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A somatically mutated VKIV gene encoding a human rheumatoid
factor light chain

A. GAUSE, R. KUPPERS* & R. MIERAUt I. Medizinische Klinik, Universitdtskliniken des Saarlandes, Homburg/Saar,
*L Medizinische Klinik, Universitdt Koin D-5000 Klin, and tRheumaklinik Aachen, Aachen, Germany

(Acceptedfor publication 27 January 1992)

SUMMARY

The light chain ofan IgA K rheumatoid factor (RF) produced by a hybridoma derived from a patient
with rheumatoid arthritis (RA) has been shown to belong to the VKIV family. This RF light chain has
31 nucleotide differences compared with the single VKIV germline gene reported for the human
genome. The patient's VKIV germline gene was sequenced, using the polymerase chain reaction
(PCR), and shown to be identical to that previously reported. This demonstrates that the RF light
chain is the product of a somatically mutated gene. A comparison with other known VKIV sequences
shows that the RF light chain has more replacement mutations than most of the known VKIV light
chains.

Keywords rheumatoid arthritis rheumatoid factor somatic mutation immunoglobulin V gene

INTRODUCTION IgA RF [11]. The V-region genes encoding the heavy and light
Classical rheumatoid factors (RF) are IgM autoantibodies with chains of this RF were sequenced. The expressed VHI gene is
specificity for the Fc-region of IgG. RF may also occur as related to two other VH genes used by RF [12,13]; however, the
'natural' antibodies that are thought to be a normal physiologi- corresponding germline gene is not known. In contrast, the light
cal component of the immune system [reviewed in 1]. In certain chain is a VKIV gene differing in 31 nucleotides from the
diseases, however, RF of different isotypes [reviewed in 2] may published germline sequence. As it is known that the VKIV gene
be produced which are a hallmark of a pathological tissue family has only one member [14,15], the nucleotide differences
damaging state, e.g. in the course of rheumatoid arthritis (RA) must be due to somatic mutations or to polymorphism of the
or Sjbgren's syndrome. VKIV gene in the human population. In order to discriminate

Serological protein sequencing and DNA sequencing studies between these two mechanisms, we sequenced the correspond-
have shown that cryoglobulins with RF activity preferentially ing germline gene of the patient from whom the IgA RE
use a restricted set of VKIII light chains encoded by unmutated producing hybridoma was derived.
or minimally mutated germline genes [reviewed in 3-5]. The
corresponding heavy chains show a greater diversity of VH gene MATERIALS AND METHODS
usage.

The cross-reacting idiotypes that characterize the light and DNA preparation
heavy chains of paraproteins with RF activity have been Peripheral blood mononuclear cells were prepared from 20 ml
demonstrated at significantly lower frequencies among RF heparinized blood by centrifugation on Ficoll-Hypaque. DNA
produced by hybridomas established from synovial B cells of was prepared from the supernatant of a guanidinium/CsCl
RA patients [6-8]. A greater heterogeneity of RF from RA centrifugation for RNA isolation [16]. The supernatant fluid
patients is further shown by their use of different isotypes and was dialysed against TE (10 mM Tris-HCl, pH 8 0, 1 mm EDTA)
lambda light chains in addition to kappa chains [9]. This followed by three extractions with phenol/chloroform/isoamyl-
diversification ofRF in RA patients leads to the hypothesis that alcohol (25:24: 1), one extraction with chloroform/isoamyl-
these human RF are selected by an unknown antigen and have alcohol (24: 1) and precipitation with ethanol.
undergone somatic mutations in analogy to the MRL/lpr mouse
model, where clonal expansion and accumulation of somaticmutationsin antiboy V regios could e demonstated [101 TPolymerase chain reaction (PCR)
mutations in antibody V regions could be demonstrated [10]. OehnrdnngasDAwr sdfraPRwt n

We wre ale tchaacteizea huan hteroybrioma oligonucleotide complementary for the 5' untranslated region
derived from B cells of a patient with RA which is producing an (5'CGGGCCGTTTGCATTGTGAACTGAGC 3') and one

Correspondence: Angela Gause, I. Medizinische Klinik, Universi- for the 3' spacer and nonamer germline region (5'
taitskliniken des Saarlandes, D-6650 Homburg/Saar, Germany. GGTTTGTGTTCGAGGCTGAAG 3'). The PCR was per-
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formed with 250 nM of each oligonucleotide, 02 mm dNTP, 50 ment: stop: silent mutations is 7: 1: 1 for AAG and AAA, 8:0:1
mM KCl, 10 mm Tris, pH 8-4, 1[5 mM MgCl2 and 2-5 U Taq for AAC, AAT and AGC, 6:0:3 for ACX, GCX and CCX and
polymerase (Cetus). The enzyme was added after a pre- 9:0:0 for ATG, and so on. The ratios of replacement: stop: si-
incubation of 5 min at 960C, followed by 2 min at 550C and 1 lent mutions for every codon of the VKIV germline sequence
min at 720C. The following programme consisted of 30 cycles of were added and the ratio of the sum of replacement and stop
30 sec at 950C, 30 sec at 550C and 90 sec at 720C. The synthesis mutations to silent mutations was calculated for the whole gene
was finished with 5 min of incubation at 720C. and for framework and CDR regions separately.

Cloning and sequencing R
The PCR product was controlled by electrophoresis in a 1% ESULTS
agarose gel and prepared by electrophoresis in 2% low melting VKIV germline sequence
agarose (NuSieve, Biozym). The excised band was isolated with Figure I shows the consensus sequence of eight independent
a geneclean kit (BIO 101) according to the recommendations of clones of the patient's VKIV germline gene derived from
the manufacturer. For dG-tailing the purified band was incu- genomic DNA of peripheral blood mononuclear cells. It is
bated with 140 mm cacodylic acid, 30 mm Tris-HCl, pH 6-8, 1 identical to the published germline sequence. In more than 3000
mM MnCl2, 67 nm dGTP, 0-1 mm DTT with TDT (Pharmacia) bp sequenced there are only six individual nucleotide differences
for 20 min at 37°C. dG-tailed cDNA was annealed to a Pstl cut at different positions. There are four exchanges from T to C
and dC tailed pTZ19U vector [17]. Escherichia coli strain DH5 (nucleotide positions -157, -141, 97, 234) and two exchanges
alpha was transformed with the annealed plasmid using the from A to G (nucleotide positions -18, 26) as typical artefacts
procedure of Hanahan [18]. Colonies with plasmids containing caused by infidelity of the Taq polymerase [19]. As there are at
inserts of the expected length were expanded and plasmids least seven identical nucleotides at the same position which are
prepared from about 20 ml cultures. dsDNA sequencing was derived from independent clones from the same reaction, it can
carried out with SequenaseTM Version 2.0 (USB) with the same be assumed that the sequence is determined correctly and
primers as used for the PCR. polymorphism of the patient's VKIV germline gene can be

excluded.
Calculation of the ratio of replacement to silent mutations
Assuming that point mutations occur randomly over the whole Comparison of the mutated light chain with published sequences
V gene an expected ratio of replacement to silent mutations can Figure 2 compares the deduced amino acid sequence of the IgA
be calculated according to the nucleotide composition of the RF P61B27 with the germline amino acid sequence and with
VKIV germline gene. This calculation is based on the assump- other published VKIV amino acid sequences. The P61 B27 amino
tion that at every position of the codon a point mutation can acid sequence is one of the sequences with most amino acid
result in being replaced by three other different nucleotides. One exchanges (19/95) of all VKIV light chains known up to now
such exchange can either lead to a replacement mutation which [summarized in 20,21]. Only DA-H and DA-N which are
results in a different amino acid or a stop codon or can leave the derived from an IgA/IgG paraprotein [22] have relatively more
coded amino acid unaffected. For example the ratio of replace- amino acid exchanges (7/25 and 7/32, respectively). For some

-20 Leader -4
RAgI G GCA GGC AGG GGC AGC MG ATG GTG TTG CMG ACC CMG GTC TTC ATT TCT CTG TTG CTC TGG ATC TCT G gtg egg sat tam - gtg cca cag tct ttt cag agt -195

P61B27

RAfg eat atc tgt gta gaa ata eas eea att asg ata tag ttg gaeate etg act stt tcc eat atg gat cca att etc tgc tga ctt ate ate cta cta ge agc 88 ttt -87

-4 1 FRI
RA9g ae tga cat att tcs att ate tct gag aca gcg tgt ata agt tta tgt at. atc att gtc cat tac tga cta cag GT GCM TAC GGG GAC ATC GTG ATG ACC CMG TCT 21

g6 B2 - -- --P61127 C-C

8 20 -CD1 -----------30-------'---------- 34-
RAgL CCA MC TCC CTG GCT GTG TCT CTG GGC GMG MGG GCC ACC ATC MC TGC MG TCC MGC CMG AMT GTT HA TAC MGC TCC MAC MT MG MC TAC TTA GCT TG6 TAC CM 129

P61B27 --- --- --- --- T-- --- --- --- --- --- --- -T- --- G-- --- --- --- -TG --- --- --- --- --- T-- --- --- --AT-- C-- --- --- --- --- --- -T- ---

38 FR2 -50-2------------------- 60 F3 70
RAMg CM AM CCA GGA CMG CCT CCT MG CTG CTC £TT TC T6G GCA TCT ACC CGG GM TCC G6G GTC CCT MC CGA TTC MT GGC AMC GGG TCT GGG MA MT TTC ACT CTC 237

P61B27 --A --C --- --- --- --- --- --A --C --- ------T--- --T --- 6-- --A C-- --- --- --- --- -C- --- --- -TG --- --- --- --- --- --- --A --- -G- ---

74 Mb ---0CR3-90------
RAEg ACC ATC MGC AMC CTG CMG GCT MA MAT GTG GCA GTT TAT TMC TGT CM CM TAT TAT AGT ACT CCT CC 305

P61B27 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --A--- --- --- MA- T-- A-C

Fig. 1. The VKIV germline sequence ofthe patient with rheumatoid arthritis (RAg 1) shown as consensus sequence of 8 individual clones.
In positions -157, -141,97 and 234 (underlined) the thymidine was substituted by a cytosine in one of eight sequences, in positions -18
and 26 adenosine was substituted by guanidine in one of eight sequences by mis-incorporation through the Taq polymerase. The
consensus sequence is compared to the published germline sequence (gi) [14] and to the RF sequence (P61B27) [11]. Numbering is
according to Kiobeck [14], numbers at the ends of the lines designate nucleotides, numbers above the sequence designate amino acids,
the asterisks designate additional amino acids in CDR1I characteristic for the VdIV family. The intron sequence is given in lower-case
letters.
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Leader FRI -----------CDR1--------------- FR2
1 10 20 30 * ** * * * 34 40

Vk4km G A Y G D IV N T Q S P D S L A V S L G ER A T I NC K S S Q S VL Y S SN N KN Y L AUYQO K P GQP P K L L I Y
P61B27 - - S - - - - L - - - - - - - S - - - - - - V - V - - - L - - - - - H - - - K Q - - - - - F - - N - - - - - - - - - -

VJI - - - - - -_
BI7k1V - - - - - - - - - - - - - - - - - - - - - - - - - - - - I - - - - D - - - - - - - - - - - - - - - - - - - - -

LEN - - - - - - - - N - - - - - - - - - - - - - - - - - - - - - - - - - S - - - - - - - - - - - - - - - - - - - -

DEP - - - - - - - - E - - - - - - - - - - - - - - - - - - - - L - - T- - - - - - - V- - - - - V K - - - - Q - -
FUE - - - - - - - - - - - - - - - - - T - - - - - - - - - R N - - - - - T - - S - - - - - - - - - R- - - E - - -

RK *-
L.TH - - - L - - - - - - - - - - -

TUR - - - - - - - - S - - - - - - - - - - - - S - R - - - - -

JAH - - - - - - - - - T - - -

SCH - - - - - - - A T - - -
JUV - L- - - - - - N - - -

GAB - - - - - - - *
DA-H - - - - - - - - - - - - - - P - D O - - V S - QA
DA-N - -- L Q - - - - - - - - - - - D L - - L S - Q A - - - - - - -

LCDD - - - - - - - - - - - - - - - - - - - - - - - - - - - - L - - F F - P - - - - - - - - - - - - - - - - - - - - - -

-----CDR2----- FR3 -------CDR3-------
50 60 70 80 90

Vk4kin UA S T R E S G V P D R F S G S G S G T D F T L T I S S L QA E D VA V Y Y C Q 0 Y Y S T P Y T
P61B27 - - - A - a- - - - A - - N - - - - - - E- S - - - - - - - - - - - - - - - - - - - - D ST
VJI - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - D T I -

B17kIV - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - N L-
Len - - - - - - - _
DEP - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --- - H - S-
FUE - - - - - A - - - - - - - - - - - - - - - - - - - - T - - - - - - - - - - - - - E - - L --
LCDD - - - - - - - - - - - - - - - - - - - - N - - - - - - R - - - - - - - - - - - - - - - T - L

Fig. 2. Comparison of the deduced amino acid sequence of the P61B27 light chain to all other published VKIV sequences [20-24].
Numbering is according to Kabat et al. [20], where most protein sequences are summarized.

Table 1. Distribution of nucleotide and amino acid exchanges of position 50 to 56, and CDR3 from position 88 to 95. For the
the P61 B27 light chain over framework (FR) and complementar- P61 B27 sequence the ratio of replacement to silent mutations is
ity determining regions (CDR) compared with the distribution 1 5: 1 for all CDR and 1-6: 1 for the FR regions; these values are

expected for the lengths of these regions clearly lower than expected if the somatic mutations had

occurred randomly. The calculation of the ratio of replacement
Nucleotide Amino acid Replacement/ to silent mutations for the VKIV germline gene produces a ratio
exchanges exchanges silent of 3-46:1. Calculated for each region it is 2-9:1 for FRI, 4-7:1

for CDR1, 3'8: 1 for FR2, 2-7:1 for CDR2, 3-2: 1 for FR3 and
CDR 16/96 9/32 1-5 5:1 for CDR3.
FR 15/207 10/69 16
CDR expected 10/96 6/32 4 1
FR expected 21/207 13/69 32 DISCUSSION

Our previous work had revealed 31 nucleotide exchanges in the

Replacement/silent gives the ratio of replacement to silent VKIV light chain gene of an IgA RF hybridoma, compared with
mutations calculated for the P61 B27 sequence and the one the known human VKIV germline gene [I 1]. However, in order
expected for the VKIV germline gene if point mutations occurred to exclude polymorphism in the human population as the
randomly. underlying cause of the sequence differences, it was necessary to

sequence the corresponding germline gene of the patient from
whom the hybridoma had been derived. For the VKIV gene this

proteins autospecificity is reported, e.g. DEP and FUE areIgM could be accomplished using PCR, since there is only one

paraproteins with anti-myelin activity [23] and RK and L.TH human germline gene of the VKIV family [14,15].
are IgM paraproteins with cold agglutinin specificity [24]. A RF Although there are some RF light and heavy chains reported
specificity of an antibody with a VKIV light chain has not been which differ from known germline genes, there is so far no direct
reported. comparison of a gene encoding a RF with the germline gene of

the same individual [12,25-27]. While we present the sequence of
Analysis ofsomatic mutations of the RF light chain a single chain of one RF, our findings are of importance to the
By absolute numbers the distribution of nucleotide and amino recent discussion on the biological significance of RF, for the
acid exchanges is equally distributed over the framework (FR) following reasons. Most of the RF sequenced so far are encoded
and complementarity determining regions (CDR) (Table 1). by V genes of the larger V gene families (VKIII or VHI). In these
Relative to the lengths of the regions there are, however, more cases it cannot be determined whether sequence differences are
exchanges in the CDR (32 amino acids with 96 nucleotides) than derived from somatic mutations, from variability of V-gene
in the FR regions (69 amino acids with 207 nucleotides), when family members or from polymorphism in the human popula-
CDR 1 is regarded as running from position 24 to 34 plus the six tion, as the corresponding germline genes from the same patient
additional amino acids typical for the VKIV gene, CDR2 from are not known. Although sequencing of germline genes using
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PCR is easy, the number of clones that must be sequenced for
statistical reasons is increasing with increasing size ofthe V-gene
family. As the exact number of family members is not known for
the large human VH-gene families (e.g. VHI and VHIII), this
approach becomes practically impossible.

Recent publications concerning the sequences of V genes
encoding RF from patients with RA also present strong
evidence that some RF from patients with RA differ from those
from patients with lymphoproliferative disorders and that
somatic mutation is involved in the diversification [12,25-27].
These investigations extend and support earlier serologic studies
of fine specificities and cross-reacting idiotypes of hybridomas
and serum immunoglobulins of patients with RA and healthy
controls [6-9,28,29].

The finding of unmutated germline V-region genes in a RF
producing hybridoma of a patient with RA [30] does not
contradict the above findings as the somatic diversification
starts from unmutated germline genes so that these genes and
RF with the typical cross-reacting idiotypes should also be
found.

Investigations in the mouse [reviewed in 31 ] revealed that the
process of somatic mutation is driven by antigen selection and
accompanied by the isotype class switch during the process of
clonal expansion. Therefore, the fact that the RF we analysed is
an IgA isotype fits well with the finding of a somatically mutated
V region.

Although the distribution of replacement and silent
mutations are not comparable, the number of somatic
mutations in the P61 B27RF light chain (31 nucleotide
exchanges and 19 amino acid exchanges) is comparatively high
and in the range of that of secondary response antibodies
analysed in the mouse. The distribution of the mutations shows
a predominance of nucleotide and amino acid exchanges in the
CDR when the length of the regions is taken into account (Table
1). The ratio of replacement to silent mutations of 16: 1 is,
however, lower than expected if somatic mutations were
introduced randomly. A low rate of replacement to silent
mutations argues for the conservation of certain amino acids by
selection through an unknown mechanism.

By analogy with anti-DNA antibodies of IgG isotype in
patients with systemic lupus erythematosus [32], these data
suggest that the disease process ofRA leads to somatic mutation
of genes encoding RF and class switch to IgA and IgG isotypes
occurs with the production of affinity maturated RF that
accelerate the disease process, e.g. by immune complex forma-
tion, deposition of immune complexes and exacerbation of
inflammation. In a mouse model of RA, the MRL/lpr mouse,
oligoclonal expansion of somatically mutated RFs analogous to
a secondary antigen-driven response was demonstrated [1].
Biochemical studies on immunoglobulins in synovial fluid and
serum already indicate a quantitative predominance of certain
clones [33,34].

Further confirmation of an antigen-driven immune reaction
in RA requires studies on more RF from RA patients and the
demonstration of clonal relation and expansion of RF-produc-
ing cells in humans.
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