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Abstract
Objective—To characterise IgG4 rheuma-
toid factor (RF) at the molecular level
from a patient with rheumatoid arthritis.
Methods—B cells were cloned from the
peripheral blood of a patient with
rheumatoid arthritis, using EB virus
transformation. The supernatants of the
clones were screened for IgG RF activity
by ELISA. Nucleotide sequences of the
expressed immunoglobulin heavy and
light chain genes of one IgG RF producing
clone were determined by direct sequenc-
ing of the products of a polymerase chain
reaction.
Results—One clone producing monospe-
cific IgG4 RF was obtained. Sequence
analysis of the heavy and light chain genes
suggested the accumulation of somatic
mutations resulting in amino acid
replacement in complementarity deter-
mining regions.
Conclusions—The results may suggest an
antigen driven response in the generation
of IgG4 RF in rheumatoid arthritis disease
processes.
(Ann Rheum Dis 1997;56:74–77)

Rheumatoid factor (RF), the autoantibody
directed against the Fc portion of IgG
molecules, has long been used as a diagnostic
marker for rheumatoid arthritis.1 Evidence
suggesting the pathogenic roles of RF in rheu-
matoid disease processes is strong, but other
reports also point to physiological roles of RF
in the clearance of immune complexes.2 To
understand the induction mechanisms for RF
in patients with rheumatoid arthritis, extensive
sequence analyses have been performed on the
immunoglobulin genes of RF producing B cell
clones. To date, sequences have been obtained
from more than 30 clones producing
monospecific IgM RF. These studies suggest
that in at least some instances an antigen
driven aYnity maturation process generates
monospecific IgM RF producing clones.3

RF of the IgG class are reportedly more
pathogenic than IgM RF, since IgG RF poten-
tially may self associate and form complexes
which can cause complement consumption
leading to chronic synovial inflammation. Thus
an understanding of the mechanisms
underlying the production of IgG RF in
patients with rheumatoid arthritis may be
relevant to clarifying the pathogenesis of the

disease. We report here the generation of an
IgG4 RF producing B cell clone, KRT-1, from
the peripheral blood of a patient with rheuma-
toid arthritis. Although IgG4 is a minor
component in the serum IgG in both patients
with rheumatoid arthritis and normal
individuals, this subclass and IgG1 reportedly
share a major part in circulating IgG RF in
rheumatoid patients.4 Molecular characterisa-
tion of the KRT-1 IgG RF suggests that
somatic mutations resulting in amino acid
replacements are induced at higher frequencies
in the complementarity determining region
(CDR), as compared to the framework region
(RF), of V region genes.

Methods
GENERATION OF A B CELL CLONE SECRETING

HUMAN IgG RF

Peripheral blood was obtained from a patient
diagnosed as having rheumatoid arthritis,
according to the 1987 criteria established by
the American College of Rheumatology.1 B
cells were cloned by distributing EB virus
infected mononuclear cells into the wells of
96-well plates, using the technique described
in an earlier report.5 The rheumatoid factor
activity (reactivity to rabbit IgG or human IgG
Fc fragment, or both) and the heavy and light
chain isotypes of the culture supernatants were
determined by enzyme linked immunosorbent
assay (ELISA), as in our earlier report.5

Supernatants with IgG RF activity were
further characterised by examining the reactiv-
ity to other antigens, including thyroglobulin,
insulin, type II collagen, ssDNA, and tetanus
toxoid, as described.5 The IgG subclass of
monoclonal IgG RF was determined by ELISA,
using peroxidase conjugated mouse mono-
clonal anti-human IgG1, -3, or -4 (Zymed
Laboratories, San Francisco, CA, USA). For
the detection of IgG2, mouse monoclonal anti-
human IgG2 (Zymed) was used and then per-
oxidase conjugated sheep F(ab')2 fragment to
mouse IgG (Cappel, Durham, NC, USA) was
added. 2,2'-Azino-di[3-ethyl-benzthiazoline
sulphonate] (Kirkegaard & Perry Laboratories,
Gaithersburg, MD, USA) was used to detect
peroxidase conjugated antibodies bound on
the plates, and absorbance at 405 nm was
measured.

INHIBITION STUDY

The approximate aYnity of a monoclonal IgG
RF was determined using the ELISA method
described by Friguet et al.6 Various concentra-
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tions of human IgG Fc fragment were
incubated with 600 ng ml-1 of monoclonal IgG
RF at room temperature for 16 hours. To
measure the amount of IgG RF unbound to
liquid phase IgG Fc, the mixture was
transferred to the plates coated with human
IgG Fc and the IgG RF bound to the solid
phase IgG Fc was detected by peroxidase con-
jugated goat F(ab')2 fragment to human IgG
Fab.

DETECTION OF EXPRESSED VH AND VÊ GENE

FAMILIES

Total cellular RNA was extracted from a
cloned B cell line using RNAzolTM B (Biotex
Laboratories, Houston, TX, USA). cDNA
synthesis and PCR amplification were carried
out using a GeneAmp RNA PCR kit (Takara
Shuzo, Kyoto, Japan). For the determination of
VH family usage, VH family specific leader
sequences were used as 5' primers as
described.5 The Cã sequence (5'GTAGTC-
CTTGACCAGGCA 3') was used as the 3'
primer. For the determination of VÊ gene
usage, leader sequences of VÊ I-IV were used
as 5' primers (VÊI, II: 5'CTCAGCTCCT-
GGGGCTCCTG3'; VÊIII: 5'CTCCTGC-
TACTCTGGCTG3'; VÊIV: 5'ATGGTG-
TTGCAGACCCAGGT3') and CÊ sequence
(5'TCTAGATCATCAGATGGCGGGAA 3')
was used as the 3' primer. PCR conditions were
94˚C for 40 seconds, 60˚C for one minute, 72˚C
for oneminute for 35 cycles, and for the last cycle
the condition was 72˚C for five minutes.

DIRECT SEQUENCING OF THE PCR PRODUCTS

The PCR products were directly sequenced
without cloning into a vector as described.7

The sequences obtained were translated into
amino acid sequences by a self made computer
program.

Results
One B cell clone designated KRT-1 secreting
IgG4 RF was obtained from the peripheral
blood of a rheumatoid arthritis patient after
two rounds of cloning procedures. The KRT-1
antibody was reactive with rabbit IgG and
human IgG Fc fragment but non-reactive with
a panel of five other antigens; therefore it was
considered to be monoreactive. The heavy and
light chain isotypes of KRT-1 were determined
by ELISA to be IgG4 and Ê, respectively. The
aYnity of KRT-1 for human IgG Fc was
estimated by an inhibition study. The KD value
of KRT-1 for human IgG Fc was calculated to
be 1.0 × 10-7, a value comparable to those of
high aYnity IgG RF of other subclasses.8 9

PCR products were obtained from the
cDNA synthesised from KRT-1 RNA only

Figure 1 (A) The nucleotide sequence of the VH gene segment of KRT-1 compared with the sequence of the closest
germline gene VH26. The amino acid sequence of KRT-1 is given above the nucleotide sequence. The dots denote nucleotide
sequence identity. The sequence diVerences resulting in amino acid replacements are indicated by * and the substituted
amino acid sequences are given below. (B) The nucleotide sequence of the N-D-N and the JH region of KRT-1 compared
with the closest germline D and JH genes.

Mutations in the V regions of KRT-1

Region No of
mutations

Nature of mutations

Replacement Silent R/S

H chain
CDR 14 13 1 13
FR 18 7 11 0.64

L chain
CDR 6 4 2 2
FR 11 4 7 0.57
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when the VH3 primer or the VÊI (II) primer
was used as the 5' primer. The PCR products
were purified and then directly sequenced. A
homology search, using the GenBank
database, revealed that the KRT-1 VH
sequence was most homologous (90.5%) to
the germline sequence VH26 in the VH3 fam-
ily (fig 1A). The sequence diVerences between
KRT-1 VH and VH26 were clustered in the
CDR (fig 1A). Thus 14 of 77 nucleotides
(18.2%) in CDR1 and CDR2 were diVerent in
the two sequences, while 18 of 269 (6.9%) in
the FR were diVerent (table). Furthermore, 13
of 14 nucleotide diVerences in the CDR
resulted in amino acid changes, while only
seven of 18 in the FR resulted in such changes
(table). Assuming these nucleotide changes are
derived from somatic mutations, the ratio of
replacement (R) mutations to silent (S) muta-
tions is 13.0 in CDR and 0.5 in FR (table). A
sequence search revealed that 10 nucleotides in
CDR3 were identical to the core sequence of
D21/7 germline D gene (Fig 1B). Among 37
nucleotides in the most 3' portion of the KRT-1
variable region sequence, 34 were identical to
the germline JH4 gene (fig 1B).
The light chain V gene of KRT-1 showed

highest homology (94.4%) to the germline
HK102 gene in the VÊI family (fig 2). The JÊ1
gene was used in germline configuration (fig
2). Although the R/S ratio in the CDR of the
light chain V gene was lower than in the heavy
chain CDR, it was still higher than the R/S
ratios in FR (table).

Discussion
To understand the mechanism for the produc-
tion of IgG RF in rheumatoid arthritis patients,
we generated a B-cell clone (KRT-1) that pro-

duced a monoreactive IgG4 RF with high
aYnity. Although IgG4 is a minor component
in the total serum IgG pool (approximately
5%), it has been reported that the circulating
IgG RF in rheumatoid patients is primarily
composed of IgG1 and IgG4.4 There have
been five reports describing the molecular
characterisation of nine monoclonal IgG RF8–

12; among these rheumatoid factors, only one is
of the IgG4 class.10

A homology search revealed that the KRT-1
VH gene had the highest homology (90.5%)
with germline gene VH26. Since the germline
VH sequences of the individual from whom
KRT-1 was derived were not determined, there
of course remains a possibility that the KRT-1
VH sequence was derived from a germline
gene as yet unidentified or from a highly poly-
morphic gene. Recently, we have determined
the VH sequences of 27 IgM B cell lines
expressing the genes of VH3 family, in which
the VH26 gene is included.7 13 Except for the
two sequences which showed 92.4% and
94.2% homology, respectively, the other 24
IgM VH sequences had more than 96%
homology with known germline genes (18
sequences had more than 99% homology with
known germline genes).7 13 As such, the diVer-
ences between the KRT-1 VH sequence and
the most homologous VH26 sequence are at
least partly derived from somatic mutations.
Most recently, a contribution of the constant

region of IgG4 to RF activity was reported.14

Thus it may be possible that the RF activity of
KRT-1 is also attributed to the IgG4 constant
region. IgG4 antibodies have been found to be
induced by chronic antigenic stimulation.15

Prevalence of IgG4 subclass in IgG RF in
rheumatoid arthritis patients may reflect
chronic antigenic stimulation in the disease
process. Accumulation of replacement muta-
tions in the CDRs in KRT-1 may support such
a notion. Since the complement activating
capacity of IgG4 is weaker than other
subclasses, the pathogenic role of IgG4 RF
seems to be limited compared to RF of other
IgG subclasses. Rather, the presence of IgG4
RF may be the result of the longstanding
immunological abnormalities. Further investi-
gation examining the relations between IgG4
RF and clinical features such as disease
chronicity and response to treatment may help
to reveal the pathogenic significance of IgG4
RF in rheumatoid arthritis.

We appreciate Ms S Kurumada for excellent technical
assistance and Prof M W Schein (Rockville, MD, USA) for
reviewing the manuscript.
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Unusual but memorable

Series editor: Gary D Wright

This 45 year old woman with
systemic lupus erythematosus de-
veloped painful subcutaneous swell-
ing of her left hidfoot. The lesion
eventually healed with resulting
marked loss of subcutaneous tissue
(figure). Panniculitis is uncommon
in lupus. Its frequency is approxi-
mately 2-3% and it may develop
before, with, or after the onset of
discoid or systemic lupus. Frequent
sites of involvement include the
arms, buttocks, head, neck, and
thighs. Typical presentation is of
deep subcutaneous nodules or
plaques with superimposed epider-
mal changes of atrophy, ulceration,
erythema, or poikiloderma. Histopathology reveals hyaline necrosis of fat and lymphocytic infiltrate
around blood vessels and subcutaneous tissues.1 Calcification may be noted in old established lesions.
The panniculitis tends to follow a chronic course with recurrences and remissions; resolution is com-
monly accompanied by large areas of depression and lipoatrophy.2

1 Sanchez NP, Peters MS,Winkleman RK. The histopathology of lupus erythematosus panniculitis. J Am Acad Dermatol
1981;5:673–80.
2 Peters MS, Su WPD. Lupus erythematosus panniculitis. Med Clin North Am 1989;73:1113– 26.
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