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Reaction of rheumatoid factors with IgG3 monoclonal
anti-Rh(D) antibodies: more frequent reactivity
to a monoclonal antibody of the Gm allotype G3m(5)
in rheumatoid patients negative for G3m(5)
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SUMMARY Human monoclonal anti-Rh(D) antibodies of known IgG isotype and Gm allotype
were bound to erythrocytes and then used as the target IgG antigens for rheumatoid factors
(RFs) in a direct haemagglutination test. When serum samples from patients with rheumatoid
arthritis (RA) were tested for RF specificity towards these IgG monoclonal anti-D antibodies the
incidence and titre of reactivity towards an IgG3 monoclonal anti-D antibody was considerably
greater than for a polyclonal anti-D antibody of the same Gm allotype, G3m(5). This difference
was not explained by the amount of each anti-D antibody which bound to erythrocytes.
Furthermore, when patients with RA were divided into groups according to their Gm phenotype,
sera from a greater proportion of patients negative for the phenotype G3m(5) reacted to the
G3m(5) monoclonal anti-D antibodies than sera from those patients positive for this allotype.
Analysis of RF reactivities towards two IgG3 and three IgGl monoclonal anti-D antibodies, each
with different Gm allotypic epitopes, indicated, however, that individual serum samples
contained RFs with a spectrum of specificities; some sera appeared to react to a single set of Gm
alleles, whereas others also reacted to isotypic or iso-allotypic epitopes, or both. Our data suggest
that RFs with specificity for Gm allotypes do not arise in patients who carry that particular
allotype owing to tolerance induced in fetal-neonatal life. Conversely, RFs with apparent
specificity for a Gm allotype formed in patients negative for that allotype may be reacting to a
closely related but different epitope. Final proof requires precise specificities for each RF
formed, and IgG3 monoclonal anti-D antibodies would be useful reagents for this purpose.
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Rheumatoid factors (RFs) are the characteristic region of autologous IgG, which includes isotypic
autoantibodies in rheumatoid arthritis (RA). They and Gm allotypic epitopes, has been under invest-
can be detected early in the disease,' 2 they are igation for several decades. For example, in 1960
implicated in the chronic pathogenesis of rheumatoid Harboe showed that RFs to polyclonal IgG3 anti-D
synovitis,3 and their specificity may be related to antibodies are rare both in patients with RA and in
putative triggers of the disease process.4 normal individuals.5 In 1970 Grubb summarised the
The specificity of RFs for epitopes on the Fc published work on RF specificity for Gm allotypes,

which also related this RF specificity to the Gm
Acceptedforpublication13 April 1988. status of the donor.6 From the few individualsAccepted for publication 13 April 1988.

Correspondence to Dr Valerie E Jones, Postgraduate Medical studied, both Grubb and Harboe noted that anti-
School, Barrack Road, Exeter, Devon EX2 5DW, UK. Gm allotype donors, whether they were rheumatoid
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patients or normal individuals, were frequently
negative for that allotype.

Recently we have developed an assay for deter-
mination of RF specificities, in which monoclonal
IgG anti-Rh(D) antibodies of known subclass and
Gm allotype are used as antigens for RF in the direct
haemagglutination test.7 With this assay system we
showed first, that the incidence of reactivity in
rheumatoid sera to an IgG3 monoclonal anti-D
antibody of G3m(21) allotype is far greater than the
reactivity to a polyclonal anti-D antibody of the
same subclass and allotype. Secondly, and again
using unseparated polyclonal RA sera, we found
that the incidence of RFs reactive to monoclonal
antibodies of the G3m(21) allotype was significantly
greater in patients with RA negative for G3m(21)
than in patients positive for this allotype.7 We report
here that the converse also applies. We find that the
incidence of RFs reactive to an IgG3 monoclonal
anti-D antibody of the opposite allele, namely
G3m(5), is significantly greater in sera from patients
with RA negative for G3m(5) than in patients
positive for G3m(5).

Materials and methods

MONOCLONAL ANTI-Rh(D) ANTIBODIES
The two G3m(5) monoclonal anti-D antibodies
(FOG3 and GAD2) were produced using hetero-
hybridomas.8 The four monoclonal anti-D antibodies
-namely, CB6 (G3m(21)), AB5 (Glm(1,17)),
IA3 (Glm(3)), and H27 (Glm(1,2,17))-were
produced by Epstein-Barr virus transformed
B lymphoblastic cell lines.9 9a

POLYCLONAL ANTI-Rh(D) SERA
Two human sera ('b' and 'g') containing either
G3m(5) or G3m(21) anti-D antibodies respectively
were purchased from the Central Laboratory of the
Netherlands, Amsterdam, as allotyping reagents for
these two Gm allotypes. We were unable to
demonstrate IgGl or IgG2 anti-D antibodies
(unpublished data) or IgG3 anti-D antibodies with
the opposite allele (Table 1), but it is not known
whether IgM, IgA, or IgG4 anti-D antibodies or
antibodies of other specificities were present.

Gm ALLOTYPING
Serum samples from 107 patients with definite or
classical RA (77 female, 78 seropositive for RF)
were Gm allotyped with reagents purchased from
the Central Laboratory of the Netherlands by the
method described by Van Loghem.10 Sera which
reacted strongly with antibody coated erythrocytes
were separated by gel filtration, and the IgG
fraction was typed.

REACTIVITY TO MONOCLONAL ANTI-D
ANTIBODIES
Monoclonal anti-D supernatants were used similarly
to polyclonal anti-D sera to coat erythrocytes.
Briefly, group 0 R2R2 cells were stored in liquid
nitrogen. After thawing and extensive washing 25 [tl
of packed erythrocytes was incubated at 37°C for
75 minutes with 100 [tl of monoclonal anti-D
supematant (unless stated otherwise in the text)
together with saline to a final volume of 225 jil.
After further washing monoclonal and polyclonal
antibody coated erythrocytes were stored in
Alsever's solution at 4°C for up to 10 and four days
respectively. (After eight days at least 75% of
monoclonal IgG and 60% of polyclonal IgG was still
bound to the erythrocyte membrane.) Reactivity of
sera to coated erythrocytes was measured in V well
microtitre plates using 20 tl of serum dilutions, 20 [tl
of approximately 0-1% coated erythrocyte suspen-
sions, and 20 itl of PFT (PBS(phosphate buffered
saline)+5% fetal calf serum+0*05% Tween 20).
Agglutination was read after incubation at room
temperature for 30 minutes and at 4°C overnight.
Unsensitised erythrocytes were included in all assays
and were frequently agglutinated by low dilutions of
sera. Therefore agglutination of coated erythrocytes
was only considered positive at dilutions of 1:20 or
greater.

MEASUREMENT OF IgG BOUND TO
ERYTH ROCYTES
Numbers of IgG molecules in monoclonal and
polyclonal anti-D preparations which bound to
erythrocytes were estimated by radioimmuno-
assay.1 12 Briefly, R2R2 erythrocytes were coated
with various amounts of monoclonal and polyclonal
anti-D preparations as listed in Table 1, using the
coating procedure described above. Coated erythro-
cyte suspensions were made 10% v/v; then 0-1 ml of
the suspensions was mixed with 0 1 ml of 1251 anti-
IgG, and incubated for 30 minutes at 37°C. The
1 5I labelled sheep antihuman IgG was used at a
concentration of 20 [ig/ml, at which 90% of the
maximum binding of antibody to IgG is achieved."1
The antibody was affinity purified on a Sepharose-
IgG column before iodination. The original washing
procedure was modified in that after incubation and
one wash in PBS the cell suspension was layered
over a mixture of four parts dibutyl phthalate: one
part dinonyl-n-butyl phthalate and briefly centri-
fuged, causing sedimentation of the cells through
the oil.12 The tubes were then frozen and the tip
containing the cell button cut off and counted. The
number of IgG molecules per cell was calculated
from the amount of anti-IgG bound (derived from
the specific radioactivity of the labelled material),
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900 Puttick, Williamson, Merry, Kumpel, Thompson, Jones

the cell count, and Avogadro's number. The bindin
ratio of seven anti-IgG molecules per IgGmoleculeO
was used in all calculations, with the assumption that
the same ratio applied to polyclonal and monoclonal
IgG. This seems justified as saturation of available
D antigen sites with polyclonal and monoclonal
anti-D antibodies gives the same amount of anti-IgG
bound using this ratio. The value should be taken as

approximate, however, as there is probably some

variation in the binding characteristics of the anti-
IgG to monoclonal and polyclonal IgG antibodies.

RF MEASURED BY LATEX AGGLUTINATION
The RapiTex-RF kit (Behringwerke) was used to
measure RF seropositivity for IgG coated latex
particles.

STATISTICAL ANALYSIS

X2 Tests were carried out with Yates's correction.
For corrrelation coefficients (r) Student's t test was
applied to estimate probability (p).

Gm NOMENCLATURE
Where reference is made to Gm phenotype, the IgG
subclass of each Gm allotype has been omitted.
Thus Glm(1,17); G3m(21) is expressed as Gml,17;
21. Where patients are homozygous for Glm(1,17);
G3m(21) they were incorporated with those homo-
zygous for Glm(1,2,17); G3m(21) and they are all
designated Gml(2)17; 21.
The G3m(5) and G3m(21) polyclonal anti-D sera

are also called 'b' and 'g' respectively, after the
recommended alternative numerical and alphameric

notations for immunoglobulin allotypes: 1=a, 2=x,
3=f, 5=bl, 11=b0, 13=b3, 17=z, 21=g.

Results

COMPARISON OF REACTIVITY TO

MONOCLONAL AND POLYCLONAL ANTI-D

ANTIBODIES
A single serum sample from each of 107 patients
with RA was tested against two G3m(5) monoclonal
anti-D antibodies (FOG3 and GAD2) and a G3m(5)
polyclonal anti-D serum. Serum from 31, 23, and
seven patients agglutinated erythrocytes coated with
FOG3, GAD2, and the polyclonal anti-D serum

respectively. Thus the incidence of sera reacting
with the monoclonal anti-D antibodies FOG3 and
GAD2 was significantly greater than the number
reacting with polyclonal anti-D serum (p<0001 and
<0-01 for FOG3 and GAD2 respectively).

AMOUNT OF MONOCLONAL AND POLYCLONAL
ANTI-D BOUND TO ERYTHROCYTES
To explain the low incidence of RF reactivity to
polyclonal anti-D serum compared with monoclonal
anti-D the number of IgG molecules in each anti-D
preparation which bound to erythrocytes was

estimated by a radioimmunoassay. Results in Table 1
show that the low incidence of rheumatoid sera

reactive with polyclonal anti-D serum cannot be
explained by a low number of polyclonal IgG
molecules bound to erythrocytes. Indeed, almost
twice as many IgG molecules in the polyclonal
G3m(5) anti-D serum bound compared with mono-

Table 1 Comparison ofamount ofIgG in monoclonal andpolyclonal anti-D preparations which bound to R2R2
erythrocytes

Anti-D reagent Volume used Molecules IgG Reciprocal agglutination titre of
to coat R2R2 bound per anti-allotyping sera specific for:
cells (p4) erythrocyte

G3m(5) G3m(11) G3m(13) G3m(21)

Monoclonal G3m(5) FOG3 100 14100 128 2048 64 8
50 6 900 64 512 32 NT
10 1 800 4 32 2 NT

Monoclonal G3m(5) GAD2 100 10 400 64 256 64 2
50 8 900 32 128 32 NT
10 1 900 4 32 4 NT

Polyclonal G3m(5) 'b' 200 23 100 16 128 32 <2
100 19 100 16 64 16 NT

Monoclonal G3m(21) CB6 100 10 900; 11 770* <2 NT NT 400
50 5 300 <2 NT NT 200
10 1 600 <2 NT NT 80

Monoclonal G3m(21) 6D10 100 11 000; 12 910* <2 NT NT 400
50 5 800 <2 NT NT 200
10 1 600 <2 NT NT 80

Polyclonal G3m(21) 'g' 100 6 570 <2 NT NT 40

*Repeat value obtained in a separate experiment.
NT=not tested.
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clonal G3m(5) IgG molecules, but titres of all three
anti-allotyping sera-namely, anti-G3m(5), anti-
G3m(11), and anti-G3m(13)-were considerably
higher against the monoclonal anti-D antibody
coated cells. The amount of IgG in the G3m(21)
polyclonal serum which bound was less than in the
G3m(5) polyclonal serum. When a comparison was
made between cells coated with approximately 6000
molecules of polyclonal or monoclonal G3m(21)
IgG per erythrocyte, however, titres of the anti-
G3m(21) allotyping serum were fivefold greater
against cells coated with monoclonal anti-D antibody.

RELATION OF RF REACTIVITIES TO PATIENTS'
Gm PHENOTYPES
In an attempt to explain why only 31 (29%) of 107

>1/2560

homozygous
Gm 1(2J17; 21

homozygous
Gm 3;5

*0
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RA patients formed RFs which reacted with G3m(5)
monoclonal anti-D and no more than seven (6.5%)
reacted with G3m(5) polyclonal anti-D, RF react-
ivities were analysed in terms of the Gm phenotype
of each patient. Patients were divided into three
groups: (a) those homozygous for Gml(2)17; 21; (b)
those homozygous for Gm3; 5; and (c) heterozygous
patients expressing the phenotype Gml(2)17,3;
21,5. Fig. 1 shows the agglutination titres of sera
from each category of patient against erythrocytes
coated with G3m(5) monoclonal anti-D FOG3 and
the G3m(5) polyclonal anti-D antibody. More sera
reacted and titres were higher in sera from patients
who do not carry the G3m(5) allele-namely, those
patients homozygous for Gml(2)17; 21. Table 2
provides a further analysis, in terms of the number

heterozygous
Gm 1(2)17,3;21,5

0

@0 0 e

@00~ ~ ~ ~ ~ 0

. ii mw
FOG3 pocloGr FOG3 Ds

G3m(5) anti-Ds

Fig. 1 Comparison of
agglutination titres in rheumatoid
sera reacting to polyclonal and to
monoclonal G3m(5) anti-D coated
erythrocytes. One hundred and
seven patients with RA were
divided into three groups: (a) those
homozygous for GmJ (2)17; 21;
(b) those homozygous for Gm3; 5
and (c) heterozygous patients, and
their sera were titrated against
monoclonal anti-D antibodies
(FOG3) and polyclonal anti-D
antibodies, both ofthe G3m(5)
allotype. Bar=mean titre.

FOG3 poycloml

Table 2 Comparison ofRFreactivity to G3m(5) and G3m(21) anti-D reagents in patients with RA homozygous or
heterozygous for Gm haplotypes

Gm phenotype of No of No (%) ofpatients with RA with reactivity to:
patients with RA patients

Monoclonal G3m(5) Monoclonal G3m(21) Polyclonal b Polyclonal g IgG
(G3m(5)) (G3m(21)) coated

FOG3 GAD2 CB6 6D10 latex

(a) Homozygous
Gml(2)17; 21 31 17 (55) 14 (45) 13 (42) 12 (39) 6 (19) 0 23 (74)

(b) Homozygous Gm3; 5 43 11 (26) 8 (19) 27 (63) 26 (60) 1 (2) 5 (12) 32 (74)
(c) Heterozygous

Gml(2)17,3; 21,5 33 3 (9) 1 (3) 4 (12) 4 (12) 0 0 23 (70)

p value from x2:
a v b <0.05 NS <0-05 NS
a v c <0-001 <0-02 <0-05 NS
b v c NS <0.001 <0-01 NS NS

1/128C so
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902 Puttick, Williamson, Merry, Kumpel, Thompson, Jones

of patients in each category whose sera reacted to
the G3m(5) and G3m(21) monoclonal and polyclonal
anti-D reagents. Analysis confirmed that a signifi-
cantly greater number of patients homozygous for
Gml(2)17; 21-that is, without the G3m(5) allele-
reacted to G3m(5) monoclonal anti-D antibodies
than patients who expressed this allele. Conversely,
a significantly greater number of patients homo-
zygous for Gm3; 5, and therefore without the
G3m(21) allele, reacted to G3m(21) monoclonal
anti-D antibodies than the heterozygous patients
and those homozygous for Gml(2)17; 21. The
tendency was the same for reactivity to the two
polyclonal anti-D sera, but the number of patients
reacting to these polyclonal reagents was too few for
strong statistical significance. There was no influence
of Gm phenotype on RF seropositivity as measured
by agglutination ofIgG coated latex particles; approx-
imately 70% of patients in each category were
seropositive. An unexpected result was seen in the
group of patients carrying the heterozygous Gm
phenotype, where only a very small number reacted
to either of the four monoclonal anti-D antibodies
and none reacted to the polyclonal anti-D sera.

RELATION OF RFs REACTING TO G3m(5)
AND G3m(21) MONOCLONAL ANTI-D
ANTIBODIES
The specificity of most RFs reacting to G3m(5)

monoclonal anti-D antibodies might be directed
towards subclass specific epitopes on IgG3.
Comparison of reactivities of 54 of the 107 RA sera,
which reacted to one or more of the two G3m(5) and
a G3m(21) monoclonal anti-D antibody, suggests,
however, that RFs in many sera were indeed
directed towards G3m(5) allelic epitopes. The
correlation coefficient for reactivity to both G3m(5)
anti-D antibodies (FOG3 and GAD2) was high
(r=0*88, p<0-001), whereas correlation of reactivity
between the G3m(5) (FOG3) and the G3m(21)
(CB6) monoclonal anti-D antibodies was very low
(r=0-11, p>0O1). When reactivities in sera from 30
patients with RA homozygous for Gml(2)17; 21
were compared in the same way the correlation
coefficients also indicated that RFs in some sera had
specificity for G3m(5) and related alleles (Fig. 2).

LACK OF 'HIDDEN' IgM RF REACTIVE WITH
G3m(5) MONOCLONAL ANTI-D ANTIBODIES
A few sera from patients with each Gm phenotype
were separated into their IgM and IgG components
by geffiltration on S 300 Sephacryl at acid pH,7 to test
for hidden IgM RF reactive with G3m(5) mono-
clonal anti-D antibodies. The IgM fractions of sera
from only four of 20 Gm heterozygous patients and
only two of 16 patients homozygous for Gm3; 5
showed a small (two- to fourfold) increase in agglu-
tination titre against G3m(5) anti-D (FOG3)
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Fig. 2 Correlation between reactivities to (a) two G3m(5) monoclonal anti-D antibodies (FOG3 and GAD2) and (b) one
G3m(5) and one G3m(21) monoclonal anti-D (FOG3 and CB6 respectively) in serafrom 30 patients with RA homozygous
for Gml (2)17; 21. Reactivities are given as agglutination titres.
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coated erythrocytes compared with the unseparated
serum. There was no increase in agglutination titres
against FOG3 coated erythrocytes in IgM prepara-
tions from four patients homozygous for Gml(2)17;
21. We conclude from these results that RF reactivity
to G3m(5) monoclonal anti-D antibodies, in patients
expressing the G3m(5) allele, is not normally hidden
in an immune complex with the patients' own IgG3.
Similarly, we found no evidence of hidden IgM RF
reactive with G3m(21) monoclonal antibodies in 42
sera investigated in our previous study.7
COMPARISON OF RF REACTIVITIES TO IgGl
AND IgG3 MONOCLONAL ANTI-D

ANTIBODIES
Analysis of patients' sera in terms of the number of
patients who reacted to G3m(5), G3m(21), or both
monoclonal anti-D antibodies and those who also
reacted to IgGl monoclonal anti-D antibodies
illustrates the spectrum of reactivities found in many
patients' sera (Table 3). Sera were tested against
three IgGl monoclonal anti-D antibodies-namely,
AB5 (Glm(1,17)), IA3 (Glm(3)), and H27
(Glm(1,2,17)). Because reactivities were as random
for IgGl as for IgG3 monoclonal anti-D antibodies
the IgGl results were pooled. Unexpectedly, of the
nine sera which reacted to the Glm(1,2 17) anti-D
antibody (H27), only three also reacted to the
Glm(1,17) anti-D antibody (AB5). Table 3 shows
that a proportion of patients formed RFs which
agglutinated IgG on latex coated particles but which
did not react to IgGl and IgG3 monoclonal anti-D
antibodies. This was most striking in patients who
were Gm heterozygous. Until monoclonal anti-D
antibodies of IgG2 and IgG4 isotypes are available,
however, we cannot conclude that these patients
lack reactivity for all isotypic and Gm allelic
epitopes.

Despite evidence presented above, which indicates

Rheumatoid factor specificity for Gm allotypes 903

that patients do not produce RFs to Gm epitopes on
autologous IgG3, the results in Table 3 suggest that
there are some exceptions. Two of the 31 patients
homozygous for Gml(2)17; 21 reacted only to
G3m(21) monoclonal anti-D antibodies, one of the
43 patients homozygous for Gm3; 5 reacted only
to the G3m(5) monoclonal anti-D antibodies, and
five of the 33 Gm heterozygous patients reacted
either to G3m(5) or to G3m(21) monoclonal anti-D
antibodies. Nevertheless, most sera from homo-
zygous patients reacted with monoclonal anti-D
antibodies of the opposite allele.

Discussion

This study extends and corroborates our results with
the IgG3 Gm allele G3m(21),7 but here we have
examined the opposite allele(s), G3m(5). Our
previous study showed that in sera from patients
with RA the incidence of RFs with reactivity to
monoclonal anti-D antibodies of the G3m(21)
allotype was far greater than to polyclonal anti-D
antibodies of the same allotype. We now report that
the incidence of RFs reacting to monoclonal anti-D
antibodies of the G3m(5) allotype is also greater
than to G3m(5) polyclonal anti-D antibodies.
Furthermore, in both studies the IgG3 Gm pheno-
type of the patient influences the patient's RF
response to IgG3 epitopes. RF reactivity to mono-
clonal anti-D antibodies of the G3m(21) allotype
was more frequent in patients negative for G3m(21),7
and, conversely, reactivity to monoclonal anti-D
antibodies of the opposite allele(s), the G3m(5)
allotype, is more frequent in patients negative for
G3m(5).
The considerably lower number of rheumatoid

sera which reacted with polyclonal anti-D antibodies
than with monoclonal anti-D antibodies cannot be
explained by insufficient polyclonal anti-D antibody

Table 3 Comparison ofRFreactivities to various IgGI and IgG3 monoclonal anti-D antibodies

Gm phenotype of No of No (%) of patients with RA with reactvity to monoclonal anti-D antibodies: No reactivity
patients with RA patients

G3m(5) G3m(21) G3m(5) G3m(5) G3m(21) G3m(5) IgGi IgG IgG
alone alone + + + + alone latex latex

G3m(21) IgG1* IgGi G3m(21) -ve +ve
+
IgGi

Homozygous
Gml(2)17; 21 31 4 (13) 2 (6) 5 (16) 3 (10) 1 (3) 5 (16) 1 (3) 5 (16) 5 (16)

Homozygous Gm3; 5 43 1 (2) 10 (23) 5 (12) 0 7 (16) 5 (12) 5 (12) 6 (14) 4 (9)
Heterozygous
Gml(2)17,3; 21,5 33 1 (3) 4 (12) 0 2 (6) 0 0 4 (12) 6 (18) 16 (48)

Total 107 6 16 10 5 8 10 10 17 25

*Reactivity to IgGl denotes reactivity to one or more of the foliowing monoclonal anti-D antibodies: AB5 (Glm(1,17)), IA3 (Glm(3)),
and H27 (Glm(1,2,17)).
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bound to erythrocytes. Indeed the concentration of
G3m(5) polyclonal anti-D antibody ('b') used
routinely (100 RI) almost reached saturation of the
availableD antigen sites, and twice this concentration
only gave a small increase in the number of IgG
molecules bound. The number and arrangement of
Gm epitopes displayed may explain the difference.
It is generally accepted that the Rh(D) peptide only
allows monovalent binding of antibody. Thus both
monoclonal and polyclonal antibodies should bind
in a ratio of 1:1 with antigen and display their Gm
epitopes in an identical fashion. Other antibodies
in the polyclonal anti-D sera might mask some of the
Gm epitopes displayed by polyclonal anti-D anti-
bodies on the erythrocyte membrane, however, and
prevent RFs from binding to the coated erythrocytes.
At present we cannot exclude the possibility that

there are RFs which are directed towards the Gm
allelic epitopes in all patients with reactivity to IgG3
monoclonal anti-D antibodies. In the few patients
with reactivity solely to two monoclonal anti-D
antibodies of the same allotype the reactivity is
probably specific for this Gm allele. But most
patients reacted either to IgG3 monoclonal anti-D
antibodies of one allotype or to the monoclonal
anti-D antibodies of both G3m allotypes and/or with
one or more IgGl monoclonal anti-D antibodies
(Table 3). Until recently attention has largely
focused on common autoantigenic epitopes for IgM
RF, such as 'Ga'13 located within the Fc region of
IgGl, 2, and 4, and on the presence of cross reactive
idiotypes on monoclonal and polyclonal RFs.14 15
When the amount of RF with cross reactive idiotype
was evaluated as a proportion of total polyclonal RF
in individual patients with RA, however, it was
found to represent a small fraction (<5%) of the
total polyclonal RF idiotype population. 16 From this
result the conclusion was drawn that an individual's
repertoire of RF is mostly private, quite diverse, and
unique to that individual, 6 and our results endorse
this view (Table 3). In our previous study we
attempted to identify RFs with specificity for G3m
alleles by inhibition with IgG paraproteins of known
isotype and allotype.7 Although inhibition studies
lent support to our tentative conclusions, other
experimental approaches are needed to confirm our
findings, such as measurement of RF reactivities to
IgG2 and IgG4 as well as to IgGl and IgG3
epitopes, isolation from polyclonal sera of RF with
specificity for single allelic epitopes, and establish-
ment of cell lines producing RFs with these speci-
ficities.

Until exact specificities can be determined our
conclusions on the role of a patient's Gm phenotype
in determination of RF specificity for a particular
Gm allele can only be tentative. We concluded in

our previous publication that immune tolerance
must prevent the appearance of clones producing
antibodies to a particular G3m allelic epitope in
patients who express that allele.7 This conclusion
was drawn by analogy with polyclonal antiblood
group A and B antibodies in normal individuals
where tolerance prevents the production of natural
antibodies to the B antigen in individuals with B or
AB blood type, though these individuals form
antibodies to Galal->3 Gal, a similar but non-
fucosylated epitope.'7 Unexpectedly we found that
considerably fewer heterozygous patients than
homozygous patients reacted to a particular mono-
clonal anti-D antibody (Table 2). The reverse had
been expected, that patients homozygous for G3m(5)
would be more effectively tolerant than the hetero-
zygous patients and therefore that fewer homozygous
patients would react to G3m(5) monoclonal anti-D
antibodies. When other reactivities were considered
(Table 3), however, we concluded that heterozygous
patients, who express a wider range of Gm allelic
epitopes, must be tolerant to more of the complex
range of RF specificities involved.
We are unable to explain satisfactorily the converse

situation-namely, the apparent RF response to Gm
epitopes in patients who do not carry that allele. We
have already suggested transplacental or neonatal
sensitisation as one of several possible explanations.7
An alternative might be somatic mutation of
rearranged germline variable region immunoglobulin
genes. It has been proposed that autoantibodies may
arise by somatic mutation of germline genes which
originally encoded antibodies that recognised foreign
antigens.18 Indeed evidence in mice has shown that
a somatic mutant of a mouse myeloma cell line
results in the production of immunoglobulin which
has changed by a single amino acid with a consequent
change of antibody specificity from antiphospho-
choline (an antibacterial specificity) to an autoanti-
body with reactivity to double stranded DNA and
cardiolipin.19 Because each antigenic region of a
protein consists of multiple overlapping epitopes,20
however, exact specificities of the relevant RFs are
needed before we can select an interpretation of our
findings.
Although IgG3 does not carry the 'Ga' or 'general'

antigenic region for RFs, several studies have
focused on this subclass as a target for RF specifici-
ties which may be relevant to the disease process in
RA. Our results show that RFs which react with
IgG3 epitopes are not as rare as was commonly
believed from earlier studies with polyclonal anti-D
sera.5 Indeed sera from about 50% of our patients
with RA reacted with IgG monoclonal anti-D
antibodies (Table 3). The importance of REs
synthesised by rheumatoid synovial cells and their
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specificity for IgG3 epitopes has also been emphas-
ised. Such RFs have greater reactivity for IgG3 than
serum RF has, and greater reactivity and avidity for
IgG3 than for IgGl, whether measured by a
complement dependent plaque forming cell assay2l
or by an enzyme linked immunosorbent assay
(ELISA).22 Overall it appears that RFs with speci-
ficity for IgG3 epitopes are formed in many patients
with RA, but that demonstration of RFs with these
specificities requires selected experimental condi-
tions. For example, some IgG3 epitopes may be in
cryptic form on polyclonal but not on monoclonal
anti-D coated erythrocytes. For RF reactivity to
IgG3 Gm epitopes sera should be selected from
patients carrying the opposite G3m alleles. RF
synthesised by synovial cells may have specificities
more relevant to the initiation of chronic disease in
RA than serum RF has. In this respect, a rationale
for the study of IgG3 epitopes has been proposed by
Stanworth.23 His finding that of the four IgG
subclasses only IgG3 in its native monomeric state
failed to react with RF led to the suggestion that an
unknown immunogen in patients with RA could
stimulate a response within the IgG3 subclass. This
IgG antibody would form autoimmunogenic
complexes in which IgG3 epitopes were revealed
which are normally in cryptic form. RFs with
specificity for these newly exposed epitopes would
thus be stimulated. This hypothesis could be tested
by searching for IgG3 subclass antibodies to a
variety of potential immunogens, such as human
parvovirus (B19)24 and rubella,25 in patients in the
early stages of RA.
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