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Evidence for oligoclonal B cell expansion in the
peripheral blood of patients with rheumatoid arthritis
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SUMMARY Peripheral blood lymphocytes from patients with rheumatoid arthritis and osteo-
arthritis were examined for evidence of oligoclonal B cell expansion using the computer assisted
flow cytometric technique of kappa-lambda (x-k) analysis. Eleven of 29 patients with rheumatoid
arthritis but only one of 16 with osteoarthritis gave abnormal results (p<0O025). Abnormal x-k
determinations did not correlate with age, duration of disease, presence of rheumatoid factor, or
other clinical and laboratory parameters. Therapy with oral or intramuscular gold compounds
appeared to diminish the incidence of x-k abnormality. These findings may indicate defective
control of clonal B cell proliferation in rheumatoid arthritis.
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Rheumatoid arthritis (RA) is characterised by sero-
logical abnormalities, notably the presence of
rheumatoid factor (RF),1 which indicate pathologi-
cal B cell responses. Relatively scant information,
however, is available concerning the phenotypic
characterisation of B lymphocytes in patients with
RA or the possible presence of abnormal numbers
of B cells belonging to particular subsets or indivi-
dual clones.

Recently, computer assisted flow cytometric
methods have been developed that permit detection
of subtle monoclonal or oligoclonal expansion of B
cell clones in the peripheral blood lymphocyte
population of patients with lymphoproliferative
disorders, even when the lymphocyte populations
are normal by conventional morphological
criteria.26 Using such a technique, called 'x-k
analysis', we asked whether evidence of oligoclonal
B cell excess could be detected in RA.

Patients and methods

PATI ENTS
We studied 29 outpatients with definite or classical
RA (mean age 53, range 35-65). Twenty four
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were enrolled in a multicentre, double blind,
placebo controlled trial of (1-thio-o-D-glucopyrano-
sato) (triethylphosphine) gold 2,3,4,6-tetra-acetate,
(auranofin) (unpublished data). Of these 24, 12
patients were assigned to receive auranofin and 12
placebo. Five patients were recruited from the
general clinic population at the time of initiation of
intramuscular aurothioglucose (Solganal) injections.
All 29 of the patients were taking salicylates or non-
steroidal anti-inflammatory drugs, with or without
low doses of corticosteroids (-10 mg prednisone
daily).
The control group consisted of 16 patients with

clinically and radiographically characteristic osteo-
arthritis (OA) of the hands, hips, and/or knees
(mean age 65, range 47-85). No patient in either
group carried a diagnosis of lymphoma, leukaemia,
or other neoplastic disease. The RA group con-
tained 20 women and nine men, and the OA group
contained 10 women and six men.

KAPPA-LAMBDA ANALYSIS
Peripheral blood mononuclear cells were isolated by
centrifugation over a Ficoll-Hypaque gradient, and
aliquots of 106 cells were stained with saturating
amounts of a F(ab')2 fragment of rabbit antibody
highly specific for either human x or A light chains,
followed by saturating amounts of fluoresceinated
goat antibody to rabbit IgG.26 Samples were
analysed on a Becton-Dickinson FACS II, with
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syndromes the presence of an expanded monoclonal
or oligoclonal population results in a distortion or
shift of either the x or k fluorescence histogram,
which is easily visible upon superimposition of the
two curves.2 46 In the present study this difference
was measured by computer analysis, as previously
described, to yield the Kolmogorov-Smirnov statistic
(D value).4 The D value for samples obtained from
normal, healthy control subjects is -10 and for 20
healthy controls analysed concurrently with the
present study the D value was 5 8 (3 5) (mean (SD),
range 2-9). For most patients with RA x-k analysis
was performed serially over a three to six month
period after initiation of either aurothioglucose, or
blinded auranofin, or placebo therapy. For patients
with OA a single analysis was performed.

RA OA

Fig. 1 Oligoclonal B cell excess (D value) in patients with
RA and OA. Mean (SD) for OA =6-9 (3-8), for RA=9-4
(4-9).

scatter gates set to exclude monocytic cells, and
histograms of fluorescence intensity versus cell
number were obtained.2 F6
Normal B cells express either the x or the k light

chain, but not both, and the fluorescence distribution
profile for each light chain represents the sum of
fluorescence intensities of all B cell clones present in
the normal heterogeneous B cell population. Even if
unequal total numbers of x and k positive cells are

present the relative shapes and positions of the
fluorescence intensity histograms are nearly
identical since the normal frequency distributions of
intensity of x and k surface expression are very

similar in a mixed population containing many B cell
clones.2 4 In patients withB cell lymphoproliferative
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Results

In order to detect small numbers of monoclonal or

oligoclonal B lymphocytes in RA and OA periph-
eral blood x-k analysis was performed and the D
value calculated as described in 'Patients and
methods'. As shown in Fig. 1, 11 of 29 patients with
RA but only one of 16 patients with OA yielded
abnormal values (x2=5X3, 0-01<p<0-25). In most of
the patients with RA it was possible to obtain serial
samples for follow up x-k analyses at one, three,
and/or six months after the original determination.
As shown in Fig. 2, three of 11 patients followed up

while receiving placebo had abnormal D values at
the last follow up compared with four of 12 when
first studied (no follow up studies were obtained in
one patient). Of the four patients with initially
abnormal D values, three subsequently normalised,
and two patients with initially normal D values
became abnormal by six months. These results
indicate that in a given patient with RA evidence of
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Fig. 2 Oligoclonal B cell excess (D value) in patients with RA followed up while receiving (A) placebo, (B) auranofin, or

(C) aurothioglucose.
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Table 1 Comparison of patients with RA with and
without B cell clonal excess

With B cell Without B cell
clonal excess clonal excess

Age 53-7 52-4
Duration of RA 10-4 9-8
Prednisone dose (mg/day) 1-6 2-6
Functional class 2-6 2-4
Anatomical class 2 9 2-9
Rheumatoid factor positive 9/11 12/18

oligoclonal B cell excess may be transient, even if
the patient is not treated with a disease modifying
drug.
The data in Fig. 2 also show that of 13 patients

with RA followed up during oral or intramuscular
gold treatment, only one had an abnormal D value
at last follow up compared with seven of 17 at the
start of gold therapy (X2=4-22, p<005). All patients
who were initially abnormal and were studied
serially while receiving gold developed normal D
values, while two initially normal patients became
abnormal, one transiently. Serial samples could not
be obtained from four patients, two of whom had
abnormal D values on the single occasion that they
were studied.
To look for clinical or laboratory characteristics

that might correlate with an abnormal x-k analysis
patients were grouped according to whether their
initial D value was normal or abnormal and com-

pared with respect to several parameters. As shown
in Table 1 the groups were comparable with respect
to age, duration of RA, prednisone dose, functional
or anatomical class, and presence of RF. Moreover,
no significant differences were observed in any of
the following parameters: sex, duration of morning
stiffness, time to fatigue, pain (measured on an

analogue scale), overall health (estimated indepen-
dently by patient and physician on an analogue
scale), number of swollen joints, number of tender
or painful joints, grip strength, 50 foot walking time,
packed cell volume, platelet count, Westergren
erythrocyte sedimentation rate, RF titre, total num-
ber of B cells, and the relative proportion of T4+
and T8+ lymphocytes. Thus the presence of oligo-
clonal B cell excess in patients with RA did not
identify any readily discernible clinical subset.

Discussion

In the present study we used the technique of x-k
analysis to demonstrate oligoclonal B cell excess in
the peripheral blood of an appreciable proportion of

patients with RA. Similar findings were rarely seen
in a control group of patients with OA. Although
the RA group included some patients younger than
any in the OA group, this difference does not
account for the observed findings since (a) no
similar abnormalities were observed in an additional
control group of 20 healthy subjects aged 20-50 and
(b) within the RA group there was no correlation
between age and a normal or abnormal x-k analysis.

Several studies have indicated that RA is char-
acterised by polyclonal activation of peripheral
blood B cells, detectable either by plaque forming
cell assays7 8 or by alterations in the ratio of surface
IgM to IgD and in the ability of B cells to rosette
with mouse erythrocytes.9 One possible explanation
for such findings is the impaired ability of RA T cells
to regulate B lymphocyte activation induced by the
ubiquitous Epstein-Barr virus,1-3 a defect that may
be related to abnormal sensitivity of RA T cells to
monocyte derived prostaglandin E. 14 Complex
abnormalities have also been observed in the
regulation by RA T cells of immunoglobulin produc-
tion driven by pokeweed mitogen.'S'7 Moreover,
RF itself may function as an additional polyclonal B
cell activator.t8

Examination of RA B cell function in the synovial
compartment has shown results not always apparent
from studies using peripheral blood lymphocytes.
Thus a subset of patients with active, generalised
synovitis had increased numbers of B cells spon-
taneously secreting immunoglobulin that were de-
tectable in synovial fluid but not peripheral blood.'9
The synovial membrane may be a significant site of
production of RF,2t which together with anticol-
lagen antibodies and other immunoglobulins may be
trapped in immune complexes within articular
cartilage.2' Of particular interest is the fact that
recent studies have demonstrated that a majority of
RA synovia in culture secrete IgG showing oligo-
clonal banding.22 The above information suggests
that the abnormalities detected in the present study
could potentially be more striking with the synovial
lymphocyte population. Oligoclonal IgG was also
found, however, in the serum of 17% of hospitalised
RA patients compared with 3% of hospitalised
controls.22 The oligoclonal bands were thought not
to represent IgG RF primarily, and there is as yet no
information regarding the antigen(s) reactive with
these immunoglobulins. Although RF production
represents activation of a restricted set of B cell
clones,2>25 it is probable that the findings in the
present study also do not relate solely to B cells
producing RF, given the lack of correlation between
an abnormal x-k pattern and the presence or titre of
RF. Nevertheless, this issue will require further
investigation.
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Our data also suggest that in some patients with
RA gold therapy may be accompanied by suppres-
sion of detectable oligoclonal B cell expansion in
peripheral blood. Additional longitudinal studies of
patients receiving a variety of disease modifying
agents would be of interest, given the ability of both
gold and penicillamine to suppress in vitro synthesis
of IgG and IgM RF by RA B cells,26 and in vivo RF

27 28titres.
In the present study patients were not systemati-

cally characterised with respect to the presence or
absence of Sjogren's syndrome. Sjogren's syndrome
is characterised by polyclonal hypergammaglobulin-
aemia and can evolve into a monoclonal B cell
neoplasm.29-32 Recent studies using high resolution
electrophoretic techniques have identified mono-
clonal light chains in the serum and urine of a high
proportion of patients with Sjogren's syndrome.33 34
x-k Analysis of B cells from patients with Sjogren's
syndrome, both primary and secondary, and pa-
tients with other rheumatic diseases, such as syste-
mic lupus erythematosus, will be of interest.

Several studies have suggested that patients with
RA are subject to an increased risk of B cell
neoplasms not related to exposure to immuno-
suppressive drugs.35*' The multiple immuno-
regulatory disturbances found in RA provide a
possible explanation for this phenomenon.4'
Although the abnormalities in x-k analysis found
among our RA patients are more subtle than those
seen in overt lymphoma, they are comparable to
findings in patients with lymphoma in apparent
remission who subsequently developed a clinical
recurrence. 2 4 In patients with RA such abnormalities
may indicate defective T cell control of clonal B cell
expansion which, in a small number of individuals,
could eventually result in overt B cell malignancy.
At present, however, this hypothesis remains
speculative, and larger longitudinal studies will be
needed to address such issues definitively.
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