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Myeloma VL and VH Gene Sequences Reveal a Complementary Imprint of
Antigen Selection in Tumor Cells

By Surinder S. Sahota, Regine Leo, Terry J. Hamblin, and Freda K. Stevenson

In multiple myeloma, sequence studies of VH genes used to additions. All had undergone extensive somatic hypermuta-
encode clonal Ig in neoplastic plasma cells have shown a tion, and showed no intraclonal variation. In 4 of 15 cases,
common pattern of extensive somatic hypermutation. A fur- the distribution of mutations revealed a significant (P Ú .05)
ther consistent feature of these VH sequences is a complete clustering of replacement mutations in the CDR sequences,
lack of intraclonal variation. These findings indicate that the indicating a role for VL in selection by antigen. Comparison
malignant cell arises at a mature, postfollicular stage of B- with the VH sequences used by the same tumor cells showed
cell development. However, only a minority of cases have a that, if significant clustering was present, it was in either VH
distribution of somatic mutations in VH consistent with a or VL, but not both. Altogether, 10 of 15 V-regions showed
prior role for antigen in selecting the B cell of origin. To evidence for antigen selection, suggesting that the B cell
complement these studies, and to take further the investiga- of origin has behaved as a normal germinal center B cell.
tion of a role for antigen in the clonal history of myeloma, we Deductions concerning a role for antigen selection may re-
have investigated tumor-derived VL sequences from bone quire both VH and VL sequences for validation.
marrows of 15 patients. All sequences (9Vk and 6Vl) were

q 1997 by The American Society of Hematology.
potentially functional and 5 of 15 had evidence for N-region

M of the tumor cell. If the cell of origin has been through
somatic hypermutation, and antigen selection, before neo-

ULTIPLE MYELOMA is a malignant tumor involv-
ing plasma cells. Neoplastic cells are found in the

bone marrow (BM), and typically secrete a monoclonal Ig plastic transformation, this experience should be reflected in
the V-gene sequences. For VH regions of antibody molecules,of IgG or IgA isotype. Although the major identifiable tumor

population consists of plasma cells, there has been a great it is known that recognition of antigen can involve several
sites, with CDR3 having a major influence.15 However, re-deal of debate concerning the nature of the malignant cell,

with some early indications that this may be a less mature placement mutations in CDR1 and CDR2 have a significant
role in affinity maturation.11,16 For B-cell tumors, where theB cell capable of ‘‘feeding’’ the plasma cell compartment.1,2

The advent of genetic technology aimed at Ig genes has putative antigen is generally unknown, it is difficult to esti-
mate involvement of CDR3 in recognition. In contrast, theallowed a more incisive investigation of the characteristics

of myeloma clones. In fact, there have now been reports of possible clustering of replacement mutations in CDR1 and
CDR2 which could be involved in affinity maturation cana total of more than 50 sequences of VH genes used by tumor

cells from patients’ BM biopsies, and these have revealed be analyzed. Rules to assess the significance of apparent
clustering of replacement mutations compared with silentcommon features.3-5

One conclusion is that usage of VH genes from the avail- mutations have been developed.17 When these rules were
applied to the large panel of VH sequences from myelomaable repertoire appears to reflect no striking bias, with pre-

dominance of the large VH3 family in line with serological cells, only a minority of cases (10 of 52) showed statistically
significant clustering in CDRs.5 However, the antigen-bind-analysis of myeloma proteins.6 However, at the level of indi-

vidual VH genes there may be some asymmetry in usage. ing site is known to involve both VH and VL,18 and we have
investigated VL sequences from a group of 15 patients bothFor example, one gene, V4-34 , commonly used by normal B

cells, and mandatory for encoding IgM autoanti–red blood to extend our knowledge of Vk and Vl gene usage in my-
eloma, and to assess the role of VL in the selection of thecell antibodies of I/i specificity in patients with cold aggluti-

nin disease,7 has so far not been found to be used by tumor cell of origin by antigen.
cells in myeloma.5,8 In all cases of myeloma, the VH genes

MATERIALS AND METHODShave been found to be somatically hypermutated.3-5 A further
common feature is the lack of intraclonal variation in se- Patients and cell preparation. Heparinized BM aspirates from

unselected patients with multiple myeloma at different stages ofquence, a finding that contrasts with the heterogeneity found
in B-cell tumors of the germinal center.9,10 This leads to the
conclusion that the final tumorigenic event in myeloma has From the Molecular Immunology Group, Tenovus Laboratory,
occurred at a postfollicular stage, when the cell is no longer Southampton University Hospitals, Southampton, UK; and the Divi-
influenced by the somatic hypermutation mechanism.11 It sion of Clinical Immunology, Medizinische Hochschule, Hannover,
argues against the concept that there is a ‘‘feeder’’ B cell, Germany.

Submitted June 20, 1996; accepted August 7, 1996.unless that cell has escaped the mutator before isotype
Supported by the Leukaemia Research Fund, UK, the Europeanswitching.

Myeloma Research Network (Biomed BMH1-CT93-1407), and theHowever, IgM/ B cells with VH sequences indicating a
Dr Hiltrud Pulst Myeloma Foundation, Hannover, Germany.clonal relationship with the neoplastic plasma cells have

Address reprint requests to Freda K. Stevenson, DPhil, Molecularbeen detected in some cases of myeloma.12,13 Although there
Immunology Group, Tenovus Laboratory, Southampton Universityis some controversy about their frequency,14 it appears that
Hospitals, Tremona Rd, Southampton SO16 6YD, UK.

such cells do exist and presumably continue to proliferate. The publication costs of this article were defrayed in part by page
There is uncertainty as to their contribution to malignancy, charge payment. This article must therefore be hereby marked
and it is possible that these cells have undergone some, but ‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to
not all, of the events leading to malignant behavior.4 indicate this fact.

A further problem in understanding development of my- q 1997 by The American Society of Hematology.
0006-4971/97/8901-0019$3.00/0eloma lies in the role of antigen in selecting the VH sequences
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SAHOTA ET AL220

Table 1. Characteristics of Myeloma Patients in line with normal B cells.22,23 Among the Vk1 group, 4 of
5 use the O8/18 gene, which is commonly rearranged in B-Monoclonal Ig

% Plasma cell tumors,24 and 3 of 4 of the VkIII group use the A27
Patient Stage* Status Class Level (g/L) Cells in BM gene, found to be used frequently in chronic lymphocytic

1 IIIA Relapsed IgGk 24.0 11.0 leukemia.25 The Vl genes (Table 4) used three different
progressive families. There appeared to be no preferential use of particu-

2 IIA Stable IgGk 18.0 21.0 lar JL genes for either light chain type.
3 II Progressive IgGk 43.0 5.0 V-J joining region. Clonality of tumor-derived se-
4 II Stable IgGk 28.0 30.0 quences was confirmed by analysis of the V-J junction (Fig
5 III Progressive IgGk 15.0 18.0

1), which showed intraclonal identity. In 9 of 15 sequences,6 IIA Presentation IgGk 59.0 14.0
there were base additions at the junction which were not7 IIIA Progressive IgGk 71.0 30.0
encoded by the V or J genes. In some cases, these appeared8 IB Presentation IgAk 40.7 60.0
to be derived from flanking regions of the genes, and could9 III Progressive IgGk 48.0 30.0

10 IIA Progressive IgGl 20.0 19.0 therefore be accounted for by imprecision at the joint. In 5
11 I Stable IgGl 16.0 4.0 of 15, there were additional nucleotides which may represent
12 III Progressive IgGl 60.0 5.0 N-region additions, contributed by TdT activity. In a major-
13 III Progressive IgGl 21.0 10.0 ity (11 of 15) of cases, nucleotides had been lost by trimming
14 I Progressive IgAl 3.0 1.8 from either V or J genes.
15 IIIA Presentation IgGl 79.0 50.0 Somatic mutation. Nucleotide sequences of all VL genes
* Durie and Salmon staging. have been submitted to the EMBL/GenBank database (ac-

cession numbers Z70253-255; Z70258-261; Z70263-264;
Z75558;X98894-898). To assess the degree of somatic hy-
permutation, comparison with the closest counterparts in thedisease from the Hematology (UK) or Immunology (Germany) clin-
database of germline sequences has been made. This doesics were taken for investigation. All patient material was obtained

with consent, and with permission from local Ethical Committees. not take into account any polymorphisms in VL, but these
Clinical and laboratory features are shown in Table 1. All patients are known to be insignificant in Vk.26 Less information is
had an identifiable monoclonal Ig in serum (13 IgG, 2 IgA) of the available for Vl genes, but again suggests only limited poly-
same light chain type (9k, 6l) as the major plasma cell population. morphic variation.27 The VL sequences obtained deviated
Mononuclear cells (MNC) were isolated by centrifugation on Ficoll- significantly from the closest germline genes in the database
Hypaque (Pharmacia, Uppsala, Sweden), and plasma cell involve- (Tables 3 and 4), with a mean percent mutation of 5.3 for
ment was assessed by direct immunofluorescent staining for surface

Vk and 6.2 for Vl. There was evidence for block mutations,CD38 and cytoplasmic k or l light chains using the FACS-SCAN
involving two or more adjacent nucleotides, in both light-(Becton Dickinson, CA).19 In some cases, cytocentrifuged MNC
chain types. For Vk, the high incidence of block mutationspreparations were stained with the same reagents, and assessed by
(6 of 9 sequences [67%]) compares with the reported figurefluorescent microscopy.

Analysis of VL genes. For preparation of cDNA, total RNA (2 of Ç50%.28 The numerical distribution of the mutations in
to 10 mg) was isolated from the MNC fraction (1 to 6 1 106 cells) FWRs and CDRs, and the ratio of replacement to silent
using RNAzol B (Cinna Biotecx Labs Inc, Houston, TX). Reverse mutations are shown in Tables 3 and 4. Deduced amino acid
transcription was carried out with an oligo dT primer, using a first- sequences are shown in Figs 2 and 3. In all cases, somatic
strand cDNA synthesis kit (Pharmacia). A sample of the cDNA (1/ mutations were identified in the VL sequences, with 9 of 15
3 to 1/5) was then amplified by polymerase chain reaction (PCR) having additional identifiable mutations in JL, even though
using a mixture of 5* oligonucleotide FWR1 primers specific for the

events at the 3* end of JL are obscured by the primer sites.expressed Vk or Vl families together with a mixture of downstream
Several sequences derived from the same VL family member3* primers specific for Jk or Jl genes as appropriate (Table 2).
were available for the Vk genes O8/18 and A27. ComparisonAmplification conditions were as described,4,20 except that annealing
of these showed no evidence for common sites or ‘‘hot-temperature was 657C for 1 minute. Amplified products were cloned

and sequenced as described4; alignment was made to current EMBL/ spots’’ of mutational activity. Analysis of the distribution of
GenBank and V-BASE sequence directories21 using MacVector 4.0 somatic mutations in each sequence (Table 5) has been car-
sequence analysis software (International Biotechnologies Inc, New
Haven, CT). At least two independent PCR amplifications were
performed from each sample.

Table 2. Oligonucleotide VL PCR Primers

Primer Location Orientation Sequence (5*-3*)RESULTS
Vk1&4 FR1 Sense GACATCSWGATGACCCAGTCTCCVL gene usage by tumor cells. The VL genes used by Vk2&6 FR1 Sense GAWRTTGTGMTGACTCAGTCTCC
Vk3 FR1 Sense GAAATTGTGTTGACGCAGTCTCCthe tumor cells were identified as repeated identical VL-JL
Vk5 FR1 Sense GAAACGACACTCACGCAGTCTCCsequences obtained after cloning of PCR products.4 Re-
Jk1-4 FR4 Anti-sense ACGTTTGATHTCCACYTTGGTCCC

maining sequences, presumably from normal B cells in the Jk5 FR4 Anti-sense ACGTTTAATCTCCAGTCGTGTCCC
Vl1 FR1 Sense CAGTCTGTSBTGACKCAGCCRCCYaspirates,20 were different from each other. Repeated se-
Vl2 FR1 Sense CAGTCTGCCCTGACTCAGCCTSSYTquences were seen in all cases, at variable frequency, as
Vl3 FR1 Sense TCYTMTGWGCTGACTCAGSMM

indicated in Tables 3 and 4 for Vk and Vl, respectively. Vl7&8 FR1 Sense CAGRCTGTGGTGACYCAGGAGCCMTC
Vl9 FR1 Sense CAGCCTGTGCTGACTCAGCCACCTTCThe profile of Vk genes used by the 9 k-positive tumors
JlC FR4 Anti-sense ACCKAGGACGGTSASCTKGGTSCCindicates that 5 of 9 use Vk1 and 4 of 9 VkIII frequencies
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VL GENES IN MYELOMA 221

Table 3. Analysis of Vk Genes From Myeloma Patients

R/S Mutations Tumor-Derived
Ig Light Sequences/

Patient No. Chain VL Family GL Donor % Homology FWR CDR JL Clones Sequenced

1 k Vk I O8/18 93.2 5/8 4/1 Jk5 8/11
2 k Vk I O8/18 93.8 6/2 5/3 Jk2 8/12
3 k Vk I O8/18 94.6 4/5 3/2 Jk4 9/11
4 k Vk I O8/18 94.7 3/5 2/4 Jk4 7/9
5 k Vk I A30 95.0 5/3 5/0 Jk1 8/11
6 k Vk III A27 93.6 6/2 6/4 Jk1 8/8
7 k Vk III A27 95.0 4/1 6/2 Jk4 10/12
8 k Vk III A27 93.9 4/1 11/0 Jk2 12/12
9 k Vk III L6 98.5 0/0 3/1 Jk3 6/11

ried out by the method of Chang and Casali.17 In this method, these cases indicated a significant clustering in CDRs (Table
6). Comparison of patterns in VH with those in VL (Table 6)each VL or VH gene sequence is assessed codon by codon

for significance of deviation from germline sequence. A showed that clustering in CDRs of VH was not paralleled by
clustering in CDRs of VL. In addition, the clustering in VLmodification of the binomial distribution model is then used

to calculate whether the probability (P in Tables 5 and 6) of observed in 4 of 15 cases was not paralleled by clustering
in VH. Therefore, from the 10 cases where clustering wasan excess (in CDRs) or scarcity (in FWRs) of replacement

mutations resulted by chance alone.17 For the FWRs, there evident, it was localized in either VH or VL, but not both.
However, in 5 of 15 cases, there was no significant clusteringwere generally fewer replacement (R) mutations than ex-

pected due to chance, with significant (Põ .05) conservation in either VH or VL.
of sequence in 10 of 15 sequences, a feature commonly seen

DISCUSSIONfor VH.14 For the CDRs, there were more R mutations than
expected in 14 of 15 sequences, with significant (P õ .05) Analysis of V-genes used by neoplastic B cells is ex-

tending our understanding of the origin and progression ofclustering indicative of antigen selection in 4 of 15 (3Vk
and 1Vl). B-cell tumors. Now that a complete map of the VH gene

germline repertoire is available,21,30 it is possible to compareComparison with VH genes. For 6 cases (patients 1, 3,
6, 8, 14, and 15), tumor-derived VH gene sequences were a VH sequence from a tumor cell to the germline gene of

origin with confidence. Although some nucleotide changesknown.4,29 VH sequences from the remaining 9 patients were
obtained as described4 and deduced amino acid sequences are may reflect polymorphic variation, particularly for certain

VH3 genes,31 it can be assumed that the majority of deviationsshown in Fig 4. Nucleotide sequences have been submitted to
EMBL/GenBank database (accession numbers: Z70256-257; from germline sequence in VH genes of a B cell represent

somatic mutations.21 In some cases this has been proved byZ75556-5557; X98899-99003). Although the closest germ-
line gene has been obtained from the database, rather than comparing the tumor-derived sequence with the germline

counterpart in the patient.4,5 Accumulation of such mutationsfrom the patients’ DNA, it appears that in general polymor-
phism in VH is not sufficient to require this approach.21 In indicate that the cell of origin has been exposed to the hyper-

mutation mechanism in the germinal center.11,18,32 Heteroge-fact, where we4 and others5 have analyzed the patients’ germ-
line VH genes, the sequence has been found in the majority neity of mutations within the tumor clone indicates that the

tumor cell is still under the influence of the mutation mecha-of cases to correspond exactly to that obtained from the
database. However, in 1 of 9 cases of myeloma, a 2-bp nism, subsequent to neoplastic transformation.9,10 Finally,

concentration of replacement mutations in CDRs can suggestdifference from the published sequence of a VII-5 germline
gene was found also in the patient’s germline sequence, a role for antigen in selection of the B cell.17,33

In the case of multiple myeloma, VH gene analyses fromindicating that this was probably caused by a polymorphism.5

The distribution of somatic mutations in VH of 6 of 15 of several laboratories have shown that the malignant cell has

Table 4. Analysis of Vl Genes From Myeloma Patients

Tumor-Derived
R/S Mutations Sequences/

Clones
Patient No. Ig Light Chain VL Family GL Donor % Homology FWR CDR JL Sequenced

10 l Vl I DPL2 95.6 3/3 4/2 Jl7 12/12
11 l Vl I DPL3 91.0 3/6 9/6 Jl1 4/10
12 l Vl III IGLV3S2 96.5 0/2 6/1 Jl7 8/8
13 l Vl II DPL11 95.9 2/4 5/0 Jl2 6/9
14 l Vl II HSLV2046 94.4 4/3 6/2 Jl2 9/11
15 l Vl III DPL23 92.9 3/6 7/2 Jl2 8/8
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Fig 1. Nucleotide sequences of the V-J junctional regions. Junctional regions are identical in the repeated sequences from each individual
case (Tables 3 and 4). Base additions from flanking regions and losses by trimming are indicated. Remaining bases are presumed to have
arisen via N-region addition.

Fig 2. Deduced amino acid sequences of the Vk regions of the tumor-derived clones from patients with myeloma. Comparisons are made
with the closest germline Vk genes. Uppercase, replacement mutations; lowercase, silent mutations. Replacement mutations in Jk are
underlined.

AID Blood 0029 / 5h2A$$0029 11-26-96 09:13:54 bldal WBS: Blood

 For personal use only. by on December 9, 2009. www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


VL GENES IN MYELOMA 223

Fig 3. Deduced amino acid sequences of the Vl regions of the tumor-derived clones from patients with myeloma. Comparisons are made with
the closest germline Vl genes. Uppercase, replacement mutations; lowercase, silent mutations. Replacement mutations in Jl are underlined.

undergone extensive somatic hypermutation.3-5 There is fur- phase.34 These findings strongly suggest that the malignant
cell has exited from the germinal center, and is no longerther wide agreement that there is no intraclonal heterogeneity

among the tumor cell population,3-5 and there is evidence susceptible to the mutation mechanism.4,5

The germline repertoire of VL genes has also beenthat the VH sequence is stable from diagnosis through plateau
mapped,27,35,36 but there have been fewer studies of usage in
B-cell tumors. In myeloma, using DNA as a source, 7 VkTable 5. R and S Mutations in Myeloma VL Genes
sequences were obtained from 29 cases, with 4 of 7 poten-

R:S (CDR)obs R (CDR)exp P (CDR)*
tially functional.37 Sequences were somatically mutated, withPatient Ig Class Germline Gene R:S (FWR)obs R (FWR)exp P (FWR)

a hint of antigen selection from R:S ratios.37 A second study1 IgGk 08/18 4.00 (4:1) 4 .22
investigated Vk-gene usage in 3 cases of myeloma.24 To-0.63 (5:8) 10 .02
gether, these studies showed that 3 of 7 functional genes2 IgGk 08/18 1.70 (5:3) 4 .14
were derived from the O8/18 gene,24,37 and we have con-3.00 (6:2) 9 .09
firmed this incidence (4 of 9 cases). Although the Vk1 family3 IgGk 08/18 1.50 (3:2) 3 .26

0.80 (4:5) 8 .03 is often used by normal B cells,22,23 the level of usage of the
4 IgGk 08/18 0.50 (2:4) 3 .20 O8/18 gene appears high in myeloma. However, frequency

0.60 (3:5) 8 .01
5 IgGk A30 5.00 (5:0) 3 .09

1.00 (4:4) 7 .19
Table 6. Comparison of Antigen-Driven R Mutations6 IgGk A27 1.50 (6:4) 4 .12

Locating to Myeloma VH or VL Genes3.00 (6:2) 10 .16
P (CDR)*7 IgGk A27 3.00 (6:2) 3 .03

4.00 (4:1) 7 .06
Patient VH VL8 IgAk A27 ` (11.0) 3 .0001

1 .10 .224.00 (4:1) 8 .02
9 IgGk L6 ` (3:0) 1 .04 2 .03 .14

3 .06 .250.00 (0:1) 2 .00
10 IgGl DPL2 2.00 (4:2) 3 .20 4 .18 .20

5 .11 .091.00 (3:3) 6 .06
11 IgGl DPL3 1.50 (9:6) 6 .08 6 .0009 .12

7 .13 .030.50 (3:6) 12 .0002
12 IgGl IGLV3S2 6.00 (6:1) 2 .006 8 .21 .0001

9 .25 .040.00 (0:2) 0 .00
13 IgGl DPL11 5.00 (5:0) 3 .08 10 .0029 .20

11 .0098 .080.50 (2:4) 6 .03
14 IgAl HSLV2046 3.00 (6:2) 4 .09 12 .10 .006

13 .049 .081.33 (4:3) 8 .04
15 IgGl DPL23 3.50 (7:2) 4 .14 14 .18 .09

15 .04 .140.50 (3:6) 10 .0012

* Probability calculations according to Chang and Casali.17* Probability calculations according to Chang and Casali.17
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Fig 4. Deduced amino acid sequences of the VH regions of tumor cells from patients with myeloma. Comparisons are made with the closest
germline VH genes. Uppercase, replacement mutations; lowercase, silent mutations. Replacement mutations in JH are underlined. Patient
identification numbers are indicated. VH sequences from other patients are published.4,37

of this gene in other B-cell tumors has also been reported stable sequences in myeloma should be particularly useful,
because the selected sequence will not be obliterated byto be high, and it is not yet clear if there is a difference

among the tumor categories.24 continuing posttransformation mutations. However, analysis
of VH sequences in myeloma has given mixed results, withThe current results have focused on functional VL genes,

obtained from RNA. Identification of repeated sequences in only 21% of the tumor-derived sequences from a large series
showing significant clustering in CDRs.5,14 This leaves openthe cloned PCR product supports the derivation from tumor

cells, which can be a problem otherwise. We have analyzed the question of the clonal history of the tumor cells in the
remaining 79% of the cases. Because VL sequence is alsothe pattern of both Vk and Vl sequences. These confirm the

high level of somatic hypermutation, with the level of 5.8% known to be involved in recognition of antigen,18 deductions
from V-gene sequences that relate to a role for antigen inmutation for VL being comparable with that of 8.2% for VH.5

There is also a lack of intraclonal heterogeneity in VL of all selection should be strengthened by including analysis of
VL.patients, again confirming findings in VH, and supporting

the concept that the final event in malignant transformation In this study, significant clustering of mutations in CDRs
of VL was seen in 4 of 15 sequences. In contrast, a prelimi-has occurred at a postfollicular stage.3,4,14 In contrast, the VH

genes in the benign counterpart of myeloma (monoclonal nary report of a study of Vk sequences in 9 cases of myeloma
has indicated that clustering of replacement mutations ingammopathy of undetermined significance or MGUS),

showed intraclonal heterogeneity in 3 of 7 cases.29 This could CDRs occurred in all cases, but more details of the analysis
are required.39 In our cases, comparison with VH sequenceindicate that the clonal plasma cell in MGUS is less mature,

and may have undergone some, but not all the events leading in the same cell showed that clustering was in either VH or
VL, but not both. This suggests that a role for antigen mightto malignant behavior.29

If the final neoplastic event is late in maturation of the B be more common than estimated from VH alone, reaching
67% in our study. There have been insufficient studies ofcell, it might be expected that the myeloma precursor cell

will have been subjected to the same processes of develop- normal human B cells to know if this is a typical finding.
Investigation of the classical murine response to the haptenment as a normal B cell. Even if there is an IgM/ clonal

precursor, which has undergone some neoplastic event, the phenyl oxazolone has shown that affinity maturation is ac-
companied by somatic mutations in the CDRs of both VHfew cases available for analysis have indicated that it has a

homogeneous VH gene sequence identical to the isotype- and Vk.40 This is likely to be the case in human antibodies,
and might suggest that a role for antigen is more commonswitched plasma cell.12,13,38 This would argue that neoplastic

transformation in myeloma begins in a mature B cell imme- than estimated from VH alone. For myeloma, the findings
support the idea that the cell of origin has undergone thediately before isotype-switch. Because a B cell would have

reached this point following antigen selection, the imprint process of conventional antigen selection. However, there
remains a minority of sequences which appear to have noof this procedure should remain as a clustering of mutations

in CDRs of V-gene sequences.11,17,33 In fact, analysis of the clustering in either V-region. Even this pattern does not rule
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are derived from a cell late in B lymphoid development. Curr Topicsout a role for antigen selection, because optimal binding may
Microbiol Immunol 194:25, 1995occur via CDR3. Clearly we need more information on how

15. Kirkham PM, Schroeder HW Jr: Antibody structure and thenormal human B cells generate antibody, but this study
evolution of immunoglobulin V gene segments. Semin Immunolwould suggest that deductions concerning a role for antigen
6:347, 1994in the clonal history of neoplastic B cells should take into

16. Kocks C, Rajewsky K: Stable expression and somatic hyper-
account mutational events in both VH and VL.

mutation of antibody V regions in B cell development pathways.
Annu Rev Immunol 7:537, 1989
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