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SUMMARY

Significant differences in both the affinity and IgG subclass of antibodies produced after
immunization with tetanus toxoid have been demonstrated in patients with systemic lupus
erythematosus (SLE) and rheumatoid arthritis (RA) compared to healthy controls.
Patients with RA failed to show affinity maturation although they produced similar
amounts of antibody to the controls. Some patients with SLE produced very high affinity
antibodies although there was a wide spectrum of response. Antibodies to tetanus toxoid
in controls were predominantly IgG1 and IgG4 but in RA and SLE there was either a
restricted IgG1 response or a more general response in all the IgG subclasses. It is likely
that these differences in response reflect the underlying disorders in immunoregulation
present in patients with these diseases.
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INTRODUCTION

Experimental evidence from a number of studies shows that high affinity antibodies mediate a
variety of biological functions more effectively than low affinity antibodies (Steward, 1981). Thus,
the importance of characterizing antibody responses in terms of affinity, as well as amount, for
example after vaccination, has been stressed (Brown et al., 1984). Antibody affinity is a genetically
controlled parameter of the immune response governed by mechanisms independent of those
regulating antibody levels. It has been argued that the inability to produce high affinity antibodies is
a form of immunodeficiency which may have immunopathological consequences (Soothill &
Steward, 1971). This has been confirmed experimentally in mice, genetically selected on the basis of
the affinity of their antibody responses, in which it has been shown that low affinity responses and, in
particular, failure of affinity maturation, are important in determining susceptibility to chronic
immune complex disease (Devey et al., 1984).

Based on the premise that the control of antibody affinity is broadly antigen independent and is
thus likely to reflect overall immune responsiveness (Soothill & Steward, 1971), we have determined
affinity responses in patients with SLE and RA after immunization with tetanus toxoid. In view of
the importance of assessing the affinity as well as the amount of antibodies produced in response to
vaccination (Brown et al., 1984), information on the affinity responses in such patients may have
important implications for their protection after immunization. In addition, we have examined the
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IgG subclass of antibody responses to tetanus toxoid, as previous studies (Devey et al., 1985)
suggest that there is an association between antibody affinity and IgG subclass in man.

MATERIALS AND METHODS

Human sera. Sera were obtained from 24 patients with SLE (mean age 40-5 years, range 20-79),
each of whom met four or more of the American Rheumatism Association’s revised criteria for the
classification of the disease (Tan ez al., 1982); 29 patients with RA (mean age 53-8 years, range 23—
73) each of whom had definite or classical disease according to the criteria of the American
Rheumatism Association (Ropes et al., 1958); and 33 healthy controls (mean age 36-6 years, range
22-79), before and 2—-3 weeks after intramuscular immunization with 40 IU alum-adsorbed tetanus
toxoid (Wellcome). A second immunization was given 46 weeks after the first, if sufficient antibody
was not obtained. Patients receiving immunosuppressive drugs, except for low dose prednisolone
(< 15 mg/day), were not included in the study.

Affinity assay. Antibody affinity was measured by a double-isotope radioimmunoprecipitation
assay, modified from Gaze, West & Steward (1973) using polyethylene glycol (mol. wt 8000) at a
final concentration of 3-0% to separate bound antigen (b) from free antigen (c). Antibody affinity
(K) and antibody concentration, expressed as total antibody binding sites (Abt), were calculated
from a plot of 1/b versus 1/c in a modification of the Langmuir equation (Steward & Petty, 1972).

Antisera. Monoclonal antibodies to IgG1l (NL16), IgG2 (GOM1), IgG3 (ZG4) and 1gG4
(GB7B) were obtained from Seward Laboratories and used at dilutions (1/2500, 1/5000, 1/5000 and
1/5000, respectively) which had been shown to have equivalent activity with the appropriate
purified subclass protein in ELISA. An affinity purified, human IgG absorbed, peroxidase-
conjugated antiserum to mouse IgG (Jackson) was used at 1/5000.

Enzyme-linked immunosorbent assay. Polystyrene microtitre plates (Flow Laboratories) were
coated with affinity purified tetanus toxoid (10 ug/ml) in 0-1 M carbonate buffer, pH 9-6. Doubling
dilutions of sera were made from a starting dilution of 1/20 in PBS/1% casein/0-:05% Tween 20
(PBS/C/T). Plates were incubated with monoclonal anti-subclass antibodies followed by the
peroxidase conjugate. The plates were washed between each step with PBS/C/T and all incubations
were for 2 h at room temperature. Finally, 0-4 mg/ml o-phenylene diamine dihydrochloride was
added to each well, the reaction stopped after 10 min and the resulting colour measured at 492 nmin
a Titertek Multiskan. Positive and negative controls were included on each plate and the results
were expressed as an end point titre at a low optical density (OD4s; =0-2).

Statistics. Statistical analysis of data was carried out using Student’s t-test, the Wilcoxon two-
sample test for non-parametric data and regression analysis.

RESULTS

Antibody levels. Antibodies to tetanus toxoid were detected in 73% controls, 54% SLE patients
and 59% RA patients before immunization and a significant increase in the mean antibody level
(Abt) occurred in all groups after immunization (Fig. 1) with no significant differences between the
groups. Immunization was not successful in two controls, one patient with RA and one with SLE.

Antibody affinity. Pre-immunization antibody was of low affinity in all groups and a significant
increase in affinity occurred in controls (P < 0-0001) and SLE (P < 0-05) after immunization (Fig. 2).
RA patients did not show this affinity maturation and had significantly lower affinity values
compared to both the controls and SLE patients. Antibody affinity showed a significantly inverse
correlation with age in the controls (r=0-44, P=0-014), but not in RA or SLE. In addition, affinity
in RA patients over the age of 50 (0-66+0-51 x 106 M~!) was not significantly different from that in
patients under the age of 50 (0-65+0-41 x 106 M~!).

SLE patients showed a very wide variation in affinity responses after immunization, 39%
produced antibody of very high affinity (> 2-0 x 105 M~!) compared to 15% of controls with values
in this range. There was no correlation between either high or low affinity responses and any of a
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Fig. 1. Total antibody levels (Abt, pmM/10 ul +s.e.) in SLE (A—a), RA (0—O0) and normal controls (8- — —@)
before (Pre) and after immunization with tetanus toxoid (arrow).
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Fig. 2. Antibody affinity (K, x 10°M~!+s.e.) in SLE (A—a), RA (0—o0) and normal controls (8— — -@)
before (Pre) and after immunization with tetanus toxoid (arrow). Significant differences between RA and
controls, * P<0-0001 and between SLE and RA, + P<0-05.
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Table 1. Antibody affinity after immunisation with tetanus toxoid and clinical manifestations of disease in

patients with SLE

Antibody affinity

Clinical feature* n x 106 M~ +s.d.
Rash + 17 2:51+4-52
— 6 2:42+1-45
Raynaud’s + 11 2:00+2-40
- 12 294+ 5-00
Serositis + 13 2:76+4-85
— 10 2:13+2-42
Renal disease + 2 0-66 +0-08
- 21 2:66+4-06
CNS disease + 6 1-38 +1-09
- 17 2-88+4-49
DNA antibodies  + 10 2:95+5-50
- 13 2134226
ENA antibodies + 12 2:48 +2:37
— 11 2:49+ 525

* All the patients tested had arthralgia/arthri-
tis. There were also no differences between those
with Sj6gren’s syndrome or other autoimmune

diseases (data not shown).

Table 2. Antibody affinity after immunization with tetanus toxoid in patients with SLE and RA treated with
prednisolone and non-steroidal anti-inflammatory drugs (NSAID)

Antibody affinity

Patients Therapy n x 105 M~ +s.d.
SLE Prednisolone 9 4-57+5-68*
Othert 12 1-114+091
RA NSAID 12 0-76 +£0-62
Prednisolone 3 0-56+0-23
Othert 11 0-55+0-31
Controls - 28 1-:334+0-82

* Significant difference between prednisolone
treatment and ‘other’ therapy, P <0-05.
t No therapy or other therapy excluding NSAID

and prednisolone.

wide variety of classical features of lupus that were analysed. These included skin rash, Raynaud’s
phenomenon, arthralgia, pleuropericarditis, renal disease (two patients only), cerebral disease, the
presence or absence of Sjogren’s syndrome and other autoimmune diseases (Table 1). However,
there was a significant association between high affinity responses in SLE patients and low dose
prednisolone therapy (Table 2). This was not seen in the small number of RA patients receiving
prednisolone, in whom the highest mean affinity was seen in patients treated with a variety of non-

steroidal anti-inflammatory drugs, although the difference was not significant (Table 2).

IgG subclass of antibody to tetanus toxoid. The predominant antibody response to tetanus toxoid
in normal individuals was in the IgG1 and IgG4 subclasses (Fig. 3). Before immunization, 41:2%
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Fig. 3. IgG subclass distribution of antibodies to tetanus toxoid in SLE, RA and normal controls before and
after immunization with tetanus toxoid (cross-hatching indicates the presence of IgG4 antibodies).
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Fig. 4. The relative levels of antibodies to tetanus toxoid in SLE (A——a), RA (0—0) and normal controls
@) before and after immunization with tetanus toxoid. Significant differences between patients and
controls, * P<0-05, + P<0-01, { P<0-001, § P <0-0001.
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Table 3. Affinity and amount of antibodies to tetanus toxoid in patients and controls with high IgG4 antibody
levels relative to IgG1 (IgG4>IgG1) and high IgG1 antibody levels relative to 1gG4 (IgG1 > 1gG4)

Antibody affinity  Antibody level
Subclass n x108M~'+sd.  pM/10 ul+s.d.

Controls  IgG4>IgGl 10 0-914+0-20* 35-11+ 857
IgGl>1gG4 17 1-724+0-76 43-36 + 1845

RA I1gG4 > 1gGl 5 0644014 36:66 +14-67
IgGl>1gG4 22 0-6740-51 40-50 +24-31

SLE I1gG4 > IgGl 1 0-98 22-1
1gGl>1gG4 22 2:54 4397 41-28 +20-98

* Significant difference between IgG4>IgGl and IgGl>IgG4,
P <0-005.

controls had antibody of both isotypes and 29-4% had IgG1 antibody alone. After boosting, there
was a small shift from IgG1 alone to the IgG1-IgG4 antibody response. In both SLE and RA, pre-
immunization, antibodies were highly restricted to IgG1 (72:7% and 76% respectively). After
immunization, IgG1 remained the predominant isotype in both groups, followed by IgG1-1gG4
responses in RA (20-7%) and IgG1-IgG3 responses in SLE (20-8%). Although there was a general
increase in antibodies in all four subclasses in SLE and, to a lesser extent, in RA, the highly restricted
IgG1-IgG4 responses which predominated in the controls were not found (Fig. 3).

The relative amounts of antibody produced in the different subclasses were assessed by taking
ELISA end-point titre at OD4;=0-2, which should reflect antibody concentration rather than
affinity (Steward & Lew, 1985). There were significant increases in the levels of both IgG1 and IgG4
antibodies after immunization in SLE, RA and controls (Fig. 4). However, IgG4 antibody levels
were significantly higher in controls compared to both SLE and RA before and after imnmunization.
After immunization, small but significant increases in IgG2 antibodies occurred in both SLE and
RA. In addition, there was also a significant increase in IgG3 antibody levels in SLE.

IgG subclass and affinity. Antibody affinity was significantly lower in controls with high IgG4
antibody levels relative to IgG1 antibody levels (Table 3). This association was not seen in RA. No
conclusions could be made in SLE as only one patient had high levels of IgG4 antibody.

DISCUSSION

Although there is clear evidence of abnormal immune regulation in SLE at the cellular level,
humoral responses to a variety of exogenous antigens have often been found to be normal (Mitchell
et al., 1982) and similar findings have been reported in RA (reviewed by Yu & Peter, 1974). In this
study the total amount of antibody produced after inmunization with tetanus toxoid was found to
be similar in patients with SLE and RA compared to normal controls. However, several major
differences were found when antibody affinity and IgG subclass responses were compared. Patients
with RA failed to show affinity maturation after immunization and, although their mean age was
higher than the other groups, there was no correlation between age and affinity responses. On the
other hand, affinity maturation occurred in SLE but the range of antibody affinity was very wide,
analogous to the abnormal (very high or very low) antibody responses described in vitro in SLE after
influenza immunization (Mitchell et al., 1982). There were no significant correlations between
affinity responses in SLE and a wide variety of classical features of lupus, although affinity was low
in two patients with renal disease consistent with reported low avidity anti-DNA antibodies in renal
SLE (Steward, 1976). However, there was a significant correlation between high affinity antibody
responses in SLE and low dose prednisolone therapy. This may be related to the effects of
glucocorticoids on arachadonic acid metabolism (Hirata et al., 1980), which may affect a broad
range of immune functions and this finding requires further investigation.
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There have been a number of studies on subclass restriction of antibodies to tetanus toxoid
(reviewed by Hammarstrom & Smith, 1986) and most suggest that responses in normal individuals
are predominantly found in the IgG1 and IgG4 subclasses. This was confirmed here, where
antibodies in normal controls were found to be IgG1 and 1gG4 (46:9%) or IgG1 alone (18:8%). The
IgG subclass distribution of antibodies to tetanus toxoid in both SLE and RA was quite different
from that in the controls, with a highly restricted IgG1 responses before immunization and a more
general increase in antibodies in all subclasses after immunization and, notably in SLE, in the
complement fixing IgG3 subclass.

The previously reported association between high levels of IgG4 antibodies and low affinity
responses to tetanus toxoid (Devey et al., 1985) was confirmed in the controls in this study, although
it was not found not in patients with RA. This raises the question as to whether IgG4 antibodies are
intrinsically of lower affinity compared to IgG1, or whether antibodies of both isotypes are low
affinity in individuals with high levels of IgG4 antibody. Preliminary results have shown that the
dissociability of IgG4 antibodies for tetanus toxoid is greater than that of IgG1 antibodies in the
same serum, indicating that IgG4 is of lower functional affinity (M.E. Devey, K. Bleasdale & S.
Rath, unpublished). Similar affinity differences have been described for the murine IgG subclasses
(Sarvas et al., 1983), suggesting that there may be a link between affinity maturation and IgG
subclass expression.

Analysis of IgG subclass deficiencies in man have shown an association with heavy chain
constant region gene order, being more frequent for the subclasses with Cy genes located
downstream (3!) on chromosome 14 (2 and y4) compared to those with genes located upstream (y1
and y3). What controls isotype switching is not well understood but it has been proposed that T cells
are involved (Mayumi et al., 1983; Mayer, Posnett & Kunkel, 1985). Selective deficiencies of IgG
subclasses have been demonstrated in many diseases including RA (Shakib & Stanworth, 1980) and
SLE (Oxelius, 1984), both of which may be associated with elevated levels of IgG1 and low levels of
IgG2 and IgG4. There is less information on IgG subclass restriction of antibody responses in these
diseases although it has been proposed that a switch from complement fixing (IgG1 and IgG3) to
non-complement fixing (IgG2 and IgG4) autoantibodies may result in clinical improvement in
patients with autoimmune diseases (Tojo, Friou & Spiegelberg, 1970). What emerges from this
study, is that deviations from normal antibody responses to tetanus toxoid, in terms of subclass
restriction, occur in both SLE and RA although whether this is a reflection of subclass restriction of
autoantibodies in these patients is not known at present.

It is clear that patients with SLE and RA also exhibit abnormal immune responses with regard
to the affinity of their antibody responses to tetanus toxoid, when compared to healthy controls.
Differences were also apparent within the two patient groups. For example, patients with RA were
unable to show affinity maturation, whereas patients with SLE either had very high or very low
affinity responses. This finding may have important implications for the protection of RA patients
against tetanus and also suggests that their reponses to other immunizing antigens may be impaired.
It is likely that both the regulation of antibody affinity and IgG subclass expression are dependent
on cellular control, possibly at the level of the T cell, and therefore the abnormalities described here
may reflect the underlying disorders of immunoregulation in these diseases.
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