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Analysis of Expressed and Non-Expressed IGK Locus
Rearrangements in Chronic Lymphocytic Leukemia

CHRYSOULA BELESsI,! KOSTAS STAMATOPOULOS,?2 ANASTASIA HADZIDIMITRIOU,2 KATERINA HATZI,2
TATJANA SMILEVSKA,? NIKI STAVROYIANNL? FOTINI MARANTIDOU,! GEORGE PATERAKIS,>
ATHANASIOS FASSAS,2 ACHILLES ANAGNOSTOPOULOS,? AND NIKOLAOS LAOUTARIS!

Immunoglobulin x (IGK) locus rearrangements were analyzed in parallel on cDNA/genomic DNA in 188 k- and 103 A-chronic
lymphocytic leukemia (CLL) cases. IGKV-KDE and IGKJ-C-infron-KDE rearrangements were also analyzed on genomic DNA. In
k-CLL, only 3 of 188 cases carried double in-frame IGKV-J transcripts: in such cases, the possibility that leukemic cells expressed
more than one x chain cannot be excluded. Twenty-eight x-CLL cases also carried nonexpressed (nontranscribed and/or out-
of-frame) IGKV-J rearrangements. Taking IGKV-J, IGKV-KDE, and IGKJ-C-intron-KDE rearrangements together, 38% of «-CLL
cases carried biallelic IGK locus rearrangements. In A-CLL, 69 IGKV-J rearrangements were detected in 64 of 103 cases (62%);
24 rearrangements (38.2%) were in-frame. Four cases carried in-frame IGKV-J transcripts but retained monotypic light-chain
expression, suggesting posttranscriptional regulation of allelic exclusion. In all, taking IGKV-J, IGKV-KDE, and IGKJ-C-intron-KDE
rearrangements together, 7% of A-CLL cases had af least 1 rearranged ICGK allele, in keeping with normal cells. |G repertoire
comparisons in k- versus A-CLL revealed that CLL precursor cells fried many rearrangements on the same IGK allele before they
became A producers. Thirteen of 28 and 26 of 69 non-expressed sequences in, respectively, k- or A-CLL had < 100% homology
to germline. This finding might be considered as evidence for secondary rearrangements occurring after the onset of somatic
hypermutation, atf least in some cases. The inactivation of potentially functional IGKV-J joints by secondary rearrangements
indicates active receptor editing in CLL and provides further evidence for the role of antigen in CLL immunopathogenesis.

Online address: http://molmed.org
doi: 10.2119/2005-00044.Belessi

INTRODUCTION

The most widely accepted model for regulation of isotype exclu-
sion at immunoglobulin (Ig) light-chain loci (ordered model) pro-
poses that immunoglobulin A (IGL) rearrangements occur only
after nonfunctional immunoglobulin x (IGK) rearrangements (1).
In this context, single-cell PCR analysis of peripheral blood B cells
from healthy individuals has demonstrated that whereas only 2%
to 3% of x-expressing cells carried IGLV-] junctions, nearly all
A-expressing B cells had rearranged IGK genes and bore IGKV-]
junctions; furthermore, a significant proportion of these joints
(~30%) were rearranged in-frame (2). The inactivation of func-
tional IGK rearrangements during B-cell development probably
permits secondary rearrangements at the light-chain loci.
Antigen encounter in the bone marrow may reinduce RAG
gene expression so that autoreactive normal B cells can be rescued
through secondary rearrangements and receptor editing (3-5).
The IGK locus permits extensive editing because direct V-to-J
joining facilitates nested recombination (V-to-] recombination
occurs between V and ] elements flanking existing V-] joints,
thereby inactivating and replacing that rearrangement). Similarly,
the strikingly progressive nature of light-chain gene rearrange-

ments, in which the use of upstream IGK] genes precedes that of
downstream genes and k expression precedes 2, is ideally suited
to editing; indeed, k-chain gene structure does facilitate very effi-
cient tolerance-induced editing (1,4). Occasionally, tolerance-
induced editing can also promote the appearance of cells carrying
multiple receptors that dilute out the autoreactive specificity (6).

IGK loci are often inactivated in x and mainly in A light
chain-expressing B cells by rearrangement to the k-deleting ele-
ment (KDE), which is located 3’ to the IGKC gene; the KDE is
rearranged either to an unrearranged IGKV gene upstream of a
IGKV-] junction or to a recombination signal sequence in the
IGK]J-C intron (7-9). Because the KDE encodes no protein,
rearrangements to KDE are nonproductive; it has been proposed
that the KDE has no other purpose than to inactivate IGK genes,
many of which were previously functional (4,10-11). Given that
KDE rearrangements appear to occur concurrently with IGL locus
recombination, they may be predicted to clear the way for A
expression (1,3,11-13).

“Natural” autoantibodies are often found in serum of ani-
mals; they are mostly IgM unmutated autoantibodies and inde-
pendent of T-cell help for secretion (14-16). Such antibodies addi-
tionally account for a large proportion of the early human B-cell
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repertoire (17). Although the escape of autoreactive B cells from
clonal deletion or anergy is considered to be detrimental to the host,
rescuing of certain autoreactive B cells confers a clear immunologi-
cal advantage because these cells are also highly protective against
microbial pathogens (e.g., S. pneumoniae and filariae) (18-20). Apart
from receptor editing, one further mechanism employed by autore-
active B cells in an effort to escape clonal deletion is the expression
of multiple antigen receptors (“allelic inclusion”) (21).

Allelic inclusion is a frequent feature in the normal marginal
zone (6), a “reservoir” of B cells with autoreactive specificities. As
shown by analysis of IGH genes, it is also relatively frequent in
chronic lymphocytic leukemia (CLL) (22). CLL Ig heavy and light
chains have unique and often “autoimmune-like” features (23,24);
also, subsets of CLL cases have remarkably similar immunoglob-
ulins (“stereotyped B-cell receptors”), suggesting recognition of
individual, discrete antigens or classes of structurally similar epi-
topes (24-31). Furthermore, CLL cells frequently produce “natu-
ral” or polyreactive IgM autoantibodies (32-37). Altogether, the
similarity between B cells producing natural autoantibodies and
CLL malignant B cells could mean that the process of positive
selection of natural autoreactive B cells may carry a risk for malig-
nant transformation (38).

In this study, we analyzed productive and nonproductive IGK-
locus rearrangements in a series of 291 patients with CLL. Our
results indicate that a small subset of CLL patients have cells that
may express more than one light-chain allele, indicating that allelic
exclusion of light chains is not absolute. IG repertoire comparisons
in k- versus A-CLL revealed that CLL precursor cells tried many
rearrangements on the same IGK allele before they became A pro-
ducers. Finally, the inactivation of preexisting functional rearrange-
ments by secondary IGK recombination events could be considered
as evidence that, similar to normal B cells, receptor editing con-
tributes significantly to the expressed CLL Ig repertoire.

PATIENTS AND METHODS

N ARTICLES

the ratio of k to A expression on CD19* cells was greater than 6 or
less than 0.3, respectively. Based on the above definitions, 189
cases expressed k light chain and 103 cases expressed A light
chain. In all cases, the tumor load was at least 70%.

Immunostaining for cytoplasmic k/A light chains on formalin-
fixed paraffin-embedded bone marrow biopsy sections was per-
formed with the ABC technique using polyclonal antisera raised
in rabbit (Dako, Copenhagen, Denmark).

PCR Amplification of IGK Locus Rearrangements and
Sequence Analysis

High-molecular-weight DNA was isolated from peripheral blood
mononuclear cells with the QIAamp DNA Blood Kit (Qiagen Inc.,
Valencia, CA, USA). Total cellular RNA isolation, cDNA prepara-
tion (after DN Ase treatment) and RT-PCR amplification of IGHV-
D-J/1IGKV-]J/IGLV-] rearrangements was performed as previously
described (24,31). In all cases, IGKV-] rearrangements were exam-
ined on both cDNA and genomic DNA.

IGKV-to-KDE as well as IGKJ-C-intron-to-KDE rearrange-
ments (Figure 1) were amplified by PCR on genomic DNA,
using appropriate primers (40). When a case carried two KDE
rearrangements, either in the form of coexisting IGKV-KDE and
IGK]J-C-intron-KDE junctions or as double IGKV-KDE or IGKJ-
C-intron-KDE junctions, the case was considered to have
rearranged both IGK alleles.

Direct sequence analysis of RT-PCR and PCR products was
performed as previously described (24). Ig heavy- and light-chain
sequence data were analyzed using the IMGT information system
(IMGT, http://imgt.cines.fr) (41,42). IGKV/KDE and IGKJ-C-
intron-KDE junctions were analyzed using the Basic Local Align-
ment Search Tool (BLAST) database (http://www.ncbi.nlm.nih.
gov/Igblast, National Center for Biotechnology Information,
Bethesda, MD, USA).

RESULTS

Patient Samples

Peripheral blood (PB) samples were collected from 291 CLL
patients. All patients met the diagnostic criteria of the National
Cancer Institute Working Group (39). Included in the analysis
were 178 men and 113 women with a median age of 65 years
(range, 29 to 79 years). Most patients were at early clinical stages
by Rai classification (stage 0, 143; I, 54; 11, 64; III, 14; and 1V,
16 patients). The median follow-up time was 43 months (range, 3
to 261 months). Written informed consent was obtained at study
entry. The study was approved by the local Ethics Review Com-
mittee of each institution.

Flow Cytometry and Immunohistochemistry

The analysis was performed in whole blood samples, and the
monoclonal antibodies were titrated according to manufacturer
instructions. Antibodies directed against the following antigens
were applied: CD19, CD20, CD5, CD38, CD23, CD43, FMC7, and
k/A/1gM/1gD/1gG/IgA (surface/intracellular). The percentage
of positive cells for each CD marker was estimated by gating the
CD19" cluster. A case was considered to be k- or A-expressing if
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IGKV-]J Rearrangements in k-Expressing CLL
The expressed IGKV-] repertoire of 179 of 188 cases in the present
study has been reported previously (24). In x-CLL, 219 IGKV-]
clonal rearrangements were amplified in 188 cases. Thirty-one
cases (16.5%) carried double rearrangements; both rearrange-
ments were in-frame in 14 of 188 cases (7.44%). Double in-frame
IGKV-] transcripts were detected in only 3 of 188 cases (1.6%).

Twenty-one functional IGKV genes belonging to the IGKV1-4
subgroups were identified in 191 transcribed, in-frame IGKV-]
rearrangements. IGKV3-20 was the most frequent IGKV gene (29
of 191 sequences; 15.3%), followed by IGKV1-39/1D-39 (25 of 191;
13.1%), IGKV1-5 (20 of 191; 10.5%), IGKV4-1 (19 of 191; 10%),
IGKV2-30 and IGKV3-11 (13 of 191 sequences each; 6.8%) (Sup-
plemental Table). IGK]2 was the most frequent gene, followed by
IGK]J1; collectively, IGK]3-5 gene usage was observed in 60 of 191
rearrangements (31.4%).

Fifteen different IGKV genes were identified in the remaining
28 IGKV-] rearrangements, which were presumably nonexpressed
as they were either nontranscribed (23 of 28 cases; 82%) and/or
out-of-frame (18 of 28 cases; 64%); 6 of 18 out-of-frame IGKV-]
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Figure 1. Schematic overview of potential classical rearrangements in the human IGK locus.

rearrangements were transcribed. The most frequent genes were
IGKV4-1 (9 of 28 sequences; 32%) and IGKV2-30 (3 of 28; 10.7%)
(Supplemental Table). Significant differences were identified
between expressed versus nonexpressed IGKV-] rearrangements;
the IGKV1-39/1D-39 and IGKV1-5 genes were more frequent in
the expressed repertoire (2 test: P < 0.05 for both), contrasting
with the IGKV4-1 gene, which predominated among nonex-
pressed rearrangements ()2 test: P = 0.01).

IGKV-]J Rearrangements in A-CLL

Clonal IGKV-] rearrangements were amplified in 64 of 103 cases
(62%). Five cases had two different rearrangements; in such cases,
each rearrangement involved a different IGKV gene. Nineteen
different genes of the IGKV1-5 subgroups were used; IGVK4-1
was the most frequent IGKV gene (15 of 69 sequences; 21.7%),
followed by 1-33/1D-33 (9 of 69; 13%), 1-39/1D-39, 2-30, and 1-16
(7 of 69 rearrangements each; 10%) (Supplemental Table). Collec-
tively, the aforementioned IGKV genes comprised 65.2% of all
IGKV-] rearrangements.

IGKV-] transcripts were detected in 10 of 64 A-CLL cases with
IGKV-] rearrangements; 4 of 10 transcripts were in-frame. In the 4
A-CLL cases with transcribed, in-frame IGKV-] rearrangements,
flow cytometry and immunohistochemistry demonstrated that
monotypic IG expression was still maintained: in particular,
malignant B cells were negative for either cytoplasmic or surface
K light chains. Five of 10 A-CLL cases with transcribed IGKV-]
rearrangements had both KDE sequences in germline configura-
tion; the remainder had PCR evidence for monoallelic KDE
rearrangements (2 cases with IGKV-KDE rearrangements and
3 cases with IGK]-C-intron-KDE rearrangements).

Significant IGKV repertoire differences were identified
between expressed versus nonexpressed IGKV-] rearrangements
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in k- versus A-CLL, respectively (Supplemental Table). The
IGKV3-20 and IGKV1-5 genes predominated in the expressed
repertoire in k-CLL (y? test: P < 0.01). In contrast, the IGKV4-1,
IGKV1-16, IGKV1-33/1D-33, and IGKV1-37/1D-37 genes were
significantly overrepresented in nonexpressed IGKV-] rearrange-
ments in A-CLL (x? test: P < 0.05).

Complete analysis of the KCDR3 region was possible in 62 of
69 IGKV-] rearrangements. Twenty-four IGKV-J junctions (38.7%)
were in-frame. Among in-frame, nontranscribed rearrangements,
one utilized the IGKV2-29 pseudogene, whereas three utilized the
IGKV1-37/1D-37 gene, with a germline-encoded glycine instead
of cysteine at position 104 in FR3-IMGT. Three in-frame
rearrangements were functionally inactivated due to extensive
5" or 3’ exonuclease activity, which led to elimination of cysteine
at position 104 in FR3-IMGT or phenylalanine at position 118 in
FR4-IMGT. IGKJ4 was the most frequent gene, followed by IGK]2;
collectively, IGKJ3-5 gene usage was observed in 34 of 62
rearrangements (54.8%).

Alignments and Comparisons to Public Database
Sequences

IGKV-] sequences from our series were compared with all IGKV-]
sequences of the IMGT/LIGM-DB sequence database (http://
imgt.cines.fr/cgi-bin/IMGTlect.jv?). This analysis identified sub-
sets of very similar sequences with closely homologous CDR3
regions comprising predominantly or exclusively CLL sequences.
Four such subsets identified among expressed IGKV-] rearrange-
ments in k-CLL were recently reported by our group (24).

In the present series, we identified two homologous tran-
scribed, in-frame IGKV1-17-IGKJ4 rearrangements. The first was
detected in a A-CLL case with an IGHV6-1-expressing heavy
chain. The second was amplified along with a transcribed, in-
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Figure 2. Amino acid sequences of two novel subsets of homologous IGKV-J rearrangements identified after alignment of the sequences reported in
the present series to public-database sequences. (A) IGKV1-17/IGKJ4 rearrangements. P1597 derives from a A-CLL case whereas P242 derives from a
k-CLL case, both from the present series; L33034 and AF007572 derive from cells with antiplatelet activity. (B) IGKV1-39-1D-39/IGKVJ2 rearrangements.

N1857 derives from a A-CLL case from the present series; L12108 derives from a cell with anfi-TPO activity.

frame IGKV1-39/1D-39-IGK]J1 rearrangement in an IgG* female
CLL patient expressing an unmutated IGHV4-39/IGHD6-13/
IGHJ2 heavy chain. IgG* cases with homologous, unmutated
IGHV4-39-IGKV1-39/1D-39 receptors have been reported recently
by several groups, including ours (24,27,30). The two homologous
IGKV1-17-IGKJ4 rearrangements from our series shared an identi-
cal KCDR3 (LQHNSYPLT) with two public sequences (GenBank
accession num. 133034 and AF007572) obtained from anti-DNA
antibodies with antiplatelet specificity (Figure 2) (43,44). These
antibodies utilized IGHV3 subgroup genes (IGHV3-11 and
IGHV3-23, respectively) (43,44) and carried unrelated HCDR3s.

One mutated, nontranscribed, in-frame IGKV1-39/1D-39-
IGK]J2 rearrangement from a A-CLL case of the present series
(expressing an IGHV3-30 heavy chain) was homologous to the k
light chain (L12108) of an antithyroid peroxidase (anti-TPO) anti-
body (Figure 2) (45); this antibody utilized an IGHV1-3-expressing
heavy chain (L12109).

IGK Locus Rearrangements to the k Deleting Element (KDE)
In x-CLL, 170 cases were examined for IGKV-KDE and IGK]J-C-
intron-KDE rearrangements. Fifty cases (29.4%) had PCR evidence
for monoallelic KDE rearrangements, leading to IGK locus inacti-
vation on that particular allele. In detail, 24 cases (14%) carried
IGKV-KDE rearrangements. Sequencing analysis was successful
for 22 of 24 IGKV-KDE rearrangements and revealed frequent
usage of the IGKV1D-43 gene (4 of 22 cases; 18.1%), which was rare
in either the expressed or nonexpressed CLL repertoire (Supple-
mental Table). IGK]-C-intron-KDE rearrangements were amplified
in 26 of 170 cases (15.3%). All three k-CLL cases with double in-
frame IGKV-] transcripts were negative for KDE rearrangements.
In A-CLL, 60 of 100 cases (60%) carried IGKV-KDE rearrange-
ments; 1 case carried biallelic IGKV-KDE rearrangements.
Sequencing data were available for 56 of 60 rearrangements. The
IGKV3-20 and 2-30 genes predominated (9 of 56 and 8 of 56 cases,
respectively) (Supplemental Table), whereas the IGKV4-1 gene
was used in only 3 of 56 sequences. IGK]J-C-intron-KDE
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rearrangements were amplified in 54 of 100 cases (54%); 1 case
carried biallelic rearrangements.

Six A-CLL cases from our series belonged to subsets with
stereotyped receptors (BCRs). Four of 6 cases carried IGHV3-21/
IGLV3-21 BCRs in a fashion previously reported by several
groups, including ours (24,26,31), whereas the remaining 2 cases
carried stereotyped IGHV4-b/IGLV1-44 BCRs (24). PCR evidence
for at least monoallelic IGK locus rearrangement was obtained in
all 6 cases. Specifically, 4 cases carried IGKV-] rearrangements, of
which 3 were in-frame; furthermore, KDE rearrangements were
also detected in 4 of 6 cases.

Multiple Rearrangements of the IGK Locus in CLL
Among 170 k-CLL cases analyzed for both IGKV-] and KDE
rearrangements, 104 cases (61.2%) carried monoallelic IGK locus
rearrangements in the form of a single IGKV-]J joint (Table 1). Evi-
dence for biallelic IGK locus rearrangements was obtained in (i) 50
of 170 cases (29.4%) with a KDE rearrangement along with an
expressed IGKV-] rearrangement (Table 1) and (ii) 3 of 170 cases
(1.8%) with double IGKV-] rearrangements utilizing the same
IGK]J gene in both IGKV-] joints. In the remaining 13 x-CLL cases
with double IGKV-] joints, based on IGKV and IGK] gene reper-
toire analysis as well as location and mode of recombination (dele-
tional versus inversional) of the IGKV genes identified in both
rearrangements, evidence for biallelic IGK locus rearrangements
was obtained in 12 of 13 cases; in 1 case, both rearrangements
could have occurred sequentially on one or both IGK alleles.
Among 100 A-CLL cases analyzed for both IGKV-] and KDE
rearrangements, only 3 (3%) had no evidence for IGK locus
rearrangements; 33 cases carried 1 rearrangement on the IGK
locus, whereas 44 and 20 cases, respectively, carried 2 or 3 IGK
locus rearrangements (Table 1). In 19 of 64 A-CLL cases with mul-
tiple IGK locus rearrangements, based on IGKV and IGK] gene
usage as well as type of recombination to the KDE (IGKV-KDE
versus IGK]J-C-intron-KDE), it would be impossible to define with
certainty whether the detected rearrangements occurred on one
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Table 1. Distribution of k and A CLL cases of the present series according
to the type of IGK locus rearrangements.

Type of rearrangement A-CLL, % k-CLL, %
n 100 170
No rearrangement 3 0
IGKV-J 12 61.2
IGKV-KDE 15 0
IGKJ-C-infron-KDE 6 0
IGKV-J + IGKV-J 3 10
IGKV-J + IGKV-KDE 12 10.6
IGKV-J + IGKJ-C-intron-KDE 15 1.2
IGKV-KDE + IGKV-KDE 1 0
IGKJ-C-infron-KDE + IGKJ-C-intron-KDE 1 0
2 IGKV-J + IGKV-KDE 0 3.5
2 IGKV-J + IGKJ-C-intron-KDE 1 3.5
IGKV-KDE + IGKJ-C-intron-KDE 13 0
IGKV-J + IGKV-KDE + IGKJ-C-intron-KDE 18 0

or both IGK alleles. Following the reasoning described above, the
remaining (45 of 64) cases had PCR evidence in support of bial-
lelic IGK locus rearrangements.

In A-CLL cases with biallelic KDE rearrangements, the IGKV
locus was rendered inactive, thus precluding expression of a pre-
existing, in-frame IGKV-]J junction. This might account for failure
to express a functional «k light chain at least for the significant pro-
portion of cases (9 of 18) bearing in-frame IGKV-] rearrangements
in the context of biallelic KDE rearrangements. None of those
IGKV-] rearrangements was transcribed.

Somatic Hypermutation Analysis

In x-CLL, 62, 36, and 93 transcribed, in-frame IGKV-] rearrange-
ments had, respectively, 100%, 98-99.6%, and < 98% homology to
the closest germline gene. Among nonexpressed IGKV-J
rearrangements in k-CLL, 15, 3, and 10 sequences had, respec-
tively, 100%, 98-99.6%, and < 98% homology to the closest
germline gene. Four of 6 out-of-frame IGKV-] transcripts in k-CLL
were heavily mutated and often carried deletions/insertions (3
of 6 cases) or one or more stop codons in the coding sequence
(4 of 6 cases). High replacement-to-silent mutation ratios (R/S > 2)
were observed in the framework regions (FRs), indicating that
these rearrangements could not be positively selected.

In A-CLL 43, 22, and 4 IGKV-] rearrangements had, respec-
tively, 100%, 98-99.6%, and < 98% homology to the closest
germline gene. Two of 4 nonexpressed rearrangements with < 98%
homology were in-frame; both were homologous to sequences
from autoantibodies, as mentioned above.

Please note that supplementary information is available on the Mol-
ecular Medicine website (www.molmed.org).

DISCUSSION

We analyzed IGK locus rearrangements in a series of 291 CLL
patients. Four A-expressing CLL cases carried in-frame IGKV-J
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transcripts along with in-frame IGLV-] transcripts but still
retained monotypic Ig expression: therefore, in these cases allelic
exclusion was probably regulated at the posttranscriptional level.
In x-CLL, double in-frame transcripts were detected in only 3 of
188 cases; in such cases, the possibility that leukemic cells
expressed more than one x light chain cannot be excluded. As pre-
viously shown, leukemic cells of some CLL patients may express
more than one heavy chain due to lack of allelic exclusion (22).
Here, we provide evidence that allelic exclusion at the IGK locus
may also not be absolute in a minority of CLL cases. This could be
interpreted as evidence for continued Ig gene rearrangements
either in the context of receptor editing (2-5) or as a result of selec-
tion to maintain B cells with multiple binding specificities (21-22).

In A-CLL, in keeping with normal B cells (2), nearly all cases
(97%) carried IGK locus rearrangements. IGKV-] junctions were
detected in 64 of 103 cases (62%). This is probably an underestimate,
as some IGKV-] junctions may not have been successfully ampli-
fied. Furthermore, preexisting IGKV-] joints may have been deleted
by IGKV-KDE rearrangements on the same allele: this could be the
case for 16 of 100 A-CLL cases carrying only IGKV-KDE rearrange-
ments. The possibility that rearrangements from contaminating
nonleukemic cells were amplified cannot be formally excluded.
Nevertheless it seems very remote on the following grounds: (i) the
tumor load was always > 70%; (ii) all experiments were repeated at
least 3 times with identical results; and (iii) identical results were
obtained by analysis of blood samples obtained at different times
(repeat samples were available in 180 of 291 cases).

Similar to normal A-expressing B cells (2), a significant per-
centage (38.7%) of IGKV-] rearrangements in A-CLL cases of our
series were in-frame. In a previous analysis of IGK locus
rearrangements in A-expressing chronic B cell leukemias (includ-
ing CLL, prolymphocytic leukemia, hairy cell leukemia), IGKV-J
junctions were detected in only 7 of 60 cases (12%) (32). The dis-
crepant results between that study and our series as regards the
percentage of IGKV-J-bearing cases could probably be attributed
to differences in methodology (Southern blotting versus PCR),
sample size, and homogeneity of patient groups.

Three A-CLL cases of the present series carried in-frame
IGKV-] rearrangements utilizing the defective IGKV1-37/1D-37
gene. This gene has been reported in the repertoire of a patient
with systemic lupus erythematosus (SLE) (46). However, that
study was DNA-based and would discriminate only between in-
frame vs. out-of-frame rearrangements, hindering definitive con-
clusions about the expressed repertoire.

Several IGKV genes utilized in nonexpressed IGKV-]
rearrangements in either - or A-CLL cases of the present series
have been found as a component of autoantibodies (e.g., IGKV1-33/
1D-33, 1-39/1D-39, 3-20, 1-17) (although this may merely reflect
their overall frequency in the repertoire [47]). It is perhaps relevant
that 2 IGKV1-17 and 1 IGKV1-39/1D-39 in-frame rearrangements
from our series shared identical KCDR3s with public autoantibody
sequences (43,44). The IGKV1-17 gene, rarely expressed by normal
cells, is critically implicated in the development of SLE-nephritis
(48). It has been argued that normal B cells may edit IGKV1-17
rearrangements by receptor editing so as to avoid self-reactivity,
whereas SLE B cells may have a defect in this mechanism (48). In
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this context, it would perhaps be possible that primary IGK
rearrangements with autoreactive potential in CLL clonogenic cells
were followed by a secondary light-chain rearrangement in the
context of a receptor “dilution” (21) or “editing” process (1,49-51),
which would eventually lead either to expression of more than one
K light chain or to a shift to A production.

An intriguing finding of this study was the frequent usage of
downstream IGK] genes (IGKJ3-5) in A-CLL, contrasting with
both normal (47,52) and CLL (24) repertoires. In autoantibody
transgenic mice, usage of downstream IGK] genes is a hallmark of
autoreactive cells that escape deletion by secondary rearrange-
ments that alter specificity (53). The significant bias for down-
stream IGK] genes in A-CLL might be considered an indication
that the clonogenic cells tried many rearrangements on the same
IGK allele before they became A producers (2,14). Evidence for
prolonged light-chain recombination in our series is also pro-
vided by the increased usage of more IGK]J-distal genes in IGKV-
KDE versus IGKV-] rearrangements (especially in A-CLL). This
may be attributed to a shift in accessibility to the recombinase
from the J-proximal to the J-distal parts of the IGK locus at more
advanced stages in B-cell ontogeny (54,55).

In both x- and A-CLL, a minority of nonexpressed (in-frame/
out-of-frame) IGKV-] rearrangements were < 100% homologous to
germline. The existence of mutated, in-frame, nonexpressed IGKV-]
rearrangements might be considered as indirect evidence for sec-
ondary rearrangements after the onset of somatic hypermutation
(SHM). Chronic antigen stimulation may trigger secondary
rearrangements at the IGH or the IGK/IGL loci (53,56-66).
Although the occurrence of secondary rearrangements in normal
peripheral B cells was considered as doubtful or —at best —limited
(67), several studies indicate that secondary rearrangements may
occur following SHM, particularly in a setting of autoimmunity
or neoplasia (58,60,62,66,68). Nonetheless, SHM features in nonex-
pressed rearrangements of the present series (high R/S mutation
ratios in FRs, stop codons, insertions/deletions) could be more
plausibly attributed to a “bystander mutagenesis” effect, whereby
nonexpressed rearrangements are mutated without selection for
expression of a functional antigen receptor, as previously reported
for either normal or neoplastic cells (69-71).

Defective mRNA transcripts are normally detected and
destroyed by nonsense-mediated decay (NMD) (72,73). B and T
cells have very efficient NMD mechanisms to avoid production of
truncated IG and TCR chains (74,75). Occasionally, defective tran-
scripts may persist: this has been reported previously in a setting
of autoimmunity (76) or immunodeficiency (77). The results of
this series show that defective Ig transcripts may also be detected
in CLL. Nonetheless, their low frequency (12 of 291 cases, 4%)
indicates operation of active mRNA surveillance mechanisms
(NMD, other?) in CLL cells.

In conclusion, the present study confirms IGK locus
rearrangements in the vast majority of A-CLL cases and indicates
that the light-chain rearrangement “hierarchy” in CLL is not
inherently different from that in normal cells. The results reported
here suggest prolonged IGK locus recombination before CLL pre-
cursors became A-producers. Finally, the inactivation of preexist-
ing functional IGKV-] joints by secondary rearrangements indi-
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cates active receptor editing in CLL and provides further evidence
for the role of antigen in the emergence and maintenance of the
leukemic clone, at least in a proportion of CLL cases.
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