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Diversification of the Ig Variable Region Gene Repertoire 
of Synovial B Lymphocytes by Nucleotide Insertion 
and Deletion
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Although the changes that occur in Ig V region genes during a B lymphocyte’s response to antigen usually result from point
mutations, nucleotide insertion and deletion also alter gene sequence. We identified nucleotide insertions and deletions (3 to
12 bp) at a frequency of 1.34%, in Ig V gene cDNA from B lymphocytes residing in the synovial tissues of patients with rheuma-
toid arthritis. Because the added or lost nucleotides occurred in multiples of 3, they maintained the original reading frame
and coded a potentially intact receptor. These V gene modifications were generated somatically, because they were iden-
tified in the original cDNA by HCDR3-specific polymerase chain reaction and were not found in other B cells using the same
VH genes. Insertions and deletions were detected only in IgG+ and IgA+ transcripts, which exhibited 3 times more point muta-
tions than IgM+ transcripts. In addition, they were usually found in the complementarity determining region, typical targets
of somatic mutation. The occurrence of insertion/ deletion in isotype-switched cDNA with higher numbers of V gene muta-
tions that localized to hot spots for V gene mutation suggests that these diversification events were related to the somatic
hypermutation process. In support of this, an AGY hot spot motif and a short stretch of DNA similar in sequence to the insert-
ed or deleted segments could be found next to the insertions/deletions, suggesting that these modifications arose from DNA
duplication following DNA stand breaks. Thus, nucleotide insertion/deletion can lead to B-cell receptor diversification in
B lymphocytes that clonally expand in synovial tissues of patients with rheumatoid arthritis.

INTRODUCTION

The generation of antigen binding diversity occurs at 2 distinct
phases of B lymphocyte development. The primary antigen bind-
ing repertoire evolves in the bone marrow with the rearrange-
ment of V, (D), and J elements followed by association of Ig H and
L chains (1,2). This process is evolutionary because the initial set
of V, (D), and J elements can be modified by a process of second-
ary rearrangements if the initial antibody produced does not act
as an acceptable or beneficial receptor. This process is termed
receptor editing (3–5). B cells with acceptable antigenic specifici-
ties then proceed to the periphery as functional lymphocytes.

In peripheral lymphoid structures, these B cells mature fur-
ther and evolve V region modifications that expand antigen-bind-
ing diversity within (6), and probably outside of (7–9), classical
germinal centers. These V region changes occur via several mech-
anisms: point mutation (6), gene replacement (3–5,10–13), and
nucleotide insertion and deletion (14–16). Although these recep-
tor modifications could lead to autoreactivity, they do not nor-
mally lead to permanently viable B cells with self-reactive recep-
tors because of relatively stringent selection processes that favor
reactivity with foreign antigens and abort B cells with significant
avidity for autoantigens. In certain autoimmune disorders, inef-

fective selection against autoreactivity may occur because of
genetic or acquired defects in immunoregulation.

B lymphocytes and their products play an essential role in the
pathogenesis of rheumatoid arthritis (RA) by perpetuating and
potentiating chronic, destructive inflammatory synovitis (17). The
proinflammatory activity of B cells relates to their activity in pre-
senting antigen to T cells and in producing antibodies with
autoantigenic specificity to human IgG (rheumatoid factor [RF])
(18,19) and to other less well-defined tissue antigens (20,21) and
possibly environmental antigens (22–24). In addition, data
derived from a novel animal model suggest that specific B lym-
phocyte clones and their secreted antibody may play a role in the
initiation of an RA-like syndrome (25–27).

In RA, the expanding B lymphocyte clones can diversify their
Ig V genes (28–30) locally in the synovium (29,31). While study-
ing the clonally amplified B lymphocytes in the synovial tissues
of RA patients, we identified VHDJH cDNA clones that exhibited
nucleotide insertions and deletions. Because these nucleotide
insertions and deletions occurred in multiples of 3, they main-
tained the original reading frames and could code an effective Ig
molecule and B-cell antigen receptor. The majority of these
changes occurred in isotype-switched B cells, within the hyper-
variable regions at trinucleotide hot spots for somatic mutation
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(AGY motifs). Because “misalignment feet” motifs (32–35) and
palindromic sequences were frequently found near these inser-
tions and deletions, DNA polymerase slippage, which occurred
during the repair of DNA strand breaks induced by the hyper-
mutation process, may have led to these V gene modifications.

MATERIALS AND METHODS

Synovial Mononuclear Cell Preparation
The Institutional Review Board of North Shore University Hospi-
tal, Manhasset, NY, and Long Island Jewish Medical Center, New
Hyde Park, NY, approved these studies. Synovial tissue was
obtained at the time of surgery from 2 patients who fulfilled the
American College of Rheumatology criteria for the diagnosis of
RA (36). Each sample was minced and digested to obtain single
cell suspensions as previously described (30). Mononuclear cells
were isolated from these cell suspensions by density gradient cen-
trifugation using Ficoll-Paque Plus (Amersham Pharmacia Biotech
AB, Uppsala, Sweden). Isolated mononuclear cells were cryopre-
served as viable cells in 10% dimethyl sulfoxide using a program-
mable cell-freezing machine (Thermo Forma, Marietta, OH, USA).

RNA and cDNA Preparation
Total RNA was extracted using Ultraspec RNA (Biotech Laborato-
ries, Houston, TX, USA). One microgram of RNA was reverse tran-
scribed to cDNA in a 20 µL volume of 50 mM Tris HCl (pH 8.3),
75 mM KCl, 3 mM MgCl2, 10 mM dithiothreitol, containing 10 U/µL
Moloney murine leukemia virus reverse transcriptase (Invitrogen,
Carlsbad, CA, USA), 0.05 U/µL RNase inhibitor (5 Prime 3 Prime,
Boulder, CO, USA), and 1 µM oligo dT primer. These reagent mix-
tures were incubated at 42 °C for 1 h, heated to 65 °C for 10 min to
stop the reactions, and then diluted 5-fold with distilled water.

Polymerase chain reaction (PCR) Amplification of Ig VH
cDNA
cDNA was amplified using VH family-specific framework region
(FR)1 sense primers or one of the sense VH family-specific leader
primers paired with either a Cµ, Cγ, or Cα antisense primer (37).
Cycling conditions for the FR1-CH primers were denaturation at
94 °C for 40 s, annealing at 65 °C for 45 s, and extension at 72 °C for
40 s, and repeated for 35 cycles. Cycling conditions for the VH L-CH
primers were denaturation at 94 °C for 45 s, annealing at 62 °C for
30 s, and extension at 72 °C for 45 s, and repeated for 35 cycles.

Construction of cDNA Libraries and Sequencing 
of Selected Clones
VH-specific DNA and VH-, CH-specific cDNA libraries were gen-
erated from PCR products as described (37). Each PCR product
(10 ng) was ligated into pCR2.1 vector and transformed into TOP-
10F′ competent cells, using the TA cloning kit (Invitrogen, San
Diego, CA, USA). EcoRI restriction enzyme-digested plasmid
DNA fragments were analyzed on 1.0% agarose gels. Inserts with
the correct size were sequenced. The obtained sequences were
analyzed with MacVector and GeneWorks software programs
(Oxford Molecular Group, Campbell, CA, USA). To determine the
corresponding genomic DNA sequence, V BASE (MRC Centre for

Protein Engineering, Cambridge, UK, http://www. mrc-
cpe.cam.ac.uk/imt-doc/restricted/ok.html) was used. All VH
gene sequences discussed in this study have been entered in Gen-
Bank under accession numbers (AY392842-AY393208, AY393218-
AY393595).

Calculation of Minimum Free Energy of Adjacent DNA
Sequences
The calculation of minimum free energy is based on the dynamic
programming algorithm (38,39) using the DNA parameters pro-
vided by SantaLucia Jr (40), which include those for non-canonical
base pairing, for example, G-T (41). The calculations were made
using Vienna RNA Package Web site (http://www.tbi.univie.ac.
at/~ivo/RNA/).

RESULTS

Nucleotide Insertions
We analyzed cDNA sequences of 745 clones derived from synovial
tissues of 2 RA patients (RA702 and RA129). Two hundred six of
these clones were of the IgM isotype, 263 of the IgG isotype, and
276 of the IgA isotype. Of the 745 clones, 6 (0.81%) exhibited VH
sequence changes consistent with nucleotide insertions (Table 1).
Insertions were found in clones expressing several different VH
families (VH 1, 2, 3, 4, and 6). Each of these clones contained iso-
type switched CH (2 γ and 4 α constant regions; Table 1).

All nucleotide insertions occurred as multiples of 3 base pairs
(3 to 12 bp; boxed on Figure 1) and none generated a stop codon;
therefore, they maintained the original reading frame and had the
potential to code an intact receptor. These findings are not unex-
pected because our analyses were performed on cDNA. In gen-
eral, these inserted nucleotides resembled duplications of an
immediately adjacent nucleotide segment. In 2 cases, the inserted
duplication was an exact replica of the germline sequence (clones
RA702-A6-27 and RA129-G1-54, see circled sequences on Figure
1A and 1B). In the other 4 instances, these apparent duplications
differed from the germline at individual nucleotides; these
nucleotide differences ranged from 1 to 4 per segment (for exam-
ple, clones RA702-A4-28, RA129-A6-23, RA702-A3-27, and
RA702-G2-10; circled on Figure 1C through 1F).

Nucleotide Deletions
In addition to insertions, 4 of the original 745 clones exhibited VH
sequence changes consistent with nucleotide deletions (0.54%).

Table 1. Frequency of insertion and deletion detected in synovial
tissue VH clones

IgM (206)a IgG (263)a IgA (276)a Total (745)a

Insertion 0% 0.76% (2)b 1.45% (4) 0.81% (6)

Deletion 0% 1.14% (3) 0.36% (1) 0.54% (4)

Total 0% 1.90% (5) 1.81% (5) 1.34% (10)

aNumber of clones sequenced.
bNumber of clones exhibiting either insertion or deletion is found within the paren-
theses.
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Three of the clones with deletions expressed γ constant regions and
1 clone expressed an α constant region (Table 1). Figure 2 shows
that these deletions varied in length from 3 to 18 nucleotides (boxed
in Figure 2). Like the insertions, each deleted sequence comprised
a multiple of 3 nucleotides, and therefore could code a productive
rearrangement.

Location of the Insertions and Deletions
The insertions and deletions detected in these synovial B cell
cDNA samples were not randomly distributed along VH. Most

insertions occurred in the hypervariable regions (Figures 1 and 2).
RA702-A3-27 (see Figure 1E) exhibited an insertion just upstream
of the FR1-complementarity determining region (CDR)1 junction,
whereas RA129-G1-54 and RA702-G2-10 had insertions in CDR1
(see Figure 1B and 1F) and RA702-A6-27, RA702-A4-28, RA129-
A6-23 contain insertions in CDR2 (see Figure 1A, 1C, and 1D).

Three of the 4 deletions were located either completely or pre-
dominantly within CDRs (see Figure 2). Clone RA129-A1-6 exhib-
ited a 3-bp deletion at the junction of FR1 and CDR1 (see Figure
2A), whereas clones RA129-G1-88 and RA129-G2-48, with 3-bp

Figure 1. cDNA sequences of VH clones with nucleotide insertions. Sequences of 6 clones with nucleotide insertions (A to F) are displayed with their
corresponding germline sequences. CDR, FR, and H regions are marked. Amino acid sequences are also indicated. The inserted nucleotides and
amino acids are boxed, and the duplicated sequences are circled. Mismatches between the most similar germline genes and the identified
rearranged VHDJH genes are shown with *. Mutations within duplicated sequences are indicated by ∧. AGY sequences adjacent to the insertions are
shown in bold font. Amino acid sequence numbers of the deduced V region protein are shown in parentheses.
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and 6-bp deletions, respectively, had losses in CDR2 (see Figure
2B and 2C). The one exception was the 18-bp nucleotide deletion
identified in the clone RA129-G1-71, which was located in FR3
region (see Figure 2D).

Two schemes are used to describe the hypervariable and likely
antigen-contact regions of the VH segment. The Kabat system
(CDR1, CDR2, and CDR3 [42]) is based on sequence variability,
and the Chothia system (H1, H2, and H3 [43]) is based on the loca-
tions of structural loops. Although these regions are very similar
in location, they do not always overlap. Notably, 5 of 6 clones with
insertions are mapped to the H1 and H2 regions (Figures 1 and 3).
Furthermore, the 3 insertions that were identified in CDR2, a
region of 48 to 57 nucleotides in length, all clustered in the H2
region, a much more restricted area of only 15 to 24 nucleotides at
the 5′ end of CDR2 (Figure 3). In agreement with the insertions, all
3 of the CDR-associated deletions clustered in the H1 and H2
regions (Figures 2 and 3).

Nucleotide Motifs Located At or Near Insertions 
and Deletions
The inserted sequences were highly homologous or identical to
short sequences close to (either upstream or downstream from)
the insertion site (Figure 4A—shaded in gray and black, discon-

tinuous in some instances). Other investigators have referred to
these sequences as “misalignment feet” (32–35). In clones with
deletions, similar “feet” can be identified next to the deletion sites
(Figure 4B—shaded in gray and black, discontinuous in some
instances).

All of the clones contained palindromic sequences within the
sites of insertion (see Figure 1). The lengths of these palindromes
and their degrees of complementarity varied from 3 to 7 nucleo-
tides. Examples of palindromic sequences in 2 clones with an
insertion are depicted in Figure 4A. The palindromes were either
primary, because they existed in the VH germline sequence, or sec-
ondary, being generated somatically by mutation (data not
shown). Similarly in each of the clones with deletions, palindromic
sequences, with lengths of 3 to 21 nucleotides, existed within the
deleted sequences (see examples in Figure 4B). These palindromes
could form stem-loop structures with varying stretches of comple-
mentarity and with varying free energies of association (see Figure
4A and 4B). In 7 of 10 instances, the minimum free energies (cal-
culated as kcal/mol) differed between the proposed stem loops of
the DNA strands, suggesting that the duration of structural stabil-
ity of the loops in the 2 strands could vary.

Finally, AGY trinucleotides (44,45) are located adjacent to all but
1 of the insertions and deletions detected (see bolded portions of

Figure 2. cDNA sequences of VH clones with nucleotide deletions. Sequences of 4 clones with nucleotide deletions (A–D) are displayed with their cor-
responding germline sequences. CDR, FR, and H regions, and amino acid sequences are indicated as in Figure 1. The deleted sequences and amino
acids are boxed (�). AGY? underlies an AGA site that is similar to a canonical AGY sequence.
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Figures 1 and 2). The only clone that does not display an accurate
AGY motif at or in the site of insertion or deletion is RA129-G1-88
(see Figure 2B). An AGA is located at the deletion site in this clone.

Verification
To assure that the inserted and deleted sequences were not in vitro
artifacts of either PCR or cloning, we designed HCDR3-specific
anti-sense primers for a clone containing an insertion (RA702-G2-
10) and a primer expressing a deletion (RA129-G2-48) to search for
these variants in the original cDNA samples. Because both of these
specific primers are located at the 3′ end of the HCDR3, the 5′ por-
tion of each D segment and the unique nucleotides at the VH-D
junctions serve as “signature sequences” (highlighted on Figure 5)
to assure the identity of the respective clones.

Using the original cDNA as templates, PCR were performed
with these anti-sense primers and the appropriate VH FR1 family-
specific primers. PCR products were cloned and sequenced to
verify independently the existence of the inserted and deleted
nucleotide sequences. Using the RA702-G2-10 specific primer set,
31 clones were sequenced; all were identical to each other and to
clone RA702-G2-10. This identity included the 12-bp insertion
and the 5′ HCDR3 signature sequence (see Figures 1 and 5). Like-
wise, using the RA129-G2-48 specific primer, 6 clones were
sequenced and each contained the identical nucleotide deletion

and the HCDR3 signature sequence of clone RA129-G2-48 (see
Figures 2 and 5). These results strongly support the conclusion
that the insertions and deletions detected in this study were not
technical artifacts, and that these VH variants were present in
clonally active and possibly expanded B cells.

Finally, to rule out the possibility that the inserted or deleted
sequences were part of the germline gene complement of these
patients, we examined 6 VH2-26 gene-expressing clones from
patient RA702 (3 IgM, 2 IgG, and 1 IgA) and 58 VH2-05 gene-
expressing clones (8 IgM, 28 IgG, and 28 IgA) from patient RA129.
None of these clones contained the nucleotide additions or dele-
tions observed in clones RA129-G2-48 and RA702-G2-10 (not
shown). These data indicate that the inserted and deleted portions
identified in our study were generated somatically and did not
represent polymorphic variants of the VH2-26 and VH2-05 genes.

DISCUSSION

In this study, we documented the occurrence of nucleotide inser-
tions and deletions (frequency 1.34%) in Ig VH genes expressed by
B lymphocytes in the synovial tissues of patients with RA. This
frequency is consistent with other reports describing insertions
and deletions in normal (34,35) and neoplastic (16) human B cells.
Because the frequency of the changes that occur in synovial tissue

Figure 3. Majority of insertions and deletions map to the H1 and H2 regions. Diagrammatic representation of the nucleotide insertions (shaded dark)
and deletions (shaded light) identified in cDNA clones isolated from synovial tissue of patients with RA from this study (RA-ST), from bone marrow of a
patient with RA (RA-BM), from peripheral B cells of a patient with chronic lymphocytic leukemia (CLL055; [46]), from PBMC (34), from tonsillar B-cell
subsets (35,65), and from the neoplastic cells of patients with Hodgkin’s disease (49). CDR, FR, and H regions are boxed. Numbers indicate the posi-
tions of corresponding amino acids.
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Figure 4. Secondary structure of DNA at sites of insertion and deletion. A: AGY motifs at proposed sites of DNA breaks are shown in red, sequences
used as templates in yellow shade, and duplicated sequences in blue boxes. Misaligned feet sequences are discontinuous and indicated by black
and gray shading. (A-T and G-C are shown in reverse text connected by a solid line; G-T is shown in light gray connected by a dotted line). Putative
mutations introduced after duplication are shown in green. The minimum free energies in kcal/mol are given in parentheses. B: As in A, except that
the deleted sequences are boxed.
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B cells is so similar to that of normal and neoplastic B cells, it is
likely that these insertions and deletions represent the sequellae
of a normal B-cell diversification process and not one that is
unique to RA synovia or to treatments that these patients
received. In addition, these V gene modifications were generated
somatically and were not natural germline polymorphisms
because they could not be found in other clones using the same
VH genes from the same patients. Furthermore, the insertions and
deletions were not artifacts because HCDR3-specific PCR identi-
fied the same insertion or deletion, with the identical HCDR3 sig-
nature sequences, in each instance tested.

Nine of 10 DNA insertions and deletions identified (see Fig-
ures 1 and 2) were located in H regions of the VH gene as defined
by Chothia (43). When we combine the 3 most relevant studies (34,
35, and this report), 37 of 43 (86%) of the insertions or deletions
localize to hypervariable loops of the VH and VL genes (see Figure 3).

Amino acid position 73 in FR3 appears to be a hot spot for
mutation (42). One of our clones contained a deletion located in
FR3 (RA129 G1-71; see Figure 2D). We have also identified in this
region a deletion in a cDNA clone from RA bone marrow cells
(GenBank Nr AY393645), and an insertion in a clone from a
patient with B-cell chronic lymphocytic leukemia (CLL055 [46],
as others have found in tonsilar B cells [35]; see Figure 3). There-
fore, changes in the structural antigen binding loops of the V gene
or in the area of FR3 surrounding position 73 may be more fre-
quent (see below), more tolerable, or more advantageous for B cell
selection than changes in other portions of VH. Significant genetic
changes in other FR areas might lead to a structurally impaired
and dysfunctional B-cell antigen receptor that would not be con-
sistent with surface expression and B-cell survival (47).

Potential Mechanisms of Nucleotide Insertion 
and Deletion
The mechanisms responsible for Ig V gene insertions and deletions
have not been conclusively defined. DNA polymerase slippage
occurring during DNA synthesis is a potential mechanism (35). In
this model, a short stretch of DNA (“foot”) that is complementary
to a sequence upstream or downstream from its normal partner

sequence on the daughter strand is a requisite feature. It has been
suggested that this foot can become misaligned with its upstream
partner to result in a nucleotide insertion or with its downstream
partner to lead to a deletion (34,35). In our cases, such feet can be
found near the insertion or deletion sites, although the comple-
mentary nucleotides are often discontinuous and can span larger
distances than originally described (see Figures 1 and 2). They also
take into account noncanonical interactions such as G-T base pair-
ing, which can form in double stranded regions of ssDNA (48).

Alternatively, nucleotide insertion/deletions could occur by a
similar mechanism at the time of DNA repair during the somatic
hypermutation process. There are several reasons to consider that
DNA breaks, which are essential for somatic hypermutation, may
be involved in these processes—based on our data and that
reported previously by others (49,50).

First, these insertions and deletions occurred only in clones that
had undergone an isotype class switch; none were found in clones
expressing µ H chains. Furthermore, the level of V gene mutation
was much greater among the non-IgM than among the IgM-
expressing clones (IgM: 2.56%; IgG: 7.09%; IgA: 6.93%; Table 2).
These findings suggest a close relationship between DNA insertion/
deletion and isotype switching and somatic hypermutation.

Second, virtually all of these changes were detected in CDRs
or in areas of the FR that are relatively variable and are frequent
targets of somatic mutation.

Third, in 9 of 10 cases, a trinucleotide hot spot (AGY motif)
was found at or in the site of the insertion or deletion. In a case in
which this was not found (RA129-G1-88; see Figure 2B), there is
an AGA at the site of the deletion that differs by only 1 nucleotide
from the canonical AGY. The almost obligate finding of this

Figure 5. Primers used to verify the presence of insertions and deletions in original cDNA. Primers used to verify the insertion identified in clone RA702-
G2-10 (A) and in clone RA129-G2-48 (B) are underlined. The signature sequences are shown in shaded reverse text.

Table 2. Frequency of Ig VH gene point mutations detected in synovial
tissue VH clones

IgM (92)a IgG (138)a IgA (276)a

Point mutations 2.56% 7.90% 6.93%

aNumber of clones sequenced.
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hotspot motif at or in the site of the insertion or deletion is espe-
cially relevant because of the recent suggestion that the somatic
hypermutation process is initiated by activation-induced cytidine
deaminase (AID [51,52]) by deamination of cytidine (C), yielding
uridine. This uridine substitution can lead to an abasic site in
the DNA strand that is then susceptible to cleavage (53). Thus,
AID initiates DNA breaks at germinal centers pairs. In all of our
insertions/deletions, the canonical AGY or the variant AGA motif
(RA129-G1-88) could represent targets for AID-mediated cleavage
of the complementary strand at the 2nd nucleotide (C) in the
motif. In 7 of 10 instances, the pyrimidine C is a component of
the AGY motif on the sense strand that is located at/near the
insertion/deletion site. The involvement of AID in the deletion
process is supported by its proposed role in the deletions required
for class switch recombination (54).

Finally, we identified stretches of DNA (“feet”) on the nicked
strand that are complementary to sequences upstream or down-
stream of the normal partner sequence and also palindromic
sequences next to or upstream of deleted or inserted sequences
(Figures 1, 2, 4). It is conceivable that following ds- (55) or ss- (56)
DNA breaks, presumably involving AID, these palindromes
form DNA hairpin loops that retract or stretch the broken DNA
strand. When the minimum free energies developed in the loops
by these palindromes are calculated (see Figure 4A and 4B),
retraction of the nicked strand into a transient stem loop struc-
ture is often more stable than that of the daughter strand. This
would facilitate misalignment of the DNA feet with inappropri-
ate, complementary sequences on the daughter strand, resulting
in insertions. Similar examples exist for the clones with deletions
(see Figure 4B). In these cases, the hairpins with the greater ener-
gies on the daughter strands could preferentially retract this strand
and maintain the stem loop structure long enough to allow the
feet to misalign to downstream complementary pseudo-partners,
leading to DNA deletions. These minimum free energy differences
between the 2 strands are obvious in 7 of 10 insertion/deletion
cases (data not shown).

We frequently found somatic mutations within the adjacent
palindromic sequences and occasionally in the “feet.” Thus,
mutation may lead to the formation of nucleotide sequences that
provide the opportunity for the proposed misalignment reaction
and resulting insertion or deletion. Such mutations and second-
ary events could account for the deletion detected in clone
RA129-G1-88 in which the germline sequence does not contain
the expected AGY hot spot motif at the site of modification (see
Figure 2B).

Potential Relevance of Nucleotide Insertion/Deletion 
in RA
Nucleotide insertion/deletion offers an additional mechanism for
the generation of antigen-binding diversity within B lymphocyte
populations (57). Because all sequences exhibiting insertions or
deletions could be amplified directly from cDNA of synovial tis-
sue B cells, it is likely that the B cells expressing these altered V
genes were transcriptionally active and clonally expanded. Clonal
expansion requires the variant B-cell antigen receptor to have an
adequate affinity for an antigen found within the joint. In addition,

rescue from apoptosis requires such reactivity. Because in RA Ig V
gene diversification can take place in a microenvironment that
does not normally support B cell maturation (the hypertrophied
and inflamed rheumatoid synovium), the nonphysiologic nature
of this environment could lead to an inefficient maintenance of
tolerance. If self-antigen led to rescue from apoptosis, then any
diversification event could potentially add to the autoantibody
response in RA, as is the case for anti-dsDNA antibodies in murine
SLE (58,59). Alternatively, if the rescuing antigen is a component of
the immune or inflammatory systems, such variants could poten-
tially down-regulate these systems and diminish joint destruction.
IgG would satisfy both of these scenarios; it can be an autoantigen
for RF (18,19), and it can be the target of antibody-mediated
(60–62) and possibly T cell–mediated (63,64) regulatory responses
during normal immune reactions.
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