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An IgG subclass imbalance in connective
tissue disease
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SUMMARY A group of 16 patients with a disproportionate polyclonal increase in their serum
IgGl, resulting in raised concentrations of total IgG immunoglobulin, has been discovered. The
other IgG subclasses in these patients are either normal or slightly reduced, resulting in an
IgGl:IgG2 ratio of at least 10:1. Most cases are marked by the presence of anti-extractable
nuclear antigen (anti-ENA) antibodies and high titres of rheumatoid factor and antinuclear
antibody. All but one patient has a connective tissue disease, nearly twice the prevalence found in
similarly hypergammaglobulinaemic patients without this IgG subclass imbalance. Among
patients with systemic lupus erythematosus (SLE), those with the IgGl disorder have a higher
prevalence of high titre rheumatoid factor and antinuclear antibody, but a lower prevalence of
anti-double-stranded DNA (anti-dsDNA) antibodies above 30 U/ml. It is suggested that this
immunoglobulin abnormality may reflect a unique immunoregulatory dysfunction in these
patients.
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Immunoglobulin abnormalities have been reported
in association with connective tissue diseases
(CTD). Systemic lupus erythematosus (SLE), for
example, is characterised by hypergammaglobulin-
aemia, increased spontaneously activated B cells,
and increased immunoglobulin-secreting cells in
both patients and mouse models of the disease.'-5
CTD are also characterised by autoantibody
formation. These antibodies, such as antigamma-
globulin, antinuclear, anti-RNP, anti-Sm, anti-La,
and anti-DNA antibodies, are predominantly of the
IgGl and IgG3 isotypes.6'l This probably reflects
the chemical nature of the antigenic determinant(s)
against which these antibodies are directed, as
protein antigens mostly induce an IgGl antibody
response with minor contributions from IgG3 and
IgG4,8 l whereas carbohydrate antigens induce
mainly IgG2.8 l
Although hypergammaglobulinaemia and IgGl

autoantibodies have been reported in CTD, this
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report highlights an imbalance in the IgG subclass
concentrations in a small number of patients, mostly
suffering from CTD. We consider the clinical
implications of this new observation and discuss
possible mechanisms for the immune dysregulation.

Patients and methods

PATIENTS
Blood samples are referred to this regional immun-
ology service laboratory from over 60 hospitals in
the north west of England, and the tests performed
are largely requested by the referring clinician. The
patients who comprise this study represent the 600
examined for IgG subclass estimations between 1983
and 1986. Any bias in the sample relating to age,
sex, or diagnosis, therefore, comes from the selec-
tion of this investigation by the referring clinician.

METHODS
Estimation of serum concentration of
immunoglobulin and IgG subclass
Concentrations of IgG, IgA, and IgM immuno-
globulins were measured by rate nephelometry

536



An IgG subclass imbalance 537

(Beckman RIIC Ltd, US). The amounts of IgGl,
IgG2, and IgG3 were measured by radial immuno-
diffusion. Briefly, plates were poured with 1%
agarose in barbitone buffer pH 8-0 containing 6%
polyethylene glycol (mol. wt 3000) and dilutions of
the monoclonal antibodies (MAbs; Unipath Ltd,
Bedford, UK) against the IgG subclasses. The
MAbs were diluted 1 in 90 for IgGl (MAb clone
JL512), 1 in 45 for IgG2 (MAb clone GoMl), and
1 in 180 for IgG3 (MAb clone ZG4). Samples of
patients' serum (5 ,ul) were diluted 1 in 5 with
phosphate buffered saline pH 7*6, placed in cut
wells, and incubated for 72 hours at 4°C in a damp
box. The precipitin ring diameters were compared
with those obtained from a standard curve produced
by doubling dilutions of the protein reference serum

SPS-01 (SAS Protein Reference Unit, Sheffield,
UK).
IgG4 concentrations were measured by a com-

petitive inhibition enzyme linked immunosorbent
assay (ELISA), which is described in greater detail
elsewhere.'2 Briefly, plates were coated with a 1 in
250 dilution of a monoclonal anti-IgG4 antibody
(MAb clone RJ4; Unipath Ltd, Bedford, UK). Two
dilutions of the patient's serum were added to the
plate in competition with a fixed amount of bio-
tinylated IgG4 myeloma protein. The amount of
biotinylated myeloma protein bound (which varies
inversely with the IgG4 content of the patient's
serum) was detected by avidin coupled to peroxidase.
The plates were developed with 1 mM ABTS
substrate containing 0-1 mM H202 and read using a

Multiskan plate reader (Flow Labs, UK). The
standard curve was made with doubling dilutions of

known amounts of unlabelled IgG4 myeloma com-

peting with the labelled version of itself.

Serum electrophoresis
Serum electrophoresis was performed using the
Hiphore kit (Gelman Sciences, UK).

Identification of antinuclear antibodies
Antinuclear antibodies (ANAs) were detected
indirect immunofluorescence using HEp2 cells
substrate. 13

by
as

Detection of antibodies to extractable nuclear
antigens
Antibodies to extractable nuclear antigens (ENAs)
were detected by counterimmunoelectrophoresis.'4

Measurement of antigammaglobulin antibody
concentrations
Antigammaglobulin antibody (rheumatoid factor)
concentrations were measured by two commercial
kits: RAHA (Fujirebio, Japan) and Latex (Wellcome
Diagnostics, UK).

Measurement of anti-double-stranded DNA
antibodies
Anti-double-stranded DNA (anti-dsDNA) anti-
bodies were measured using a modification of the
ELISA method described elsewhere.'5 Antibody
levels were estimated relative to a positive reference
serum and expressed in arbitrary units/ml, taking
levels of greater than 30 units/ml as being suggestive
of SLE in this laboratory.

Table 1 Serum immunoglobulin and IgG subclass concentrations (gll) of 16 patients with a disproportionate polyclonal
increase in IgGi

Patient IgG IgA IgM IgGI lgG2 IgG3 IgG4 IgGllIgG2
No (6-18)* (0-63-3) (0-41-5) (4-12) (1-5-7) (0-1-2) (0-042-7) (0-578-0)

1 19-2 3-4 0.5 22-0 1-6 0 4 0-5 13 8
2 32-0 4-5 2-2 29-0 2-4 1*1 1-5 12-1
3 23-0 1-7 1*6 27-0 1.1 03 <0 1 246
4 18-8 2-7 1-9 21-0 1-6 05 0 9 13-1
5 38-0 2-9 2-1 39-0 2-5 1*1 0-8 15 6
6 18-2 1-6 2-0 15-6 1-2 0-7 0-5 13-0
7 36-0 26 3-6 260 0-9 1-0 0-5 289
8 52-0 0-7 2-8 56-0 1-6 0-2 <0-1 35-0
9 40-0 2-2 1-9 42-0 0-3 0-3 0-2 140-0
10 58-0 2-0 1*6 52-0 1*4 1.3 0-1 37-1
11 48-0 2-1 1-5 50.0 1-6 0-5 0-2 31-3
12 26-5 1-6 1*7 265 1.0 0-6 <0 1 265
13 66-0 2-5 2-9 55.0 4-9 0-7 1*4 11-2
14 21-0 2-5 1*5 15-2 1 0 0-8 <01 15-2
15 35-0 1-9 2-5 27-0 1-9 0-5 <0 1 14-2
16 42-0 3-6 0-7 40-0 3-7 0-6 0-7 10-8

*Normal ranges are shown in parentheses.
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STATISTICAL ANALYSIS

The Wilcoxon rank sum test and the x2 test were
used when appropriate. A p value of <0-05 was
taken as the minimum level of significance.

Results

Of 600 patients in whom we measured the IgG
subclass concentrations between 1983 and 1986, we
found 16 with a disproportionate increase in their
serum IgGl immunoglobulins but without a para-
protein. The other IgG subclasses, and in particular
IgG2, were either reduced or at the lower end of the
normal range, so that IgGl concentrations were at
least 10 times greater than those of IgG2 (Table 1).
These patients, therefore, form a distinct group
when the concentrations of these two immuno-
globulins are plotted against each other (p<<0-001)
(Fig. 1). The increase in the IgGl subclass resulted
in a raised total IgG, but IgA and IgM concen-
trations were normal. Eleven of the 16 patients were
tested repeatedly for up to three years and gave

consistent findings: the concentration of IgGl either
remained high or rose higher except when the
patient was treated with prednisolone (>30 mg
daily) or azathioprine (>100 mg daily).

Fourteen of the 16 patients were female. There
appeared to be a characteristic pattern of autoanti-
bodies (Table 2). Of the 13 patients tested for
rheumatoid factor, 11 had high titres. ANAs were

detected in all 14 patients tested, with a titre of 300
or greater in all but one case. Antibodies against
ENAs were found in 13 of the 15 patients tested,
and precipitins to Ro, La, and RNP antigens
predominated. Anti-dsDNA antibodies (>10 U/ml)
were detected in 10 of the 15 patients tested, but
only three of them had levels over 30 U/ml sug-

gestive of SLE.
Retrospective clinical review of the case notes

showed that 14 patients had presented with symptoms
suggestive of a connective tissue disorder. According
to American Rheumatism Association criteria,16 17
eight of these were classified as suffering from SLE
and two from rheumatoid arthritis (RA). Two

Table 2 Autoantibody profiles in the 16 patients with IgG subclass imbalance

Patient Age Sex ANA* ENA t dsDNA (Ulml) RF (titre) Diagnosis
No

Pattern* Titre lgG IgM RAHA Latex

1 58 F spk 1000 Ro <10 <10 <8 <32 SLE
La

2 50 F hom 1000 Neg 34 36 >256 >64 SLE
3 68 F atp 1000 Neg <10 <10 ND ND SLE
4 17 M ND ND ND ND ND ND ND Eczema
5 24 F spk 1000 Ro 15 22 >256 >64 SLE

La
6 68 M hom 1000 Ro <10 <10 128 32 RA

La
7 49 F hom 1000 Ro 20 <10 >256 >64 SSt

La
8 52 F spk 1000 Ro <10 13 >256 >64 SS

La
9 65 F nc 1000 RNP <10 <10 >256 >64 RA

spk 300
10 36 F hom 300 Ro 44 15 >256 >64 MCrDt

La
RNP

11 21 F spk 300 Ro <10 15 128 64 SLE
La

12 33 F spk 300 Ro <10 25 >256 >64 SLE
La

13 85 F ND ND RNP 225 130 ND ND SLE
14 30 F spk 1000 Ro <10 <10 >256 64 MCTD

La
15 31 F spk 30 Ro <10 12 >256 64 SLE

nc 30 La
16 30 F spk >1000 RNP 12 <10 <8 <8 SLE

nc >1000

*ANA=antinuclear antibody; spk=speckled; hom=homogeneous; atp=atypical; nc=nucleolar; Neg=negativc; ND=not done.
tENA=extractable nuclear antigen; SS=sicca syndrome; MCTD=mixed connective tissue disease.
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Fig. 1 Distribution ofserum concentrations ofIgGI
against IgG2 in the 600 patients who underwent IgG
subclass estimations between 1983 and 1986. Special
symbols highlight patients with an IgGi imbalance (Ky) or

hypergammaglobulinaemic patients with SLE without an
IgG subclass imbalance (O). The stippled areas on the axes
denote the normal ranges ofIgGI and IgG2. The oblique
line shows where the concentration ofIgGI is 10 times
greater than that ofIgG2, so any point to its left denotes a
ratio ofgreater than 10:1. The patients without the above
IgG subclass imbalance who lie to the left of this line are
either IgG2 deficient or have an IgGI paraprotein.

patients were diagnosed as mixed connective tissue
disease (MCTD) and two as primary sicca syndrome
(SS). Of the remaining two patients, one presented
with atopic eczema and had high concentrations of
both IgE and anti-IgE antibodies; the sixteenth
patient presented with urticaria and angioedema.
This last patient developed a photosensitive rash
with skin biopsy specimen characteristic of SLE
some 18 months after the immunological abnor-
malities were noted. Thus 15 of 16 patients had a
CTD. By way of comparison, in a group of 33
patients selected for raised total IgG but no

IgG1:IgG2 imbalance, only 21 (64%) had a CTD
(Table 3).
The immunological abnormalities appeared to cut

across the usual diagnostic categories. To make
some comparison of the prevalence of autoanti-
bodies in patients with and without the IgG subclass

imbalance we selected patients with SLE as these
formed the largest subset from each group. Among
these patients, ANAs in high titre, rheumatoid
factor in high titre, and anti-ENA antibodies were
all more prevalent in those with IgGI imbalance
than in patients with SLE from the comparison
group (Table 4). High levels of anti-dsDNA were
more prevalent in the hypergammaglobulinaemic
SLE comparison group.

Table 3 Clinical diagnoses in the 16 patients with
disproportionate polyclonal IgGi concentrations and 33
patients similarly hypergammaglobulinaemic without IgG
subclass imbalance

Raised IgG Raised IgG
fgGJlIgG2>10 IgGJlIgG2<10

With CTD* SLE (9) SLE (9)
RA (2) RA (9)
MCTD (2) MCTD (1)
SS (2) Eosinophilic faciitis (1)

PBC* (1)
Without CTD Eczema (1) Respiratory tract

infection (6)
Urticaria (3)
Coeliac disease (1)
Chronic granulomatous

disease (1)
Chronic renal failure (1)

*CTD=connective tissue disease; PBC=primary biliary cirrhosis.

Table 4 Autoantibodv findings in nine patients with SLE
with a disproportionate increase in IgGi and nine similarly
hypergammaglobulinaemic patients with SLE without an
lgG subclass imbalance

Result Patienits with
SLE and IgG
subclass
iinbalatace

ANA titre>300
ANA pattern*

spk
nc
hom
atp

RF titre
RAHA>64
Latex>32

dsDNA level
>30 U/ml

ENA +ve
RNP +ve
Ro or La +ve,
or both +ve

Jo- I + ve

7/8

6/8
2/8

1/8
1/8

5/7

2/9
7/9
2/9

5/9
0/9

HIypergatnma-
globulinaemic
controls with
SLE

5/9

3/9
2/9
3/9
0/9

0/8

6/9
5/9
0/9

4/9
1/9

*For abbreviation see Table 2.
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Discussion
Our computerised filing system18 has enabled us to
identify an unusual subset of patients who have a
distinctive immunoglobulin imbalance. One patient
with a very high concentration of polyclonal IgGl
initially alerted us to the phenomenon. When the
abnormality was defined as a raised concentration of
IgGl, with an IgGl:IgG2 ratio of 10:1, a search of
our data files disclosed 15 more patients with this
pattern of results. These patients not only had the
IgG subclass imbalance but also a distinct auto-
antibody pattern with high titres of ANAs and
rheumatoid factor and the presence of anti-ENA
antibodies in most cases. The prevalence of CTD
was about twice that of other patients with a
similarly raised immunoglobulin G concentration
without the subclass imbalance. Studies are underway
to ascertain the overall prevalence of this subclass
imbalance in CTD. In one patient presenting with
urticaria and angiodema the immunological ab-
normalities were detected some 18 months before
SLE became clinically apparent. We have heard of
two nephritic patients who had high concentration
of IgGl before the development of Sjogren's
syndrome. Thus IgG subclass imbalance, though
spanning the usual clinical subdivisions, may be an
early indication of CTD in evolution.
The precise cause of B cell overactivity in CTD is

unknown but among the possibilities are genetic
factors, unidentified polyclonal B cell activators,
and defective immunoregulation.' Most studies of
SLE in both humans and mice have found defective
suppressor function,'B23 but in the MRL mouse
model there is excessive helper cell activity.5
Increased lymphocyte transformation and lympho-
kine production in cartilage-type proteoglycan and
collagen derived antigens have been described in a
range of connective tissue disorders,24 and animal
studies have shown that effector and helper T cell
functions may be mediated by the same cell.25 26

Aberrant T helper cells have shown to be respon-
sible for the abnormally high concentrations of IgG
and IgA in a patient with Sezary's syndrome; these
cells induced the secretion of IgG and IgA by B cells
from a patient deficient in these immunoglobulins
(hyper-IgM immunodeficiency) and produced similar
effects when cocultured with B cells from normal
subjects.27 Studies using murine cell lines have
demonstrated T cells which stimulate the secretion
of IgGl by B lymphocytes via the release of a
lymphokine,2830 and recent data suggest that in
some murine models of SLE isotype-specific as well
as antigen-specific T helper cells may be increased.3'
One possibility, therefore, is that an IgGl-specific
lymphokine is responsible for the abnormality in our
patients.

The defective immunosuppression found in
patients with SLE has been most commonly
attributed to autoantibodies directed against the
patients' suppressor T cells.32 35 Not all the anti-
lymphocytic antibodies found in SLE are inhibitory,
however, and there is a report of SLE antibodies
causing activation of lymphocytes in culture. 36 Hence
it may be an autoantibody that is responsible for the
increased IgGl production, either by stimulating the
isotype-specific helper T cell or by acting on B cells
directly. In our patients with IgG subclass imbalance
we have preliminary data suggesting that there is a
serum factor capable of selectively enhancing IgG1
production by normal splenocytes in vitro.

References

1 Tsokos C T, Balow J E. Cellular immune responses in systemic
lupus erythematosus. Prog Allergy 1984; 35: 93-161.

2 Fauci A S. Immunoregulation and auto-immunity. J Allergy
Clin Immunol 1980; 66: 5-17.

3 Moutsopoulos H M, Boehm-Truitt M, Kassen S S, Chused T N.
Demonstration of activation of B lymphocytes in New Zealand
black mice at birth by an immunoradiometric assay. J Immunol
1977; 119: 1639-45.

4 Manny N, Dutta S, Schwartz R S. Synthesis of IgM by cells of
NZB and SWR mice and their crosses. J Immunol 1979; 122:
1220-7.

5 Theofilopoulos A N, Shawler D L, Eisenberg R A, Dixon F J.
Splenic immunoglobulin-secreting cells and their regulation in
autoimmune mice. J Exp Med 1980; 151: 446-66.

6 Eisenberg R A, Dyer K, Craven S Y, Fuller C R, Yount W J.
Subclass restriction and polyclonality of the systemic lupus
erythematosus marker antibody anti-Sm. J Clin Invest 1985; 75:
1270-7.

7 Pearce D C, Yount W J, Eisenberg R A. Subclass restriction of
anti-SS-B (La) autoantibodies. Clin Immunol Immunopathol
1986; 38: 111-9.

8 Hammarstrom L, Smith C I E. Immunoglobulin isotypc
diversity and its functional significance. In: French M A H, ed.
Immunology and medicine: immunoglobulins in health and
disease. Lancaster: MTP Press, 1986: 31-53.

9 Shakib F, Stanworth D R. Antigammaglobulin (rheumatoid
factor) activity of human IgG subclasses. Ann Rheumn Dis 1978;
37: 12-17.

10 Schur P H, Monroe M, Rothfield N. The gamma G subclass of
antinuclear and antinucleic acid antibodies. Arthritis Rheum
1972; 15: 174-82.

11 Hammarstr6m L, Smith C I E. IgG subclasses in bacterial
infections. Monogr Allergy 1986; 19: 122-33.

12 Wilson P B, Wood K J, Dore P, Swainson J A, Brenchley
P E C, Pumphrey R S H. Investigation of IgG4 levels in atopic
patients using a competitive inhibition assay employing biotiny-
lated IgG4 myeloma and avidin peroxidase. J Immunol Methods
1986; 87: 59-67.

13 Bernstein R M, Steigerwald J C, Tan E M. Association of
antinuclear and antinucleolar antibodies in progressive systemic
sclerosis. Clin Exp Immunol 1982; 48: 43-51.

14 Bernstein R M, Bunn C C, Hughes G R V. Identification of
antibodies to acidic antigens by counterimmunoelectrophoresis.
Ann Rheum Dis 1982; 41: 554-5.

15 Klotz J L, Minami R M, Teplitz R L. An enzyme-linked
immunosorbent assay for antibodies to native and denatured
DNA. J Immunol Methods 1979; 29: 155-65.

16 Tan E M, Cohen A S, Fries J F, et al. The 1982 revised criteria
for the classification of systemic lupus erythematosus. Arthritis
Rheum 1982; 25: 1271-7.



An IgG subclass imbalance 541

17 Ropes M W, Bennett G A, Cobbs S, Jacox R, Jessar R A. 1958
revision of diagnostic criteria for rheumatoid arthritis. Bull
Rheum Dis 1958; 9: 175-6.

18 Pumphrey R S H. Automated filing and reporting in a regional
immunology service laboratory using a PET computer. Med lnf
(Lond) 1981; 6: 279-83.

19 Abdou N 1, Sagawa A, Passual E. Herbert G, Sadeghu S.
Suppressor T-cell abnormality in idiopathic systemic lupus
erythematosus. Clin Immunol Immunopathol 1976; 6: 192-9.

20 Bresnihan B, Jasin H E. Suppressor function of peripheral
blood mononuclear cells in normal individuals and in patients
with systemic lupus erythematosus. J Clin Invest 1977; 59:
106-16.

21 Ruiz-Arguelles A, Alarcon-Segovia D, Llorente L, Del Giudice-
Knipping J A. Heterogeneity of the spontaneously expanded
and mitogen-induced generation of suppressor cell function of
T cells on B cells in systemic lupus erythematosus. Arthritis
Rheum 1980; 23: 1004-9.

22 Krakauer R S, Waldman T A, Strober W. Loss of suppressor
T cells in adult NZB/NZW mice. J Exp Med 1976; 144: 663-73.

23 Cantor H L, McVay-Boudreau L, Hugenberger J, Naidorf K,
Shen F W, Gershon R K. Immunoregulatory circuits among
T-cell subsets. II. Physiological role of feedback inhibition
in vivo: absence in NZB mice. J Exp Med 1978; 147: 1116-25.

24 Golds E E, Stephen I B M, Esdaile J M, Strawczynski H, Poole
A R. Lymphocyte transformation to connective tissue antigens
in adult and juvenile rheumatoid arthritis, osteoarthritis,
ankylosing spondylitis, systemic lupus erythematosus and a
nonarthritic control population. Cell Immunol 1983; 82:
196-201.

25 Bianchi A T, Hooijkaas H, Benner R, Tees R, Nordin A A,
Schreier M H. Clones of helper T cells mediate antigen-specific,
H-2 restricted DTH. Nature 1981; 290: 62-3.

26 Milon G, Marchal G, Seman M, Truffa-Bachi P, Zilberfarb V.
Is delayed-type hypersensitivity observed after a low dose of
antigen mediated by helper T cells? J Immunol 1983; 130:
1103-7.

27 Mayer L, Posnett D N, Kunkel H G. Human malignant T cells
capable of inducing an immunoglobulin class switch. J Exp Med
1985; 161: 134-44.

28 Isakson P C, Pure E, Vietta E S, Krammer P H. T cell derived
B cell differentiation factor(s). Effect on isotype switch of
murine B cells. J Exp Med 1982; 155: 734-48.

29 Sideras P, Bergstedt-Lindqvist H, MacDonald H R, Severinson
E. Secretion of an IgGI induction factor by T cell clones and
hybridomas. Eur J Immunol 1985; 15: 586-93.

30 Sideras P. Bergstedt-Lindqvist H. Severinson E. Partial bio-
chemical characterisation of IgG 1-inducing factor. Eur J
Immunol 1985; 15: 593-8.

31 Ando D G, Sercarz E E, Hahn B H. Mechanisms of T and
B cell collaboration in the in vitro production of anti-DNA
antibodies in the NZB/NZW F1 murine SLE model. J Immunol
1987; 138: 3185-90.

32 Sagawa A, Abdou N I, Suppressor cell antibody in systemic
lupus erythematosus. Possible mechanism for suppressor-cell
dysfunction. J Clin Invest 1979; 63: 536-9.

33 Sakane T, Steinberg A D, Reeves J P, Green I. Studies of
immune functions of patients with systemic lupus crythematosus.
Complement-dependent immunoglobulin M anti-thymus-
derived cell antibodies preferentially inactivate suppressor cells.
J Clin Invest 1979; 63: 954-65.

34 Sakane T, Steinberg A D, Reeves J P, Green 1. Studies of
immune functions of patients with systemic lupus erythematosus.
T-cell subsets and antibodies to T-cell subsets. J Clin Invest
1979; 64: 1260-9.

35 Honda M, Sakane T, Steinberg A D, et al. Studies on immune
functions of patients with systemic lupus erythematosus. Anti-
bodies to desialized rather than intact T cells preferentially bind
to and eliminate suppressor effector T cells. J Clin Invest 1982;
69: 940-9.

36 Takeuchi T, Abe T, Kiyotake M, et al. In vitro immune
response of SLE lymphocytes. The mechanism involved in
B-cell activation. Scand J Immunol 1982; 16: 369-77.


