde aggregates reacted in ajsimilar fashioh as
the spontaneous aggregates and a linear relationship was

found (r =0.94; p <0.001)

1.1.10 TIME COURSE OF THE REACTION OF gARGG WITH

RF-CONTAINING SERUM

In addition to the similar reactivity of the glu=-
taraldehyde and spontaneous rabbit aggregates, illustrated
in Fig. 4.5, and the increased stability of the gARGG re-
aéent, the time course of the reaction of the glutaralde~
hyde aggregates with a RF~containing serum was similar to
that obtained with hAHGG. 1In Fig. 4.6, the time course for
the nephelometric reaction of a RF-serum with either gARGG
;r hAHGG are compared. The glutaraldehyde aggregates were

found to react in a similar manner to the human aggregates.,

Thé)gARGG reaction plateaued and remained stable, differing

from the sARGG reaction which demonstrated a decrease in

net light scatter after 30 minutes of incubation.

»
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SARGG NeRF Activity (Net LS)
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R
FIGURE 4.5

™,

COMPARISON BETWEEN NeRF ACTIVITY OBTAINED

WITH gARGG AND WITH sARGG

80 -

0= T T T 1

0 20 40 & 60 -~ 80
g8ARGG 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 obtained were: equation of the
regression line, Y = 0.81X + 5.25; r = 0.94;

, p <0.001. '

.
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NeRF Activity (Net LS)
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FIGURE 4.6

TIME COURSE OF THE REACTION OF RF-SERUM
WITH gARGG AND WITH hAHGG

120 - B

gARGC Added (ng/ml) hAHGG Added (ug/ml)

3

@ 50.0
50.0

25.0

- 25.0

12.5 12.5

6.25 6.25

0 L 1 1 4 1 R i i '

0 30 60 120 0 30 60, 120 -
Time (min) ) . Time (min)

Heat-decomplemented RF-serum (LFT 1:1024; final concentration
25 pul/ml was reacted with various conceutrations of gARGG and
hAHGG in 1.0 ml Tris-NaCl buffer containing 1.07 PEG. Net LS
was measured after the incubation times as indicated. ’
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1.1.11 REPRODUCIBILITY OF AGGREGATE -PREPARATIONS

An important consideration in developing an antigen
for use in the.NeRF assay is that new preparations faust re-
éct‘in é ménner indistinguishable from previou; batches, .
Ne; preﬁagftions of gARGG were shown to re?ct in a similar -
fashion as older prepaiations when identical concentrations
of béth two week old and freshly prepared gARGG were tested
in the NeRF assay with 15 RF-containing sera. In this ex-
periment a regréssion coefficient of T =0.99 (p <O.Qpl)
emphasized the reproducibility of glutaraldehyde aégregate

'

preparation.
i.1.12 WITHIN-RUN REPRODUCIBILITY OF gARGG AND hAHGG

Within-run reproducibility was used to charac:erize
the gARGG and the,results 0of quadruplicate tezts of four
different RF-sera are summarized in Table 4.3. From these .
data, the coefficlents of variation for the NeRF assays with
the rabbit and’ human antigens are 3.3%7 * 0.3%7 (X + 5.D.) and
4,37 £ 1.6 respectively. With the preparation of the glu-—
taraldehyde-aggregated rabbit IgG, we P;& produ;ed an anti-
gen which reagted quantitatively and qualitatively similar
to a homologous preparation of human-aggregated IgG in the
NeRF assay. Preparation of heat aggregated rabbit g;mma

P
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‘globulin-was undertaken to provide anothHer antigem for

I

As the lyophilized rabbit gamma

globulin was unsuitable for these experiments, rabbit IgG

was isolated from rabbit serum.

" TABLE 4&3/

N

WITHIN-RUN REPRODUCIBILITY OF gARGG AND hAHGG ANTIGENS

Antigen Serum 1 7} Serum 2 Serum 3 Serum 4
gARGG 81.5 + 0.7*% 35.5 + 0.3 65.6 £ 0.5 . 82.4 £ 0.7
hAHGG 75.1 * 0.7 41.5 + 0.6 64.7 + 0.4 88.8 + 1.2

* All figures given

1.1.13

/)

are Net LS + S.E.M. for quadruplicate assays.

ION-EXCHANGE CHROMATOGRAPHY OF RABBIT SERUM

The results of DEAE~cellulose chromatography

~rabbit gserum are shown in Fig, 4.7.

Fractions 20-32/were

L . '
relatively clear in appearance while the remainingf tubes

were turbid, containingaa lipid material. Elect_bbharesis

of fractions 28, 38, 51 and 60 showed tubes 28 and 38 con-

tained protein with y mobility.

?

rial of predominantly Y mobility whereas fraétibn\SO con=

AN

Fraction 51 contained mate-

tained predominantly B mobility material. Fractions 24 to

32, which were not thrbia, were pooled (Pool I) and frac-

w77
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" 'FICURE 4.7
B 4
TON-EXCHANGE CHROMATOGRAPHY OF RABBIT SERUM ,

Cellulose Acetate
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Rabbit serum &8s subjected to 507 ammonium sulfate
fractionation, precipitate harvested by centri-
fugation (5,000 x g;* 10 min.; 4°C.)  and resuspended
in Tris - NaCl buffer. The resuspended precipitate
was dialyzed ehaustively against 0.00G# M phosphate
buffer, pH 7.4, and 200 ml chromatographed on DEAE~
_cellulose, equilibrated with this buffer, 5.0 ml.
fractions of the material not adsorbed to' the col-
umn were collected, Absorbancy (280 nm) and cellu~
lose acetate electrophoretic mobility of the frac~

Y tions are illustrated. - >

99.
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and accounted for 22% of the pool II material

. tions 33 to 44, which were turbid, were pooled (Pool II).

-IgG (93%) elp%ed at the same positlon as purified 75 IgG.

100.

N

1.1.14 FRACTIONATION OF POOLS I & II BY GEL FILTRATION

s kY
. - .

Pools I and II from the ion-exchange chromatography
of rabbit serum were fractionated on BioGel A5m7 -Pool I
eluted as a single peak ¢ontaining 987 of the protein chroL <
matographed.- The elution volume of this peak corresponded
to that of purified 75 IgG. Pool II, however{/showed con~

[x3 e

tamination with a‘high ?olecular welght substance which was

e

turbid, presumably a lipid, accounting for the marked tur-

bidity of this pool. This peak eluted near the,void volume ' :

chromato- L

S

graphed.

E} > ’ j
1.1.15 DELIPIDATIGN OF RABBIT IgG POOL II (

Y.

8

Pool II was delipidated by freon-treatment and was

»

i
1
]
§
I

no longer turbidJ; When the delipidated rabbit IgG pool

~

near the "vold was reduced by 737 compared gi;h non-delipi-
: *

dated pool fI: The remainder of the delipidated pool II

-
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! : 1.1.16 HEAT AGGREGATION OF RABBIT IgG (hARGG)

bl

Rabbit IgG was aggregated by heating at 71°C,
With incre;sing incubation at 71°C., the percent of delipif
dated pool IIrIgG which aggregated, increased as shown in
(é . table 4.4. This 1increase was quantitated by gel filtration
! (BioGel A5m) and materi;r eluting as aggregated and -an un-
. aggregated IgG was measured. Pool I when incubated at 71°C,
forme& insoluble aggregates urnlike pool II IgG. Incubation
of pool II Rabbit IgG for 30 minutes at 7£PCn uniformly :

produced aggregates useful for nephelometry and was used

for preparation of hARGG.

TABLE 4.4

EFFECT OF HEATING RABBIT IgG AT 71° C.

~ Incubation Aggregated Unaggregated
. ! Time IgG IgG
(nin.) (% of Total) (% of Total)
&
. ©0 6% 942
, - ' - 10 <o 237 77%
’ : . - 30 . 447 567
60 . 61% 392
(
° L ¢ .,

5
¢

/y
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1.1.17 TIME COURSE OF THE REACTION OF hARGG WITH
RF-CONTAINING SERUM
|

The time ¢ourse for the reactions of a RF-serum
with varying amounts o:f hARGG or l}AHCG is illustrated in
Fig. 4.8, Each antigen showed the same profile u;hich is
characterized by a concentration-dependent increase in
light scattering with time, an eventual stabilization of

the reaction and virtually indistinguishable reactions with

FIGURE 4.8

TIME COURSE OF THE REACTION OF RF-SERUM
WITH hARGG AND WITH nAHGG

100 - -
hARGG ADDED (ng/ml) hAHGG ADDED (ug/ml)

50.0

50.0

NeRF Activity (Net LS)

25.0
12.5 i 4 25.0
==t ——d 12.5
6.25 ..
L] 11  }
0 30 60 90 1 - 0 30 60 90 120

Time (min) Time (min)

Heat—decomplemented RF-serum (LFT 1:1024) was reacted with various
concentrations of hARGG and hAHGG. Net LS was measured after the
incubatfon times 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°C was mixed at a final concen-
tration of 50 upg/ml with 20 ul of heat-decomplemented RF-~
serum in 1.0 ml Tris-NaCl buff&r containing 1.0% PEG. The
reaction of aggregated chicken IgG was found to be negligible
when compared to the reaction of hAHGG with RF-gsera after
60 minutes of incubation. Net LS values for the NeRF reac-
tion of chicken IgG with 18 RF-sera averaged 0.1 + 1.6

(X * SD) while these same sera reacted with hAHGG gave an

average Net LS value of 41.7 t 29%.5.

1.2 ASSAY CONDITIQNS

As ghe optimal incubation times and antigen concen-
trations had been established during the time course studlies,
buffer conditions for the NeRF assay were investigated.

J

1.2.1 EFFECT OF POLYETHYLENE GLYCOL (PEG)

Y

In the previous experiments to establish the anti-

gen concentrations and incubation times, polyethylene gly-

o

col (1.0%Z w/v) had been used as a complexing aid (after

- e smenr e
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L
Lamberson et al., 1977). Although incubation of aggregated

IgG with RF-containing serum results in an increase in
light scatter in the absence of PEG, the addition of PEG
results in the enhancement of éhe light scatter obtained.
The effect of various concentrations of PEG (MW = 6000) on
the reaction of rabbit aggregates with an RF-serum is shown
in Fig. "4.9. Similar results were found with the h;man
aggregates (data not shown). PEG concentrations between
0.25 and 1.07% resulted in an increase in net light scatter-
ing which was dependent upon the amount of PEG included in
the reaction buffer. AE concentrations of polyethylene
glycol in excess of 1.07, the Net LS decreased as a result
of the massive increaée in aggregate LS and subsequent
formation of visible complexes which erratically scattered
light. 1.07% Pﬁﬁ included in the reaction buffer resulted
in a 797 enhancement of net light scattering without sub-
stantially 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

-

+

s
The effect of pH on the %gRF assay results 1s.
shown in Fig. 4.10. The reaction between-a RF-serum and

hHARGG is maximal over thé pH ranpge 7;0 - 10.0,.
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FIGURE 4.9

EFFECT OF PEG ON NeRF ACTIVITY

120 -
9
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dud
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&
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PEG Concentration ()

Heat~decomplemented RF-serum was reac%ed with hARGG in
Tris-NaCl buffer containing no PEG or various concen-
trations of PEG as indicated. Light scatter of the in-
dividual 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 ul/ml;

hARGG 50 ug/ml.



NeRF Activity (Net LS)

FIGURE 4.10

EFFECT OF pH ON NeRF ACTIVITY

140 +

120 -1

100 -1

60 1
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Heat-decomplemented RF-serum was reacted:

with hARGG in Tris-NaCl buffer contain-
ing 1.0Z PEG, pH as indicated . Net LS
was measured after 60 minutes of incuba-
tion. Final concentrations of reactants
in 1:0 ml buffer were: serum, 25 pl/ml;
hARGG, 50 ug/ml.
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1.2.3 EFFECT OF NaCl CONCENTRATION

B

‘A concentration of 0.015 M NaCl was found to be op- .

timal for the detection of RF by hARGG, Fig. 4.11. Since .

IgM is generally regarded to be a euglobulin, the possi~

bility of loss of RF due to low ionic strength buffers was |
avoided by using buffers containing isotonic saline concen-
trations (0.15 M NaCl)., The effect of decreasing concen-

trations of NaCl less than 0.15 M on the solubility of rheu-

matoid factor 1is shown in Table 4.5. The serum used for

TABLE 4.5

SOLUBILITY OF RF IN LOW IONIC STRENGTH BUFFERS

NaCl Concentration NeRF Activity

M) (undialyzed = 100Z)
. Supermatant Pellet

0.150 997 0Z

0.100 75% 137

0.050 ' , 13% ~50%
0.010 5% 68%

0.005 . 5% 127

Following exhaustive dialysis of RF-containing
‘serum ggainst Tris~NaCl buffer (NaCl comncentra
tion as indicated), the samples were centPifu-
ged and the pellets resuspended in Tris-NaCl
buffer (0.15 M NaCl) to original volume. Super
natants and pellets were assayed for NeRF acti

\ vity and results were expressed as percent of
undialyzed activity.

v m e em ey n e e s e "
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this study showed a striking decrease in solubility.,of RF,
as evidenced by 1its precipitation upon centrifugation, in
buffers cgntaining less than 0.15 MaNacCl. For routine -

testing, the following buffer conditions were used: NaCl,

0.15 M; Tris, 0.015 M; Polyethylene glycol, 1:07 w/v; ph 7.4.

FIGURE 4.11

EFFECT OF NaCl CONCENTRATION

ON NeRF ACTIVITY

120

90 -

60 -

301

NeRF Activity (Net LS)

0‘ | L ¥ t

1.0 2.0 3.0 4.0 “5.0}/

NaCl Concentration (M) ’

Heat-decomplemented RF-serum was reacted with
hARGG in Tris-NaCl buffers containing 1% PEG,
NaCl concentration as indicated. Net LS was
measured after 60 minutes of incubation. Fi-

nal concentrations of reactants were: serum, -

25 ul/ml; hARGG, 50 pg/ml.
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\ 1

1.2.4 EFFECT OF FREON-TREATMENT OF SERUM SAMPLES

'
-

Lipid in serum s;mfles can interfere with nephelo-
metric assays due to the background ligﬁt scatter of
lipids. 36 RF-sera were tested in the NeRF assay before
and after delepidation with Freon-12. Freon treatment was

N found to have no effect on the Net LS of these sera, when

assayaﬁ before and after delipidation (correlation co-

0.95; p < 0.001). Serum LS, however, decreased

.

efficient
from 50.4 * 15.3 (X £ 5.D.) to 4.5 % 1.6 for these sera.

As a result, delipidation was performed routinely on samples
which were visually lipemic. Freon treatment of these sera
decreased their background scatter and allowed all samples

to be tested at the same sensitivity settings in the nephe-

lometer and elimtpated the need to change the settingé for \\

individualpfamples during batch testing.

2 COMPARATIVE STUDIES OF RF ACTIVITY IN HUMAN SERA AS
DETERMINED BY THE CLASSICAL METHODS AND BY NeRF

ASSAY

Comparative studies have been done using the sheep
cell agglutination test, the latex fixation test and the
nephelometric RF assay with both rabbit and human antigens,

Data have already been presented which show the similar

3
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*
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NeRF reactivity between the SARGG and ,gARGG antigens with

1

29 RF-sera (Sect. 1.,1.9; Fig. 4.5).

4

2.1 sARGG AND hAHGG vs LFT
}

Latex tit;xs of 67 heat-decomplemented sera were

measured concommitantly with NeRF assays, using sARGG and

\
are compared with the latex titers for these sera in Figs.

hABRGG. The Net LS values obtained ?sing sARGG and hAHGG

4.12a, 4.12b and 4.13. LJg, values for the latex, titers
were used to transform curvilinear data to linear for re-
grgssion analysis. This is 1illustrated by comparing Fig.
4.12a with Filg. 4.12b. Linear relationships were observed
with correlations of r = 0.93 and 0.88 obtained when the
NeRF values for the rabbit and human antigens respectively
vere combared with the log, values for the latex titers.
Sera with LFT titers less than 1:32 have been designated
here as seropegative. From the comparifon expefiments it
has been possible to establish seronegativily with each of
the ,NeRF assays. This has been donme Ly establishing the
Met LS value for a given NeRF assay at which the linear
regressﬁon line intersects the LFT titer of '1:32, Thus

in Fig. 4.12, sARGG vs LFT, sera with Net LS less than 6

-

are defined as seronegative.

1
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Fig. 4.12. 67 heat~decomplemented sera were 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; lower figure (b): linear
relationship obtained when LFT titers are plotted as
log; values. Log,; values for the LFT titers and the gor-
responding Net LS values were compared by linear regres
sion analysis. Data obtdined were: regression line equ-
ation, Y = 8.3 log;X~36.0; r = 0.93; p <0.001. Figures
in parentheses refer to number of samples tested. Arrow
designates seronegative 1limit (LFT 1:32) for SARGG in
this comparison (Net LS = 6).
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. FIGURE 4.12*

COMPARISON OF sARGG NeRF ACTIVITY WITH LFT TITER
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* Legend for Fig. 12 on page opposite.
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FIGURE 4.13

COMPARISON OF hAHGG NeRF ACTIVITY

WITH LFT TITER
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67 heat-decomplemented sera were tested
for RF-activity with the LFT assay and
vith the NeRF assay using heat-aggregh-
ted human IgG. Loga values for the LFT
titers and the corresponding Net LS val
ues were compared by linear regression
analysis. Data obtained were: regres-
sion line equation, Y =8.8 log,X - 34.8;
r = 0.88; p <0.001. Figures in paren-
thesis refer -to number of sera tested.
Arrow designates gseronegative value for
hiAHGG in this compardison (Net LS = 9).
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2.2 sSARGG vs hAHGG

Reactions with SARGG and hAHGG we;e
the NeRF assay using ghese 67 sera, These re
shown in Fig. 4.14. A linear relati;nship w;s found.
(r = 0.80; p <0.001) and the regreséiop line intercepted the
hAHGG axis at a Net LS value of 9.6, Only seronegative

samples, as delineated by the seroneg ive limits for each

antigen, ﬁgiled to react with one or the other antigen, .

4

2.3 SCAT vs LFT

-The next set of data were obtained from coﬁpara—

- H

tive studiles using the sheep cell agglutination test and
the latex fixation test, Results of the SCAT aAd LYT are
compared in Fig. 4.15 for a group-of 29 RF sera. Three
sera were found which differed in titer by two dilutions
while the rest of the sera yereufoun& to differ by’one di-
lution of had the same tiger. An r valué of 0.é9 was(éqund
and the relationship was linear. Further evidence that
freon-treatm?np of'sera"diﬁ not affect rgeumatoid factor
activit; vés ;ﬁmonstrated Qhen 12 RF-sera were gssa&ed for
SCAT and LFT activity before and after freon-treatment.
Only one s;ra gave a different titer aft;r délipidétion with
’ .

freon and this was only a one doubling dilution decrease in
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FIGURE 4.14

3 -

COMPARISON BETWEEN NeRF ACTIVITY OBTAINED

WITH SARGG AND WITH hAHGG

114,

SARGG NeRF Activity (Net LS)

Net LS values for the nephelometric reaction of
67 heat-decomplemented RF-sera with sARGG and

with hAHGG were _compared by linear regression

analysis. Data obtained were: regression line
equation, Y = 0.71X +9.6; r = 0.80; p <0.001.
Hatched lines delineate seronegative limits as
determined from Figs. 4.12 and 4.13.
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FIGURE 4.15

COMPARISON BETWEEN TITERS OBTAINED

WITH THE LFT ASSAY AND WITH THE SCAT ASSAY
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Reciprocal SCAT titer (log.)

29 heat-decomplemented sera were tested for
RF-activity with the LFT assay and with the
SCAT assay. Log; values for the LFT and for
the SCAT titers were compared by linedr re-
gression analysis. Data obtained were: re-
gression line equation, Y = 0.78X + 0.91;
r = 0.91; p <0.001. Numbers refer to number
of sera tested.
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SCAT titer.

2.4 gARGG AND hAHGG vs SCAT

The results of the SCAT testing and NeRF assays
for these 29 sera are compared in Figs, 4.16 and 4.17. The
logys values were used to transform curvilinear data to lin-
ear for regression analysis as was the case with the latex
titers in Sect. 2.2. For both gARGG data there 1s an in-
crease in the average light scatter with each increase in
SCAT titer. In addition, the lTinear regression analysis
yielded r-values of 0.86 and 0.74 for the gARGG and hAHGG

antigens respectively, and both values were significant

(p <0.001).

2.5 gARGG AND hAHGG vs LFT

Comparison of the results of NeRF assays and LFT
titers for 47 sera are shown in Figs. 4,18 and 4.19. The
logp; values for the latex titers gave linear relationships
when compar;ﬁ ;1th the Net LS values obtained nephelometri-
cally. Light scatter clearly increased with increasing LFT
titer. Results were found to be significant (p <0,001) and

linear 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

WITH SCAT TITER
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29 heat-decomplemented sera were tested for RF aetivity
with the SCAT assay and with the NeRF assay using glut-ag-
gregated rabbit IgG. Log, values for the SCAT titers and
the corresponding Net LS values were compared by linear
regression analysis. Data obtained were: regression line
equation, Y = 9.8 log,X - 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

WITH SCAT TITER
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29 heat-decomplemented sera were tested for RF activity
with the SCAT assay and with the NeRF assay using heat-ag-
greagted human IgG. Log; values for the SCAT titers and
the corresponding Net LS values were compared by linear
Tegression analysis. Data obtained were: regression line
equation, ¥ = 8.8 log,X -~ 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 gARGG NeRF ACTIVITY

WITH LFT TITER
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47 {eat—decmplemented sera were tested for RF activity
with the LFT assay and with the NeRF assay using glut~ag-
gregated rabbit IgG. Log: values for the LFT titers and
the corresponding Net LS values were compared by linear
regressjion analysis. Data obtained were: regression line
equation, Y = 13.5 logasX - 49.7; r = 0,84, p <0.001. Fig~-
ures Iin parentheses refer to number of sera tested. Arrow
designates seronegative value for" gARGG in this comparison
(Net LS = 20)
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FIGURE 4.19
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COMPARISON OF hAHGG NeRF ACTIVITY

WITH LFT TITER \ ,
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47 heat-decomplemented sera were tested for RF-activity
with the LFT assay and with the NeRF assay using heat ag-
gregated human IgG. Logz values for the LFT titers and
the corresponding Net LS values were compared by linear
regression analysis. Data obtained were: regression line
equation, Y = 13.6 log.X - 41.5; r = 0.89; p <0.001. Fig-
ures in parentheses refer to number of sera tested. Arrow
degsignates seromegative value for hAHGG in this comparison
(Net LS = 26), . ‘ '
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2.6 gARGG vs hAHGG

The results of nephelometric rheumatoid factor
assays comparing rabbit and human antigen reactivity with
sera from 88 patients is_shown 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 t 1.7 (range 0.5 - 6.1) for the rabbit
and human antigens. The regression line for the RA patients
as tested by the two antigens intercepgts the hAHGG axis at
14.6 Net LS é%d the slope is 0.82. The r-value as calculated
for the linear relationship is 0.91 (p <0.001). Only sam-
ples within the gseronegative limits deviated appreciably
from the regression line. The seronegative limits for the

hAHGG antigen 'was 26 and for gARGG was 20 Net LS.

2.7 hARGG AND hAHGG vs LFT

B ~ Results of NeRF assayl and LFT titers for 50 RF-
sera are shown in Figs. 4.2]1 and 4.22. A linear relation-
ship was found between the log2 LFT titres and the NeRF
assays with hARGG and with QAHGG. Ci;felation coefficients
of r = 0.86 and t = 0.91.(p <0.001) were found for the

rabbit and human aggregated antigen respectively.

v



FIGURE 4.20

COMPARISON BETWEEN NeRF ACTIVITY OBTAINED

WITH gARGG AND WITH hAHGG

100 -

hAHGG NeRF Activity (Net LS)
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. ZARGG NeRF Activity (Net LS)

Net LS values for the nephelometric reaction of
88 heat-decomplemented RF-sera with gARGG and
with hAHGG were compared by linear regression
analysis. Data obtained were: regression line
equation, Y = 0.82X +14.6; r = 0.91; p <0.001.
Hatched lines delineate séronegative 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 decomplemented sera were tested for RF-activity
with the LFT assay and with the NeRF assay using heat-ag-
gregated rabbit IgG. Log, values for ' the LFT titers and
the corresponding Net LS values were compared by lipear
regression analysis. Data obtained were: regression line
equation, Y = 12.8 log.X - 46.2; r = 0.86; p <0.001; Fig-
ures in parentheses refer to number of sera tested. Arrow
designates seronegative limit for hARGG in this comparison

(Net LS = 18).
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FIGURE 4.22

COMPARISON OF hAHGG NeRF ACTIVITY

WITH LFT TITER
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50 heat-decomplemented sera were tested for RF activity
with the LFT assay and with the NeRF assay using heat-ag-
gregated human IgG. Log, values for the LFT titers and
the corresponding Net LS values were compared by linear
regression analysis. Data obtained were: regression line
equation, Y = 11.0 log.X ~ 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'vQéhAHGG .

The NeRF assay results for the two antigens, hARGG
and hAHGG, are compared in Fig. 4.23. The reactivity of
96 serum samples from RA patients showed a linear relation-
ship with a ‘correlation coefficient of 0.93, a slope of
0.82 and intercepted the hAHGG axis at 16.7 Net LS. There
are no sera which are strongly reactive with one antigen
that- are not also reactive with the other except for sera
with low Net LS values, within the seronegative limitéf
The seronegative limit for the hAHGG is 27 and for hARGG is
18. Net LS values for a similarly tested normal population
of 15 sera gave average Net LS 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 hAHGG
3 CHARACTERISTICS OF RF SERA
3.1 REDUCTION AND ALKYLATION OF RF-SERUM

In order to establish the immunoglobulin class
responsible for NeRF activity, reduction and alkylation of
serum with cysteine and iodoacetamide was performed on
several serum samples. The results of these experiments

are summarized in Table 4,6. When serum was incubated with
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FIGURE 4.23 ‘f

COMPARISON BETWEEN NeRF ACTIVITY OB'I'AIN?jﬂ

WITH hARGG AND WITH hAHGG
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20 40 60 80 100
hARGG NeRF Activity (Net LS)

Net LS valués for the nephelometric reaction of
96 heat-decomplemented RF~-sera with hARGG and
_with hAHGG were compared by linear regression
analysis. Data obtained were: regression line
equation, Y = 0.82X +16.7; r = 0.93; p <0.001.
Hatched lines delineate seronegative 1limits as
determined from Figs. 4.21 and 4.22.
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TABLE 4.6
o L 3
: EFFECT OF REDUCTION AND ALKYLATION OF RF-SERUM
ON NeRF ACTIVITY
. ‘ ‘ l
Cysteine Iodoacetamide , ZNeRF Attivity
Added Added (untreated =-.100%)
) () hARGG ~  hAHGG
- - 1007 1002 -
0.025 0.05 877 923 .
0.050 0.10 40% 837
0.10 0.2 107 257
0.25 0.5 1z 1z .
0.10 - . 417 562
- ' 0.2° 997 1027

(=

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 samples

were then assayed for NeRF activity. 2

¢

0.1 M cysteine, the NeRF activity was diminished b} 90 and

75 percent with the rabbit and humap antigens respectively,
Although reduction alone decreased activity, reduction
followed by alkylatiSn produc;d a greater decrease in ac-—. o
tivity than did reéuction without subsequent alkylation.

Such an effett is conslstenf\with alkylgtion preventini re-
formaéion of di-sulphide bonds. Similar results were ob=-

served with_Z-Mercaptoethanol treatment of serum,

s et n RSSO VISP 0¥
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-

3..2 EUGLOBULIN PRECIPITATION OF RF-SERUM

The effect of dialysis. of RF-containing sera
against distilled water 1is summarized in Table 4.7. The
TABLE 4.7

EFFECT OF EUGLOBULIN PRECIPITATION
OF RF-SERA ON NeRF ACTIVITY

Fraction 7 NeRF Activity
(unfractionated = 1007)
hARGG hAHGG
Unfractionated 1007 1007
Pseudoglobulin f% 37
Euglobulin 83% 737

Following dialysis of RF-gerum against dis-
tilled water, the euglobulin pellet was re-
suspended in Tris-NaCl buffer and clarified
by centrifugation. Unfractionated, pseudo-
‘globulin (supermatant) and euglobulin frac-
tions were then assayed for WNeRF activiry.

major}ty of the nephelometric activity was recovered in the
euglobulin fraction with an average of less than 57 of the
unfractionated activity remaining in the supernatant. It
should’be noted that there was a loss of activity in these

precipitation experiments which was 177 and 277 for the

rabbit a human antigens respectively, and presumably re-~

flects incomplete resolubilization of the euglobulin pellet.

s
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4 NEPHELOMETRIC RHEUMATOID FACTOR ACTIVITY OF PURIFIED

POLYCLONAL IgM RHEUMATOID FACTOR (pRF)
4.1, FRACTIONATION OF POLYCLONAL RHEUMATOID FACTOR

Fractionation of pRF was carried out on BioGel
ASm, Fig. 4.24. The majority of the pRF fractionated as a
single peak corresponéing 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
R

The time course for the reaction between 50 ug.
of the purified polyclonal IgM rtheumatoid factor and wvari-
ous concentrations of either the rabbit or human aggregates
is shown in -Fig. 4.25. With both antigens, the light 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 resulted in

an increase in the Net LS. The reactions of pRF with

hARGG and with hABGG was similaf to the reactions obtained
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FIGURE 4.24

GEL FILTRATION CHROMATOGRAPHY OF pRF

v IgM 1gG

20 24 Z8 32 36 40 44 48 52
Elution Volume (ml)
™
1.0 ml sample of isolated polyclonal rheumatoid fac-
tor (pRF) was chromatographed on Bio-Gel A-5m (0.9 x
90 cm) and 1.0 m1 fractions collected. Absorbancy
(280 nm) and NeRF activity (Net LS) of each fraction
are illustrated. V,, void volume; IgM, elution peak
of IgM; and IgG, elution peak of IgG chromatographed
separately. K

130.

r 60
- 40
- 20
- 0

\

©~-=---O S1 3N



NeRF Activity (Net LS)

131.

FIGURE 4.25

TIME COURSE OF THE REACTION OF pRF

WITH hARGG AND WITH hAHGG
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pRF (final concentration 50 ug/ml) was reacted with vari-
ous concentrations of hARGG and hAHGG (as indicated) in
Tris—NaCl buffer containing no PEG. Net LS was measured

after the ﬂ_icubation times as indicated.

4
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with RF-containing serum and these two antigens (Sect,

1.1.17; Fig. 4.8).

4.3 hARGG vs hAHGG

The Net LS values obtained after 60 minutes of
*
incubation for the reaction of pRF with hARGG and with

hAHGG are summarized in Table 4.8. The similarity in the

TABLE 4.8

REACTION OF pRF WITH
hARGG AND WITH hAHGG

Aggregate NeRF Activity
Concentration (Net LS)

(ug/m1) hARGG  hAHGG

50 22 34

100 69 ‘80

200 165 162

400 320 310

800 540 525

__1600 '760 720

PRF at a final concentration of
50 ug/ml was reacted with vari~
ous concentrations of rabbit or
human antigen in Tris-NaCl buf-
fer. Net LS values were deter-

- mined after 60 minutes of incu-
bation.
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’

reaction curves with these fwo antigens is apparent, and
ghen‘the values for each concentration of antigen are
graphed against each other, a linear relationship is seen,
Fig. 4.28. 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 reactioms of vari-
ous amounts of pRF with 50 pg. of either hARGG or hAHGG are
presented in Table 4.9. When these data, obtained with

the two antigens, are plotted against each other a linear
relationship was evident with a slope of 0.74, an intercept

of 14 Net LS on the hAHGG axis, and a correlation coeffi-

clent of r = 0.998 (p <0.001).

4.4 EFFECT OF POLYETHYLENE GLYCOL (PEGX

The previous expériments in this section were done
in Tris-NaCl buffer which did not contain polyethylene
glycol. The data in Table 4,9 show the effects of adding
PEG to the reaction of various concentrations of pRF with
a congtant amouﬁt of either rabbit or human aggregates., At
higher pRF concentrations, the Net LS values obtained are
similar to those found in the absence of PEG. However, as
the concentration of pRF used was decreased, there was an

augmentation of the Net LS measured.
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FIGURE 4.26

COMPARISON BETWEEN THE NEPHELOMETRIC
REACTIONS OF pRF WITH hARGG AND WITH hAHGG
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Net LS values (see Table 4.8) for the nephelo~ o
metric reaction of pRF (final concentration, 50
ug/ml) with various concentrations of hARGG and
hAHGG were compared by linear regression analy-
sis. Data obtained were: regression line equa~
tion Y= 0.93X + 16.4; r = 0,999; p <0.001,

7
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TABLE 4.9

/ :

EFFECT OF PEG ON THE NEPHELOMETRIC REACTION OF
pRF WITH hARGG AND WITH hAHGG

pRF Concentration NeRF Activity (Net LS) Z Jlucrease
(ug/ml) —~ Wwith 1% PEG 3
No PHG 17 PEG ‘
hARGG hAHGG hARGG hAHGG hARGG hAHGG
: = P
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 84.9 178.0 114.0 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

pRF (final concentrations as indicated) was incubated with hARGG and
with hAHGG a® final' concentrations of 50 ug/ml in Tris-NaCl buffers
containing no PEG or 1.0% PEG (w/v). NeRF activity was determined
after 60 minutes of incubation.

)

4.5 NEPHELOMETRIC REACTION OF pRF ADDED TO NORMAL HUMAN

SERUM WITH .hARGG AND WITH hAHGG

‘When various amounts of pur%fied PRF were added. to
normal human serum (NHS) and subs;aquently assa?ed for re-
attivity with hARGG and withwhAHGG, the f;110wing results
were obtained, Table 4.10. There was a negligible increase

in the serum LS when PRF was added to NHS, however, when
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TABLE 4.10

REACTION OF hARGG AND OF hAHGG
WITH pRF ADDED TO NORMAL SERUM

Serum pRF Change in Serum LS NeRF Activity
Concentration Following Addition (Net LS)

(ug/ml1) of pRF hARGG  hAHGG

125 0.2 '10.8 22.2

250 0.5 26.6 39.6

500 1.1 49.7 54.8

pRF was added to serum at the concentrations indicated

and incubated for 18 hours at ;4°C. prior to assay. LS

of serum after addition of pRF and Net LS of serum re-

acted with hARGG and with hAHGG (50 pg/ml final reac-

tion concentration) were determined after 60 min. in-
’ cubation.

these samples’ were reacted with each of the antigens in the
NeRF assay, Net LS increased with increasing pRF concen~
trations added.

-

5 NEPHELOMETRIC RHEUMATOID FACTOR ACTIVITY OF PURIFIED
MONOCLONAL IgM RHEUMATOID FACTOR (mRFog)'

5.1 FRACTIONATION OF mRFos

The elution profile of mRFog on BioGel A5m showed
8 single peak which chromatographed at the same location as

198 IgM and pRF,-Fig. 4.27. When fractions were tested
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FIGURE 4.27

GEL FILTRATION CHROMATOGRAPHY CF mRF og

v IgM IgG

b S
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Elution Volume (ml)

1.0 ml sample of isolated monoclonal rheumatoid fac-
tor (mRFog) was chromatographed on Bio-Gel A-5m (0.9
x 90 cm) and 1.0 ml fractions collected. Absorbancy
(280 mm) and NeRF activity (Net LS) of each fractig
are illustrated. V,, void volume; IgM, elution peﬁ:
of IgM; ‘and IgG, elution peak of IgG chromatographed
separately.
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for nephelometric reactivity with human aggregates, the

activity was confined to the 19S material.

5.2 TIME COURSE OF THE REACTION OF mRFog WITH hARGG AND

WITH hAHGG@

{
The time course study for the reaction between 50

micrograms of the purified monoclonal IgM-RF and various
concentrations of the rabbit and human-aggregates is shown
in Fig. 4.28. There was an increase in Net LS for both
antigens teste& pver time. AMthough the reaction of the
monoclonal RFO8 with the human aggregates tended to exceed
the Net LS produced with the rabbit aggregates, the curves

were otherwise similar.
5.3 hARGG wvs hAHGG

The Net LS values obtained after 60 minutes of
incubation of mRFo8 and variousjconcentratiOSS of (hARGG or
hAHGG 1s summarized inm Table 4311, 1In contrast to the
data that was obtained in studies with RF-serum and puri-
fied pRF, the monoclonal RFog prepar;t{on showed dissimilar
reactivity with the two antigens, It was found that the

mRF reaction with the human antigen co%sistently exceeded

the reaction with the rabbit antigen, #his was most
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TIME COURSE OF THE REACTION OF mRFog

WITH hARGG AND WITH hAHGG

hARGG Added (ug/ml)
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Time (min)
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-

mRF (final concentration 50 ug/ml) was reacted with vari-
ous concentrations of hARGG and hAHGG (as indicated) in
Tris-NaCl buffer containing no PEG. Net LS was measured
after the incubation times as indicated,
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TABLE 4.11

REACTION “6F mRFog WITH
hARGG AND WITH hAHGG

Aggregate NeRF Activity
Concentration (Net LS)

(ug/ml) hARGG  hAHGG
2 25 15 25
. 50 35 42
' 100 73 90
200 125 210
400 - 161 340

800 \ 182 540

-mRF at a final c&pentration of
50 ug/ml was reacted with vari-
ous concentrations of rabbit or

human antigen in Tris-NaCl buf- -~
fer., Net LS values were deter-
mined after 60 minutes of incu~ =~
bations \“\»~-\‘\ i
\\\
!
apparent at high aggregate concentrations.
[
@ »~
A

6 THE REACTION OF RHEUMATOID FACTOR WITH NATIVE IgG

It has been suggested that one of the biological
activities of RF is 1ts ability to bind complement after
combination with antigen, presumably IgG. It would appear

tha€ 1if RF and native IgG formed a complex in vitro, then
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the reaction could be quantitated by Clq in a nephelometriﬁ
iymune complex assay. The folloﬁing experiments demonstrate
that purified polyclonal IgM-RF can-bind with native (78S)
IgG and that the complex thus formed is reactive with Clqg

in the nephelometer. N

'

6.1 TIME COURSE OF THE REACTION OF Clq AND hAHGG
Since Clq is knoyn to react with*hAHGG, as well
/’A\Jﬁﬁ with immune complexes, the capacity for the nephelometer
to detect such reacyions was investigated. The reaction of
25 pg of purified Clq with various concentrations of heat-
aggregated human gamm lobulin 1s shown in Fig. 4:29.
There 1s an increase in Net LS‘which is dependent on both
the aggregate concentration and the incuGBtion time. It
- was necegsary to carry out the reaction in Tris-NaCl buffer
}ﬁhgcontaining 2.0% polyethylene glycol (w/v) since this reac-
%tibn was negligiblq%in buffers conta;ping less than 2.07
PEG. Since both RF and Clq bind aggregates, it was not
feasible to use aggregates to assess the reaction of Clgq
with RF. As a result, purified human native IgG (NHGG)
was examined as an aﬁtigen, reacting with RF, to'analyza

S )

the RF-Clq reaction.
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FIGURE 4.29

TIME COURSE OF THE REACTION

OF Clq WITH hAHGG

hAHGG Added (ug/ml)

25.0
12.5
6.25
—¢ 3.13
RS ] ] 3 L
0 30 60 120

Time (min.)

Clq (final concentration, 25 ug/ml)
was reacted with various concentra-
tions of hAHGG (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 AND OF pRF-NHGG

o

COMPLEXES WITH Clgq

Polyclonal IgM-RF in the presence of 2.07 PEG,
reacted with NHGG (Table 4.12) and this reaction was de-
pendent upon the concentrption of NHGG employed. Similarly,
the Net LS of pRF reacti;g with NHGG increased with in-
creasing RF concentrations. Unlike the reaction of Clq
with aggregated IgG, Clq failed to react with either pRF or
human native IgG alone when incubated in 2.07 PEG. When
NHGG and pRF were reacted together, and Clq then added to
this complex, Net LS increased. This increase was depend-
ent upon the concentration of complexes tested (Table

4.12).

6.3 REACTIONS OF pRF WITH IgG AND OF Clq WITH

pPRF-IgG COMPLEXES IN NORMAL AND AGAMMAGLOBULINEMIC

HUMAN SERA

It was demonstrated (Sect. 6.2) that the reaction
between pRF and purified human native IgG could be quanti-
tated in the nephelometer. This raised the posqibility
that such a reaction might occur between native IgG and RF
in serum. As a éeSult, pRF was added to normal and agamma-

globulinemic sera which did not contain RF, to determine if

N

{
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TABLE 4.12

REACTION OF pRF WITH NHGG AND OF
Clq WITH pRF-NHGG COMPLEXES

Activity with Constant pRF Concentration

NHGG Added Net LS Effect of Clq Addition

(ug/ml) Net LS % Increase
0 0 0 -
50 27 39 447
100 53 65 237
200 102 127 25% i\__
400 . 207 249 207
800 330 474 447

Activity with Constant NHGG Concentration

pRF Added
(ug/ml)
A
0 0 0 -
12.5 38 63 667 .
25.0 92 125 36%
N 50.0 170 257 517
100.0 328 558 70%
200.0 575 768 34%

PRF was reacted with NHGG in 1.0 ml Tris-NaCl
buffer containing 2.0Z 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-IgG reaction was measur-
ed aftér an additional 30 min. incubation with
subtraction of appropriate controls. Constant
concentrations used were: RF, 50 ug/ml; IgG,
250 ug/ml; Clq 25 ug/ml.

\
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A
-

RF would react with native IgG in sSerum. \g
The reactions of 50 uyg of pRF with these sera -
(heat-decomplemented) in Tris-NaCl buffer containing 2.07
PEG is shown in Table 4.13. 1In the presence of 2.07 PEG,
an Iincrease in the Net LS was observed with the addition of
pRF to NHS. Likewilise, there was also an increase in the
Net LS observed when pRF was added to agammaglobulinemic

sera containing very low concentrations of IgG, The net

light scattering obtained was dependent upon the concen-

TABLE 4.13

REACTIONS OF RF WITH IgG AND OF Clq WITH RF -IgG COMPLEXES
IN NORMAL AND AGAMMAGLOBULINEMIC SERUM

-

Serum Serum Effect of p%F Effect of Subsequent
IgG Addition v Addition of Clg

(ug/m1) (Net LS) (Net LS) Z Increase
Normal 1005 95.2 160.3 60%
Ayl 193 24.6 38.5 58%
Ay2 276 31.0 44.9 45%

pRF (final concentration 50 ug/ml) was reacted with 200 ul of
heat-decomplemented serum in 1.0 ml Tris-NaCl buffer contain-
ing 2.0% PEG. Net LS for the RF-IgC reaction was determiped
after 30 min. of incubation. Clq was subsequently added. *and
- the Net LS for the Clq-RF-IgG reaction was measured after an
additional 30 minute incubation with subtraction of appropri-

ate controls. .
K
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tratiod of IgG present in the serum samples. Addition of
Clq to heat-decomplemented normal or agammaglobulinemic
s;ra in the presence of 2.0% (w/v) PEG, but in the absence
of added pRF, produced scarcely any increase in Net LS.
However, when pRF was added to these sera and subsequently,
Clq added, there was an additional increase in net light
scatter 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 with
rabbit and human native IgG (NRGG and NHGG) has been in-

vestigated extensively.

6.4 TIME COURSE OF THE REACTION OF pRF WITH NHGG

\* ¥
AND WITH NRGG e

;
The time course study for the reaction of 50 ug.

of pRF with various concentrations of either 7S rabbit

native ka (NRGG) or 7S human native IgG (NHGG) 1is shown

in Fig. 4.30. The reactionl:were similar for the two/anti—

gens with pRF in Tris-NaCl buffer containing 2.0% PEG.

Similar results were also obtained when 800 ug. of either

NRGG or NHGG were reacted with various concentrations of

PRF.
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FIGURE 4.30
TIME COURSE OF THE REACTION OF pRF
WITH NRGG AND WITH NHGG
500 - - {
NRGG Added (ug/ml) NHGG* Added (ug/ml)
400 d - ‘ 800
800
-
400 400
e
200 200
-
100 100
o LA . | L o L
0 5 10 30 0 5 10 30
“._.Time (min) | Time (min)

pRF (final concentration 50 ug/ml) was reacted
with various concentrations of NRGG and NHGG
(as indicated) in Tris-NaCl buffer containing
2.0% PEG. Net LS was measured after the incu-
bation times as indicated.
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6.5 THE EFFECT OF PEG ON THE REACTION OF pRF WITH NRGG
AND WITH NHGG
3

The previous experiments on the reaction of pRF
with native IgG had been carried out in.Tris-NaCl buffer
containing 2.0% polyethylene glycol. Both antigems reacted
similarly with pRF in the presence\of 2.0% PEG. When 1.07%
PEG was employed in the reaction buffer, there was a de-
crease in the Net LS values for the reactions with each
antigen. However, the reaction of pRF with rabbit native
IgG decreased more than with the human native IgG. In the
absence’pf PEG, the reaction of pRF with NRGG was very
small in contrast to the decreased, but eaéily discernable,
reaction wi&% NHGG. This data is summarized in Table 4.14.

The Net LS values obcained for each concentration
of rabbit and human native IgG were comgared at the various
concentrations of PEG in the reactions buffer. Linéar re-
gression analysis showed a correlation between the two
antigens when 1.0% PEG (r = 0.996; p <0.001) or 2% PEG
$r =z 0.999; p <0.001)‘was ugsed in the reaction buffer but
Ro signiéicanc correlation was found when PEG was not
added. Comparisoﬁs were algo made between the Net LS values
obtaiﬁed with a given antigen and two different coucen-‘

A

trations of PEG. These are summarized in Table 4.15.
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TABLE 4.14

THE EFFECT OF PEG ON THE REACTION
OF pRF WITH NRGG AND WITH NHGG

Native IgG NeRF Activity (Net LS)
Concentration
(ug/ml) NRGG NHGG
PEG Concentration (w/v) PEG Concentration (w/v)
(174 1Z 27 174 1z 2%
100 1 3 60 3 9 45
200 3 12 163 8 28 135
400 6 40 264 20 75 243
800 S 85 391 41 125 367
1600 4 115 526 53 163’ 496

pRF at a final concentration of 50 jg/ml was incubated with either
NRGG or NHGG (final concentrations as indicated) in Tris-NaCl buf-
fer containing no PEG or PEG, 1.0% or 2.0% (w/v) as indicated. Net
LS was measured after 30 minutes of incubation.

i n RIS S B - [ S
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TABLE 4.15

COMPARISON OF PEG CONCENTRATIONS ON THE KEACTION
OF pRF WITH NRGG AND WITH NHGG

Antigen Comparison of Regression
PEG Concentrations Analysis
(w/v)

X vs Y r ]
NHGG 07 17 0.997 <0.001
" ()4 22 0.992 <0.001
" 1z 27 0.994 <0.001
NRGG* 17 2% 0.990 <0.001

* With 0% PEG, NRGG failed to show a substantial
reaction with pRF.

6.6 THE REACTION OF mRFog WITH NRGb AND WITH NHGG

The reaction between monoclonal rheumatoid factor
‘and NRGG and NHGG in the presence of 2,07 PEG is summarized
in T?ble 4.16. mRFo8 was found to react only with human
IgGC. Increasing concentrations of NHGG produced higher net
light scatter values. The reaction of mRFog with NRGG was
small in contrast to the reaction of pRF with thigs antigen

in previous experiments (see Table 4.14).
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6.7 THE EFFECT OF PEG ON THE REACTION OF mRFog with NHGG

The éffect of various concentrations of PEG on

the reaction.between mRFOg and human IgG
fable 4.16. There was an enhancement in
by the addition .of increasing amounts of
to the reaction buffer. The enhancement

addition of 1.0%Z PEG, however, with the

PEG the enhancement was readily apparent.

TABLE 4.16

is also shown in
the Net LS produced
polyethylene *glycol

was small with the

addition of 2.07%

THE EFFECT OF PEG ON THE REACTION
OF mwRF_ WITH NRGG AND WITH NHGG

Native 1gG - NeRF Activity (Net LS)
Concentration
GG :
(ug/ml) NR NHGG

—p—

PEG Concentration (w/v)

: 27 ox 12 2%
100 3.8 2.9 3.5  15.8
200 7.9 6.5 12.0  58.8
400 16.7 12.4  29.9  115.8
-800 24.6 14.4  58.1  182.6
1600 27.1 11.3  41.7  227.3

mRF at a final concentration of 50 g/ml was incu-

bated with either NRGG -or NHGG (final concentra-
tions as indicated) in Tris-NaCl buffer containing
no PEG or PEG, 1.0% or 2.0% as indicated. NﬁRFLS
was measured after 30 minutes of incubation.

failed to react with NRGG in the absence of PEG or

( in buffer containing 1% PEG.
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7 KINETICS OF THE REACTION OF RF WITH IgG

7.1 KINETICS OF THE REACTION OF RF WITH AGGREGATED

ng

The time curves for the first 8 minutes of the
reaction of pRF with various concentrations of hARGG and
of\hAHGG are illustrated in Fig. 4.,31. It 1is evident
that within the first 8 minutes, the reactions of these two
antigens with pRF do not differ appreciable. Measurement

»

of peak rates for individual reactions, as well as Vmax
and Km values for each antigen or RF renders differences in
the kinetics of the RF reaction more apparent. This is

illustrated 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
as well. When the monoclonal RF (mRFog) was reacted with
rabbit and with human aggregates and peak rates determined, -
striking differences were obtained. Earlier results using
an end~point apnalysis showed mRFog reacted poorly with
rabbit aggregated IgG (Section 5.3).

Data in Table 4.17 confirm this earlier .obser-

J
vation, showing peak rates, Vmax and Km are all lpwer with

LS



NeRF Activity (Net LS)

153.

FIGURE 4.31
> TIME CURVES FOR THE REACTION OF pRF
WITH hARGG AND WITH hAHGG

800 - hARGG Added (ng/ml) _ hAHCG Added (pg/ml)

1600

400

200

100

Time (min) Time (min)

pRF (final concentration 50 ug/ml) was mixed rapidly
with various-concentrations of hARGG and hAHGG [as in
dicated) in 1 ml Tris-Na€l buffer containing no PEG.
Net LS was recorded continuosly with a linear pen re-
corder and time curves redrawn from pen recorder tra-
cings. Peak rate values derived from these data are
shown in Table 4.17.

-
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e
hARGG than with hAHGG. Futhermore,i%&is Table shows there
4
are only slight differences in the kinetics of the reaction”

of mRFog with hAHGG when compared with the pRF-hAHGG reac-

tion.
TABLE 4.17
KINETICS OF THE REACTION OF RHEUMATQID FACTOR
WITH AGGREGATED IgG
e
~r
Aggregate Peak Reaction Rate (Net LS/min.)
Concentration - ——

R e wRF o
: ] hARGG  hAHGG hARGG  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, 380 300 160 280

Peak rate and Vpax, expressed in Net LS/min.; Kq, ex-
pressed in ug./ml.

’
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7.2 KINETICS OF THE REACTION OF RF WITH NATIVE IgG

- -

The peak rates for the reaction of RF with various

&
concentrations of rabbit and of human native IgG were—meas-~

ured, using both pRF and mRFog. Since polyethylene glycol

AN

has a definite effect on the reaction of RF with native' IgG,
i

effect of PEG on'this reaction. _The results of thesk ex-

Ll

periments are shown in Table 4.18. Here one can see that
the peak rate of reaction is increased by PEG and that the
concentration of native IgG eliciting the fastest rate

(vmax) is increased with increased concentration of PEG.

Like the similar reactions of PRF with rabbit and with hu-

-

man aggregates, the data show that the reaction of PRF with
rabbit and with human native antigené are essentially in-
distinguishable. This;is in contrast to the rates of the
mRFog reaction with NHGG. The reacq?on rates of mRFog Yith
NRGG at all concentrations of rabbit IgG and PEG are less
than 1 Net LS/min. and are not included in Table 4.18.

7.3 COMPARISON OF THE KINETICS OF Tﬂé REACTION OF RF

WITH NATIVE AND WITH AGGREGATED IgG

.

&

The time‘cufves for the first 8 minutes of the

reactions of pRF, mRFo8 and mRFmi with NHGG and with hAHGG

~

L.
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TABLE 4,18

KINETICS OF THE REACTION OF RHEUMATOID FACTOR
WITH NATIVE IgG

Native IgG : Peak Reaction Rates (Net LS/min)
Concentration
(ug/ml) PRF mRF g
NRGG NHGG NHGG
PEG (W/v) PEG (w/v) PEG (w/v)
0z 12 22 0r 1z 2% 0% 1% 22
T ., 100 <1 <1 7 - <1 1 5 - <1 3
200 <1 .1 25 T 3 21 - 1 10
400 1 6 77 3 12 \‘71 - 4 2
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 " 19 965 1 47 960 " ad 50
6000 " nd 1050 nd 37 1050 "o 33
7200 .oom " 870 " nd 825 "" o nd
A =1* 34 1050 8 56 1050 - 6 8
K, ~=200* 650 2010 500 600 2020 - 250 750

rate and V.., expresseq in Net LS/min.; Ky, expressed in ng/ml.
Approximate Vp,e and K, due to very low peak rates,” nd, not deter-
ned. .

are ig. 4.32. The curves are similar for the re-
actions of the various RF preparations with aggregated IgG,
however, differences are noted with the reaction of these

isolated rheumatoid factors with native IgG. pRF i3 the

A Y
4

{ +

-

I— RS
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FIGURE 4.32

THE REACTION OF THREE ISOLATED RF PREPARATIONS
WITH hAHGG AND WITH NHGG
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Three isoalted RF preparations (final concentrations 50 ug/ml)
were each rapidly mixed with either hAHGG (50 ug/ml; left) or
NHGG (800 ng/ml; right) and Net LS measured continuously with

a linear pen recorder. Incubation mixtures containing hAHGG i
did not contain PEG whereas mixtures containing NHGG, contain-

ed 21 PEG. (O) pRF; (W) mm-‘og; (A) wkF_, .

~
-~ ’ ~
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reactive with NHGG as evidenced by a higher peak rate (190
Net LS/min) with 800 ug of NHGG, whereas the peak rates
for mRFmi (89 Net LS/min) and mRFog (43 Net LS/min) are
much lower. It is unfortunate that the limited amount of

mRF did not allow for a more thorough examination of the

mi
reaction of this monoclonal RF with IgG.

7.4 EFFECT OF PEG ON THE KINETICS OF THE REACTION OF

RF WITH NATIVE IgG .
[ v
PEG 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 reaction
" of pRF with ﬁHGG in Tris-NaCl buffer containing 27 PEG as ’
shown in Fig. 4.33. Dilution of this reaction by the
addition of 1.0 ml Tris-NaCl buffer containing no PEG di-
minis#ed the time curve to parallel the time &durve for the
reaction between pRF and NHGG in Tris-NaCl buffer contain-

’
ing 1% PEG.
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FIGURE 4.33

THE EFFECT OF PEG ON THE KINETICS

OF THE REACTION OF pRF WITH NHGG

180 -
160 -
140 1
120 4
100 -

80 -

Time (min)

pRF (50 ug/ml) was rapidly mixed with NHGG (400
ug/ml) 1in 1.0 ml Tris-NaCl buffer, containing 2%
PEG, and Net LS determined continuously with a
linear recorder (®). At the times indicated, an
equal volume of TrisyNaCl buffer containing no
PEG (hatched lines) or Tris-NaCl buffer contain-
~ing 2% PEG (dotted lines) was added to replicate
.incubation mixtures and Net LS recorded. The ef-
fects of dilution on the pRF-NHGG reaction were
estimated by incubating pRF (25 ug/ml) with NHGG
(200 ug/ml) in Tris -NaCl buffer, containing 1%
PEG and determining Net LS (O). '

. : » . '

o
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8 ABSORPTION OF RF ACTIVITY BY IgG
8.1 ABSORPTION OF RF ACTIVITY BY AGGREGATED IgG

In an attempt to define the reactlon of RF with
aggregated IgG and with native IgG in greater detail, ab-
sorption experiments were done using heat-aggregated IgG,
which had been insolubilized to facilitate 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 agg;egates by centrifugation, was
quantitated with hARGG and with hAHGG. Table 4.19 shows

that insoluble human IgG virtually completely rgmeved pRF

' activity with either antigen, whereas insoluble rabbit IgG

removed only part of the pRF activity with the tws an;igens.
Although the decreases in pRF activity following absorption
with the insoluble rabbit IgG appeared small, the actual de-~
crease in pRF concentration was approximately 50X. 1Insoluble
human*IgG also virtually completely removed mRFog activity,
wheth;r this activity was assayed with rabbit or human aggre-
gates afte; absorption. Again, insoluble rabbit ;gG only '
partiaﬁly absorbed mRFo8 activity. The discrepancy between
the decrease in RF activity and R? concentration remaining

is explained by the activity-concentration curves for RF with

aggregated I1gG, an example of which is shown in Fig. 4.34,

~,
SR T sl 4, it
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FIGURE 4.34

ACTIVITY-CONCENTRATION CURVES
FOR THE REACTION OF pRF

WITH hARGG AND WITH hAHGG

' [} ' L L]

) 12 18 24 30
pRF Concentration (ug/ml)

-pRF at final concentrations

indicated was reacted with
hARGG (Q) and hAHGG (@) in
Tris-NaCl buffer containing
no PEG. Net LS was measured
after 60 minutes of lncuba-
tion and these values were
converted to Z Activity us-

‘ing the reaction of 30 upg/ml

of pRF with 25 ug/ml of ei-
ther antigen = 1003 Activity.

A
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TABLE 4.19

ABSORPTION OF RF-ACTIVITY BY AGGREGATED IgG

162.

NeRF NeRF Reaction % Activity Remaining
Antigen Concentrations (unabsorped RF = 100%)
(ug/ml) : :
pRF . mRF
OoR
Absorbent Ahsorbent
Antigen RF Human Rabbit Human Rabbit
hAHGG 25 30.0 0Z (<1) 917 (15) 287 (4) 88% (14)
" 50 " 2Z (nd) 962 (nd) 112 (nd) 837 (nd)
" 50 7.5 22 (<1) 76% (4) 0% (<1) 51% (2)
hARGG 25 30.0 1Z (<1) 78% (16) 52 (3) 71Z (15)
- 50 " 3% (nd) 827 (nd) 02 (nd) 67% (nd)
" 50 g 7.5 3% (<1) 67% (4) 0% (<1) 4% (K1)
7 pRF and mRF wete absorped with insocluble human or rabbit IgG. Concen-

trations in the absorption mixture were: RF, 75 or 300ug/ml; absorbent,
1 mg/ml. Following incubation, mixtures were centrifuged (90,000 x g;
30 min; 4°C) and 100 Ul of the supernatants assayed for NeRF activity.
Figures in parentheses refer to'the RF concentration (ig/ml), estimated
by standard activity-concentration curves (Fig. 4.34); nd = not deter-

mined.

M—
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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. As a result, absorption experiments were done using
native IgG as the absorbent. In these experiments R% was
incubated with native rabbit or human IgG in the presence
of 3.5%7 PEG and the subsequent precipitate removed by
centrifugation. In the absence of IgG, PpRF or mRFog was
not precipitated by PEG concentrations up to 3.57. When
incubated with either human or rabbit native IgG, pRF and
mRFo8 were removed from solution, as shown in Table 4.20.
It can be seen that this effect was dependent upon the con-
ceritration of IgG incubated with RF. These results show
there was little difference in RF activity remaining in the

supernatant wvhen RP activity was assayed with hARGG and with

-

1

hAHGG. " \

. Although native IgG incubated with RF ab-
sorbed Rr—rctivity, it was poasible that this phenomenon
wvas due to interference by native IgG with the subsequent
determination of RF-activity with aggregates. However,

M
this pos%iﬁility was minimized by assaying the. mixtures of

- RF and IgG before centrifugation to remove complexes and
i ! =

-
— s = C e s AP st b
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by analyzing the precipitated RF by resuspension. The re-

‘sults of these experiments are shown in Table 4.21. The

lack of diminished RF-activity in uncentrifuged/samples
containing RF and native IgG indicated that the concentrations
of native IgG present in these solutions were insufficient

to inteffere with tge agsay of RF-activity with aggregated

IgG (hARGG and hAHGG). In addition, RF~activity was re-
coverable in the pellets emphasizipg that RF was absorbed

by native IgG.
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TABLE 4.20

ABSORPTION OF RF-ACTIVITY BY NATIVE IgG

Isolated RF Absorbent % Activity Remaining
Concentration Concentration  (unabsorped RF = 1007)
(ug/ml) (ug/ml) hAHGG hARGG
pRF (150) NHGG (50) 987 (105) 72% (105)

" (150) 487 (45) 267 (48)
" (450) 47 (18) 27 (<10)
NRGG (150) 47 (18) 5% (15)
" (450) 3% (15) 37 (<10)
. mRF__ (150) NHGG (150)  61% (53) | 31% (50)
, ' (450) 252 (30) 147 (27)
- " (750) 4% (16) 3Z2 (<10)
NRGG_(450) 197 (27) 11Z (25)
N

¥ (750) 37 (12 17 (<10)

]
A

PRF and nRF were gbsorped with human or with rabbit na-

tive IgG in Tris-NaCl buffer containing 3.5% PEG. Con-

centrations in the absorption mixture were: RF, 150 pg/

ml; IgG, 50-750 ug/ml. Following. incubation, mixtures

-~ were centrifuged and 100 yl of the supernatants assayed

for NeRF activity. Figures 1in parentheses refer to RF

. coucentration (ug/ml), estimated by standard activity-
concentration curves.
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TABLE 4.21

ABSORPTION OF RF-ACTIVITY BY NATIVE IgG AND
RECOVERY OF RF-ACTIVITY FROM RF-IgG COMPLEXES

Absorbent Fraction % Activity Recovered
» (unabsorped RF =.100%)
hABHGG hARGG
NHGG Uncentrifuged - 1167 (150) 997 (150)
" Supernatant 22 (<10) 17 (<10)
" Pellet 927 (108) 612 (102)
NRGG Uncentrifuged 113% (150) 997 (150)
" Supernatant 0% (<10) 17 (<10)
" Pellet 997 (143) 85% (135)

pRF was absorped with human or with rabbit native IgG
in Trig~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 dctivity. TFigures in pa-
rentheses refer to RF concentration (ug/ml) , estima-
ted by activity-concentration curves.

5
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CHAPTER V

DISCUSSION

0f the three types of specificfty exhibited by
rheumatoid factors (Chapter 1I), two have been examined
here in detail: species specificity and conformacional
spetificity. Rheumatoid factors heve been shown by num-
ercus re;earchers to react with human and rabbit IgG but
not withnchfgken IgG (Butler & Vaughn, 1964; Normansell
& Stanworth, 1968; Stone, 1973). Differences in the as-
says used to analyze the reaction of RF with each of these
antigens have not allowed for exact comparisons to be made
between the reaction oé RF with human and with rabbit IgG.
It 1s, however, generally accepted that rheumatoid factors
are reactive with both human and rabbit IgG and that they
exhibit 1little or no specificity for these two antigens
(Normansell, 1972; Stewart et al, 1975). The results pre-
sented here confirm that there 13 no qualitative difference
and only small quantitative digferences in the reactivity
of RF with human and with rabbit antigens, \

The assays used here, imcluding the SCAT and LFT
assays, have¢indicated that RF r§adily reacts x@f}th either

. >
human or %E?bit, native or aggregated IgG, but not witp

\

S
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chicken IgG. Data obtained with the NeRF assay uniformly
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
assays, and employed a single methodology to study the
reaction of RF with IgG of different species. One of the
obyiou; advantages of the NeRF methodology has ;been the
opportunity to study the reaction of RF with native IgG.
In reviewing our results, data obtained with aggregated
antigens will be discussed first. This will allow com-
parisons between our results and results which have been
obtained by mést of the established RF assays, which enmn-
ploy aggregatéd, complexed or denatured IgG as antigen, N

The reaction of RF with ;ggregated IgG in the
n;phelometer is consistent with a reaction due to IgM-RF,
as evidenced by ghe close correlation between the results
of the NeRF assay and the results of the standard aggluti~
nation assays (SCAT and LFT). Further evidence for IgM
rheumatoid factor being responsible for/the NeRF reaction
was the euglobulin precipitation of RF activity{ the loss
of RF activity following reduction and alkylation, and the
similarity éf the reaction of isolated IgM-RF and of RF in
a large pogulation of sera with the NeRF antigens.

RF-gera were found to react in a qualitatively:

similar ‘mannmer with aggregated rabbit and human IgG anti-

C b e ee—a— RO e A b i e ¢ . -
. i +

B VU



2
- — e b S 4

169.

gens 1in the nephelometric rheumatold factor assay. This
similarity was most evident in the time course studies.

In these experiments, the time course of the reaction of
heat~decomplemented RF-sera was similar for two of the
aggregated rabbit IgG antigens (gARGG and hARGG). Further-
more, these reactions were indistinguishable from the re-
actions with heat-aggregated human IgG (hAHGG). No obvious
differences”were notediover the time course studied (10-
120 minutes, nor was there any difference in‘results with
regards to the concentration of antigen used.

The reaction of ,SARGG with RF-sera differed from
the time course of the reaction of the other aggregated
antigens. After 30 minutes, Net LS decreasedﬂwhen RF-
serum was reacted with sSARGG, unlike the stable Net LS ob-
tained with the other antigens. Although this fall-off in
Net LS may represent the formation of large complexes so
large as to be edited ouf of the LS computation by the
nephelomecer, it remains unexplgined. Angm.veve:', two other
types of rabbit aggregated IgG (gARéG and hARGG), whkich
were found to be more stablé and useful nepheloﬁetrically,
did not exhibit this fall-off, indicating it was a feature
of the particular aggregation method and not inherent in -
the iabbit IgG 1tself. The fall-off phenomenon and the .
instability of the spontaneous aggregates upon storaggﬂ

rendered them of very limited value in the NeRF assdy. The

\ ]
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higher concentration of sARGG required to elicit reactions

of the same Net LS as produced by gARGG or hAHGG, is ex-

¢ e

,plainable by a lower concentration of aggregates in the
SARGG. The removal of non-aggregatéd material from sARGG
by gel filtration, produced an sARGG preparation (Fraction
: .

I) which could be used at the same céncentration as the |,
other Qggregated antigens. ?dwever, Fraction I also ex-
hibited the fall-off phenomenon, like unfractionated
sARGG.' This suggests that the gall—off was not due to the
Presence of non-aggregated IgG. Other than this unexplained
fall-ocff, the reactions of SARGG with RF-serum were similar
»to those obtained: with gARGG, hARGG and hAHGG.

Neither the time course of the NeRF reaction, nor

the antigen concentrations used in the NeRF assays were

s

able to effectively identify a RF species preference. Sim~

ilarly, comparisoné between the NékF assay results obtained
v "‘_J »

with the reactions of over éSO sira with the two antigens »
failed to identify any obvious‘séecies specificity which
would have been manifested by quantitative differences in
reactivity with the different antigens used. In addition,
comparisons of these assays with the classical SCAT or LFT,
failed‘éo show any significané discfepancy in RF—reactivity’
with either human or rabbit éntigens. When one excludes

the sera which can be considered sero-negative (SCAT < 1:32;

LFf < 1:32), then there is no evidence that there is any
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preference for either rabbit or human antigen in sero-

o .

pbsitivg sera. Within the sero-negative range, however,
slfght preferences for oneo£ the other antigen may be
evident but this,ca;nbe explained in terms of the sensi-
tivity of the Various assays for detecting such slight
RF-reactivity.

o Isolated polyclonél rhgumatoid factor (ERF) also
reacted with ealh of the rabbit and human aggregated IgG
antigens in the nephélometer. This reaction, like tha£ of
RF in serum, Ehowed a time course which was siﬁilar\for the
rabbit and human aggregates and furéhermore, the same con-
centrations of each aqtigen produced similar results. ' Thus,
isolated polyclonal RF failed to exhibit any species pr?fer-
ence.

The reactions of pRF with either human or rabbit
aggregated IgG we}e indistinguishable for 10-120 minutes
incubation. In addition, the reaction of pRF w{thin the
first 10 minutes was similar when pRF was reacted with
either hARGG or hAHGG, emphasizing that the species speci-
fi;ity was the same. This was evident with peak rate Vmax
and Km measurements, and‘indicates the lack of quantitative
difference in this reaction, using hARGG and hAHGG. Both
rabbit'and human aggregated IgG absorbed pRF, but only the
human insoluble antigen completely removed pRF activity.

o~
The aggregated rabbit antigen removed only 9-337 of the RF~-
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activity, representing 507 of the pRF concengration. This
difference, however, appears to reflectJ%Pe,inefficiency
of the insoluble rabbit antigen to absorb RF rather t£an
to suggest a species specificity of pRF. This 1is shown by
the ability of rabbit native IgG to completely absorb pRF,
like the human native or aggregated I1IgG,

From these experiments, i1t was ,apparent that RF in
¥

¢ !
serum or in -purified form did not show species specificity

for rabbit or\human IgG which had been aggreg;ted. How~-
ever, it gid show 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 1is appafent that the antigens used in these assays
have been aggreéated (eg. nephelometric or precipitation
assays); complexed (eg. SRBC-;nci—SRBC antibodies of the
SCAT); or denatured by immobilization or labelling (eg.
LFT or other solid phase assays). These methods, there-
fore, have inlcommo; th;‘use of non-native IgG as antigen
(Maiolini et al., 1978; Gripenberg et al., 1975). Re~
viewing Table 2.2”showp that rabbit and human IgG are
widely employed as antigens in these assays{ emphaéizing
that RF can react yith elither antigen. However, direct

comparisons of RF reactivity with rabbit and human antigens
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are few. Bartfeld (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, complexed or denatured antigens. Only
Stankaitiene and co-workers used the same methodology to
compare the reactions of RF with rabbit IgG and with hu-
man IgG, and failed to demonstrate any differences in rﬁac—
tivity. Our results, using a single metho@ology, as well
as SCAT and LFT assays, have also shown tﬂere is no apparent
RF specificity for rabbit or human IgG which has been
aggregated, complexed or denatured.

 One of the advantages of the NeRF methodology has
been its use tosshow that RF reacts with native IgG. In
the pagt, the analysis of the reaction of RF with native
IgG has been coﬁfined to ultracentzlfugation (Christian,
1959; Normansell, 1970; 1971) and equilibrium binding
methods (Normansell, 1971; Dissapayake et al., 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 directly and to compare the reactions
of RF with rabbit and human native IgG as well as with
aggregated antigens. a ‘\

The first consideration in discussing the reaction
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between RF and native IgG is to establish that native IgG
preparations are truly "native'". Although it 1is probably
not possible to definitely demonstrate that a preparation
of native IgG 1s totally native, the '"nativeness" of IgG
used here can be inferred from some of our data. One of
the most importgnt observations in this regard was the
reaction of Clq with aggregated IgG an% its nmon-reactivity
with native IgG. Like other Clg bindiné assays (Zubler

et al., 1976), Clq in the nephelometer was capable of
detecting as lgttle as 3 ug/ml of aggregated IgG. Thus,
the native prepérations used here gad to contain less than
3 ug/ml of aggregated IgG, since Clg failed to react with
them. The NeRF reaction of pRF with native IgG (800 ug/ml)

was equivalent to the reaction elicited by 50 ug/ml of

aggregated IgG, which contained >997 aggregated IgG (Results

1.1.1). As a result, the reaction of RF with native IgG
cannot be attributed to aggregated IgG present/in the .
native IgG ﬁreparat;ons.

» There are additional dafa to support the "native-
negss" of our native IgG: gel filtratiom which showed that
the natifve IgG eluted as a single symmetrical peak of ab-
sorbancy; ultracentrifugatioﬂ (90,000 x g; 75 min) which
reﬁoved insoluble materials; and filtration through 0.22

um filters. The effects of polyethylene glycol (PEG) on

the reaction of RF with native IgéG alsy suggested that non-

v

~
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native‘IgG was absent from our native IgG "preparation.
Increasing concentration; of PEG enhanced the reaction of
RF with native IgG whereas PEG concentrations in excess of
17 diminished the reaction of RF with aggregated IgG.
Finally in an attempt to avoid,potential denaturation of
IgGaassociated with isolation procedures, pRF was added to
serum. The reaction of pRF when added to normal serum
and the smaller reaction when added to agammaglobulinemic
serum were quantitatively similar to the results obtained
with 1solatﬁd native IggG. The;e results again suggest RF
reacts wiéhrIgG which 1is native.

In 17 and 27 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
minutes of incubation. Antigen concentrations from 100-
800 ug/ml failed to reveal any differences in reactibity.
Kinetic analysis also»showed that the peak ﬁate, Vmax and
Km were remarkably sigilar for rabbit and human antigens.
Furthermore, the effects of different concentrations of
PEG also support the conclusion that pRF reacts similarly
with rabbit and human native IgG. In the absence of PEG,
the reaction of pRF with NRGG was much less than the pRF
reaction with'NHGG (Results, Table 4.14). This was re-

" flected in lower peak rate, vmax and Km values. The lower

vmax of the reaction of pRF with NRGG, which 1s accelerated
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by the addition of PEG to reaction mixfures, would account

for the decreased reactivity of pRF with NRGG, when the.
assay 1is read at a fixed time interval (eg. 30 -min). |

PEG exerts profound effects upon the reaction of
RF with IgG, in that it accelerates the rate of reaction
‘and increases the Net LS of the reaction of RF with a
glven concentration of antigen. The mechanism whereby
effects occur is unknownﬁdespite its widespread use 1in a
variety of immunologiéal assays. It is Lnlikely that PEG
enhances the RF-IgG reaction by aggregating the IgG anti-
gen, since the LS -of native IgG alone 4s not increased by
PEG ip contrast to aggregated IgG. Alsé, at high concent-
rations of PEG, the Net LS of RF-aggregated IgG reactions
is diminished unlike with RF-native IgG reactionslwhich
are enhanced. Furthermore, the PEG effect 1is reversible
and does not alter the subsequent reactionm of RF with IgG
(Results, Fig. 4.33). The well recognL;;d enhancement‘of
antigen~antibody reactions, which do not involve denatura-
tion or aggregation of antigen, also suggests PEG has an
effect on the RF-IgG”r;action which is not due to the de-
naturation or aggregation of IgG.

Monoclonal rheumatoid factor (mRFog) reacts with
both rabbit and human native IgG but the reaction with rab-

bit is extremely small when compared with the mRFog-human

IgG reaction or the pRF-native IgG reactions, Aggregation
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of IgG increased the reactions of both rabbit and human-
antigens, making the quantitation of the mRFog—rabbit Ig6G

=

reactibnwpossiﬁle. Thus, one observes a great difference
in reactivity between rabbit and hu;an IgG with this mono-
c}onal prgtein. However, mRFog st111l exhibited weak reac-
tivity with the rabbit antigen, presumably reflecting 1low
affinity for this antigen. This has been found with other
monoclonal IgM-RF preparations- (Stone, 1973) and also for

mRFOg by an ELISA RF assay (Karsh, 1981).

W

The aggregated IgG used here was a large, poly-
Qisperse macromolecular complex in contrast to the uni-
form native IgG. Aléhough the absolute differences in
light scattering between the reactions of RF with aggre-
gated and with native IgG could be due to differénces in
antigen size, the similar reactivity of aggregated IgG with
two preparations of monoclonal 'RF (mRF08 and mRFmi) and
with polyclonal RF makes poi;ible comparisons indépendeng
of antigenic sizé. Each of fhese rheumatoid factors reac-
ted differently with native IgG, indicating there-had to be
' a_change in reactivity by at least two of these RF prepar-
ations to. produce similar agg;egate reactions (Fig. 4.32),.
It is not posqule to conclude 1f this change in reactiviéy
~was duehto: 1. a change in the affinity of rﬁeumatoid

factors for aggregated IgG; 2. multivalency; or 3. un-

masking of néwiantigenic sites. However, it is unlikely
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that unmasking of antigenic sites accounts for these B
changes, since monoclonal RF (mRFog) was completely absorb-
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 rea;tioﬁ of RF
with IgG, by the relationship of tﬁese kinetic measurements
to measurements fo RF affinity remains to be eldcidated.
The use of a monodisperse preparation of_immu%e complexes
(prepared in antigen excess) would avoid the problems in-
'herent in the polydisperse aggregates, and could provide a
reagent whereby such measurements might be made, In add-
ition, 1t would then be possib%e to confirm that a change
in reactivity of RF with aggregated IgG was due to multi-
valency, a.view favored by most investigators (Normansell,
1971; Eisenberg, 1976; Dissanayake et al., 1977; Hunneyball
and "Stanworth, 1979).
Laser nephelometr& has beer own to be useful for
the assay of numerous serum proteingkjjj¥§&4ng RF. Our

results 1indicate that the nephelometric RF assay 1is a

v

&
valid and versatile assay. In analyzing the nephelometric

reaction of RF with IgG, several methods, in addition to
the NeRF assay, have been developed. These include:

1. New methods for the aggregation of rabbit Igd,
# /,/‘

using glutaraldehyde and heating;

o
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2. An assay for the reaction of RF with native
* IgG with its obvious advantages in being a
fluid-phase reaction;

3. Techniques for the kinetic analysis of RF with
aggregated and native IgG, which is a model
system for other immune reacgions;

4. The feasibility of nephelometrically a;sayiné
immune complexes by thelr capacity to bind‘Clq;

5. A method for absorbing RF with native IggG,
providing a simple and gentle method of iso-
latiné RF which does not require harsh treat-
ment to recover the RF from the immunosorbent;

6. A simple but useful method for delipidating
biological fluids by Freon-MF treatment.

In addition to these methodological developments
our work has defined the reaction of RF with IgG, showing
that human rheumatoid factor reacts with native IgG as well
as with aggregated IgG. Differences in the reaction of RF
witﬁ human and rabbit IgG could not be deﬁonstrated, des-
pit; extensive nepheloyetric analygis which included kin-
etics,-different methods of antigen preparation, and the
-survey of over 250 sera. AlthoughAagnggated IgG 1s the
reference antigen in most RF assays, results here show

that native IgG 1s also an antigen for RF, RF reacted with

native IgG either isolated or in serum. L This fluid~-phase

-
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reaction exhibited biological aétivity; demonstrated by the

binding of Clq to RF~IgG complexes. Furthermore, both

rabbit and human native IgG were able to absorb RF, empha-

sizing the lack of speéies specificity exhibited by human
b .
rheumatoid factor.

——
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