249

ORIGINAL ARTICLE

Receptor revision of immunoglobulin heavy chain genes
in human MALT lymphomas

D Lenze, A Greiner, C Knérr, | Anagnostopoulos, H Stein, M Hummel

See end of article for
authors’ affiliations

Correspondence to:

Dr M Hummel, Institute of
Pathology, University
Medical Center Benjamin
Franklin, The Free
University of Berlin,
12200 Berlin, Germany;
michael.hummel@
medizin.fu-berlin.de

Accepted for publication
21 July 2003

J Clin Pathol: Mol Pathol 2003;56:249-255

Background/Aims: Rearrangement of immunoglobulin gene segments, leading to B cells with
functional receptors, is thought to be largely restricted to developing immature B cells in bone marrow.
However, accumulating evidence suggests that mature B cells occasionally modify their antigen specifi-
city by VH segment replacements during the germinal centre reaction to enhance antigen affinity, or to
overcome self reactive antigen receptors. Although malignant B cells maintain the features of their nor-
mal counterparts in most instances, to date, such replacements have not been described for human B
cell lymphomas.

Methods: Rearranged immunoglobulin heavy chain genes from two extranodal marginal zone B cell
lymphomas were amplified, cloned, and sequenced. Sequences with identical CDR3 regions were
selected and aligned to each other and public databases.

Results: VH replacements were seen in two extranodal marginal zone B cell lymphomas. In line with
the hypothesis that in mature B cells these replacements are associated with active somatic hypermuta-
tion, in addition to VH replacement, different mutation patterns were seen in the revised VH portions.
In the remaining common 3'-VH regions, these mutations could be used to establish a phylogenetic
relation between the sequences, rendering the possibility of artefactual chimaeric polymerase chain
reaction products very unlikely.

Conclusions: These results support the view that VH replacements are a further mechanism for reshap-
ing antigen affinity and specificity, and indicate that these receptor modifications are not restricted to
normal and reactive germinal centre B cells, but may also occur in close association with the develop-
ment of malignant B cell lymphomas.

a wide variety of potential pathogens. One means of

achieving this is with the generation of antibodies. These
proteins bind to non-self molecules and in this way mark
them out for neutralisation. To fulfill this task, the multiplic-
ity of foreign substances has to be matched by a diverse but
also specific repertoire of antibodies. Therefore, several
mechanisms have evolved to create diversity and increase
affinity during the development of the antibody producing B
cells. To build the variable, antigen binding region of an anti-
body molecule, two (V and J) or three (V, D, and J) different
gene segments are joined to produce light or heavy chains,
respectively. For each of these segments, multiple, but
differing, copies exist in the human genome. Thus, the
random selection and combination of the individual segments
already leads to a large number of different antibody
molecules." Another major contribution to antibody diversity
is the insertion of random nucleotides at the segment
junctions during the joining process.*’

The production of a functional antigen receptor is verified
several times during these procedures and is essential for the
survival of the respective B cells. Immature B cells bearing
non-productive rearrangements of either chain can be rescued
by new rearrangements on the other allele or, in the case of the
light chains, by switching to the other isotype.

On contact with antigen, the variable region of mature B
cells is further modified by the introduction of somatic point
mutations during the course of the germinal centre
reaction.’” These modifications are intended to increase the
affinity of the antigen binding domain. Because this process is
to a certain degree random, most cells die from apoptosis
because of their insufficient ability to bind antigen.

The human immune system efficiently protects us against

“The expression receptor revision is used when mature B
cells alter their receptors in response to antigenic stimu-
lation”

Recently, however, evidence has been accumulating to sug-
gest that, despite expressing functional antibodies on their cell
surface, B cells can continue to rearrange their immunoglobu-
lin (Ig) genes, and that these rearrangements can occur both
on the same allele and on the second allele. Although this
phenomenon was originally described for the heavy chain
locus of mouse lymphoma cell lines,* " most subsequent stud-
ies have focused on the light chain.*"' Because the heavy chain
(IgH) gene locus is organised in a different way to that of the
light chains, ongoing rearrangements at this region were con-
sidered to be unlikely and irrelevant for human B cell
development. It was argued that after the primary rearrange-
ment, no more D segments are left to join new V and J
segments, yet, through transgenic mouse models*™ and
observations of human B cells,” ' it became evident that the
heavy chain can be edited by exchanging only the VH portion
of the rearranged VDJ gene with a new VH segment (VH
replacement). Dependent on the developmental status of the
B cell, these secondary rearrangements seem to serve different
purposes. In immature B cells, they enable the editing of self
reactive receptors and thus play a role in mediating
tolerance.” " For this, the term “receptor editing” has been
introduced. The expression “receptor revision” is used when
mature B cells alter their receptors in response to antigenic

Abbreviations: FR, framework; Ig, immunoglobulin; IgH,
immunoglobulin heavy chain; MALT, mucosa associated lymphoid tissue;
PCR, polymerase chain reaction
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stimulation.””* The purpose of this kind of secondary
recombination is not yet clear. It might serve as an additional
mechanism to create diversity within the antibody repertoire,
or to eliminate unproductive or self reactive rearrangements
generated through the introduction of somatic mutations.

Here, we describe VH replacement in the in situ tumour
cells of two human mucosa associated lymphoid tissue
(MALT) lymphomas. Based on their immunophenotypical
features,” MALT lymphomas are thought to derive from post-
germinal centre memory B cells.” However, the detection of
intraclonal diversity in the clonally rearranged IgH genes of
the tumour cells” * is suggestive of a close relation to germi-
nal centres. The observation of Ig receptor revision in the two
MALT lymphomas described here is in accordance with such a
setting of mutational activity, and corresponds with the diver-
sity driven mechanism of this phenomenon. Moreover, it
demonstrates that receptor revision is not only active in
normal germinal centre B cells, but also in germinal centre
related B cell lymphomas.

METHODS

Patient material

Both tumours were diagnosed as low grade MALT lymphomas
according to the World Health Organisation classification.”
They displayed the same immunophenotype (CD19+, CD23-,
CD5—, IgD—, IgM+), except that the tumour in case 1 used a K
light chain and the case 2 tumour was IgA+. In case 1 the
tumour was of gastric origin, whereas the tumour in case 2
was localised in the thyroid.

Preparation of nucleic acids for the polymerase chain
reaction

Genomic DNA and total RNA were isolated from frozen tissue
sections with the QTAamp DNA mini kit and the RNeasy mini
kit, respectively, according to the manufacturer’s protocol
(Qiagen, Hilden, Germany). For amplification, 1 pg of RNA
was then transcribed into cDNA using random hexamers or
OligodT15 primers and reverse transcriptase (GeneAmp RNA
PCR core kit; Perkin Elmer, Foster City, California, USA).

Polymerase chain reaction

To identify the rearranged segments of the variable heavy
chain genes, a nested polymerase chain reaction (PCR) was
initially performed for each case (GeneAmp PCR System 9600;
Perkin Elmer Cetus, Foster City, California, USA). In the first
round of amplification, a mix of six VH family specific frame-
work 1 (FR1) primers and a consensus JH primer (LJH) were
used.” For the reamplification, an aliquot of the first PCR from
each case was amplified with a family specific VH primer set
for framework 2 and a nested JH primer (VLJH). PCRs were
carried out in a final volume of 100 pl with 0.2 mM of each
dNTP (Amersham, Piscataway, New Jersey, USA), 1.5 mM
MgCl,, AmpliTaq buffer II, and 2.5 units of AmpliTaq Gold (all
from Applied Biosystems, Darmstadt, Germany). Cycling
parameters for the primary amplifications consisted of an ini-
tial incubation at 95°C for 10 minutes; followed by five cycles
of 95°C for 25 seconds, 63°C for 30 seconds, and 72°C for 30
seconds; an additional 35 cycles of 95°C for 25 seconds, 57°C
for 30 seconds, and 72°C for 30 seconds; and a final elongation
step of 72°C for seven minutes. Reamplifications were carried
out, after 10 minutes at 95°C, for 25 cycles of 95°C for 25 sec-
onds, 63°C for 30 seconds, and 72°C for 30 seconds, followed by
a final elongation step of 72°C for seven minutes.

To gain more sequence information of the clonal rearrange-
ments, additional PCRs were performed involving family spe-
cific FR1 primers in conjunction with the LJH primer. The
reaction conditions were the same as for the primary amplifi-
cation described above. To exclude PCR artefacts, these family
specific FR1 PCRs were performed three times for each case.
Each of these PCRs resulted in the detection of revised IgH
sequences.
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To verify the existence of the revised Ig rearrangements,
clone specific PCRs were carried out for case 1, using
individual forward primers for the CDR2 of each of the four
revised Ig rearrangements. Because the CDR3 was shared by
all revised Ig rearrangements, a common clone specific reverse
primer was used.

Group 1: VH3-07CDR2, 5'-GCCAACATAAAGAAAGATGGGAGT
GAG-3'.

Group 2: VH3-23CDR2, 5'-GCTATTAGTGGGAGTGGTGGGAG-3'.

Group 3.1: VH3-30.1CDR2, 5'-CTGGAGTGGGTGGCAGTTATAT
CATATG-3".

Group 3.2: VH3-30.2, 5'-GTGGGTGGCAGTTATATGGTATGA
TGG-3'.
Common clone specific CDR3, 5'-GGCGCTCCCCGAAACGTC-3'.

Amplification for each primer pair was performed in a vol-
ume of 100 pl with 0.2 mM of each dNTP, 1.5mM MgCl,
AmpliTaq buffer II, 2.5 units of AmpliTaq Gold, and 20 pmol of
each primer. Cycling parameters consisted of 10 minutes at
95°C, followed by 95°C for 25 seconds, 60°C for 30 seconds, and
72°C for 30 seconds for 40 cycles, with a final elongation step
of 72°C for 10 minutes.

GeneScan analysis

GeneScan analysis (ABI 310; Applied Biosystems) was
performed to demonstrate the presence of clonal VDJ
rearrangements and to determine their size. For this purpose,
reamplification was carried out with a fluorescence (FAM)
labelled JH primer (LJH) and the final elongation step was
extended to 45 minutes. Fluorescence labelled PCR products
were separated on a sequencing gel and evaluated by the
GeneScan software 672 (Applied Biosystems).

Cloning and sequence analysis of PCR products

Unlabelled PCR products were separated by polyacrylamide gel
electrophoresis and bands representing clonal VDJ rearrange-
ments were cut out, eluted in distilled water overnight, and
cloned into the pCRII-TOPO vector (TOPO TA cloning kit; Inv-
itrogen, Breda, The Netherlands). Plasmid DNA from several
clones (Quantum Prep plasmid miniprep kit; BioRad, Her-
cules, California, USA) was sequenced in both directions (Big
Dye Terminator cycle sequencing kit, Applied Biosystems),
using an automated DNA sequencer (DNA Sequencing
Automat 377; Applied Biosystem). The sequences obtained
were compared with each other and with our own and
published databases (IMGT- International ImMunoGeneTics
database, Marie-Paule Lefranc, Montpellier, France; http://
imgt.cines.fr:8104) to determine the corresponding germline
segments and the number and location of somatic mutations.

RESULTS

Detection of clonal IgH rearrangements

Dominant amplificates of 233 bp (case 1) and 245 bp (case 2)
were detectable after nested primer IgH PCR and GeneScan
analysis. In addition to the prominent PCR product, a moder-
ate polyclonal B cell background was present. The clonal IgH
PCR products were cloned and subsequently sequenced.

Sequence analysis of case 1

Fifty seven sequences from case 1 were used for analysis of the
IgH rearrangements. These sequences were obtained from
three different independent PCR experiments, each starting-
from a new aliquot of DNA. Twenty six of these rearrange-
ments shared the same CDR3 portion and JH segment, in
addition to a part of their rearranged VH segment (fig 1, posi-
tions 224 to 296, numbering according to Chothia and
colleagues™). The remaining 31 IgH rearrangements displayed
no similarities to each other, or to the 26 other sequences of
this case. This indicated that they originated from the polyclo-
nal B cell background present in this case.
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VH3-07 GAAGG GGATGGAGTG GGTGGCCAAC ATAAAGCAAG ATGGAAGTGA GAAATACTAT GTGGACTCTG TGAAGGGCCG ATTCACCATC TCCAGAGACA ACG
Group1  ..... .. Teriiees teeeieiee aeas Aco. ... [ Gevenrn vnnn Tevenr on. Gureeee et heeeeeaee e
Group 2 ceeen e CT..GCT ..T.GTGGGA G...TG.GAG T.C...T... .CA..... Co Corrnnnnn Guvvenee v .TT
VH3-23 . CT.AGCT ..T.GTGGTA G...TG..AG C.C...... C .CA..... Covivnnnnnnns Guveneen e .TT
Group 3.2 Covvr veviiiine aann AGTT ...TGGT.T. ..eeoeowB. Tuvevnnnn. .CA..... Ce ettt e e LTT
Group 3.1 Cavee teeeeiene aeanns AGTT ...TCAT.T. ........A. Teuevnnnn. .CA..... G ettt i e LTT
VH3-30 Civee teviiiine eeenns AGTT ...TCAT.T. ........A. Teverrnnnn .CA..... G ittt riiiiiee ceeeeeaa .TT
B
v 230 240 250 260 270 280 290
VH3-07 CCAAGAA CTCACTGTAT CTGCAAATGA ACAGCCTGAG AGCCGAGGAC ACGGCTGTGT ATTACTGTGC GAGAGA
Groupl  Ac..iTGuevrtBier viieenneaG viinnnnens cuTeeaCune ceeeiCALT. vinnnnnn oo A...
Group 2 T.. C.ALL
Group 3.1 T.. Al
Group 3.2 T.. A
CDR3
300 310 320 330
JH5¢ 07T ACAACTGGTTCGACTCCTGGGGCCAAGGAACCCTGGTCACCGTCTCCTCAG
Group 1 CGTTTCGC CuBG..C..Terinnnnnnnns Covinnnnnnnn
Group 2 CGTTTCGG CBG..CelTerinnnennnn Covennnnnnns
Group 3.1  cGrTTCGG CiBG. . Cea T
Group 3.2 CGTTTCGG CeAG. . Cea Tt
Figure 1 Comparison of the immunoglobulin heavy chain (IgH) rearrangements of case 1 and alignment to the corresponding germline VH

segments. (A) Alignment of the revised 5' portions of the rearranged VH segments and the corresponding VH germline segments. Differences
between the revised VH rearrangements, their most homologous germline segments, and the initial VH3-07 rearrangement, respectively, are
shown in capital letters. This comparison demonstrates that these 5'-VH segments derive from different VH germline segments as a consequence
of the VH receptor revision in this case. (B) Alignment of the common 3' portions of the rearranged IgH genes to the corresponding VH
germline segment (VH3-07) and JH germline segment (JH5a). All subclones of this case display the highest homology to the initial VH germline
segment YH3-07, although the high mutation rate might mimic another germline segment. In addition, there are common and different somatic
mutations, indicative of an ongoing somatic mutation process. These results prove that all subclones of this case carry the same 3'-VH
rearrangement, which was not affected by the receptor revision. The closed triangle indicates the probable breakpoint for hybrid formation, just

behind the last region of homology of the 5'-VH regions.

The 26 rearrangements with identical CDR3 and JH
sequences could be divided into three groups (fig 1). One
group comprised 23 sequences that shared, in addition to their
common CDR3/JH portion, the same VH segment (VH3-23),
and varied by only a few single nucleotide substitutions
(group 2). Sequences belonging to this group could be
detected in each of the three independently performed PCR
experiments in this case. The other two groups were
represented by one and two sequences, respectively. These
three sequences all derived from different PCRs. Although
identical in their CDR3/JH sequences, and containing the
same 3'-VH portion (positions 224-296) as the sequences of
group 2, the 5'-VH parts (positions 126-223) of group 1 and 3
were clearly different to each other and to the sequences from
group 2. The 5'-VH region of group 1 disclosed the highest
homology to VH3-07, whereas the 5'-VH sequences of group 3
were most closely related to VH3-30.

Analysis of the mutations in these 26 sequences showed the
same five somatic mutations in all 3'-VH portions when com-
pared with the germline VH segment VH3-07 (figs 1 and 2).
Another five base substitutions were identical in group 3 and
in the 23 sequences of group 2. The 3'-VH3-07 portion of
group 1 harboured, in addition to the five common mutations,
six individual somatic mutations not present in all the other
sequences of this case. This pattern of shared and differen-
tially acquired somatic mutations (ongoing mutations)
demonstrates a phylogenetic relation between the sequences.

The alignment of the differing 5'-VH portions to their most
closely related germline segments revealed seven further
mutations in the 23 sequences of group 2, resulting in a total
of 17 somatic mutations. Group 1 contained six further muta-
tions in the 5'-VH3-07 part, in addition to the 11 mutations in
its 3'-VH portion. The two sequences of group 3, which
displayed 10 mutations in the 3'-VH3-07 portion, contained
no (group 3.1) or two (group 3.2) further somatic mutations
in the 5'-VH3-30 portion, respectively.

The results of the clone specific PCR, using individual prim-
ers specific for the CDR2 of the differing 5'-VH portions and a
reverse primer for the common clone specific 3' CDR3/JH por-
tion, confirmed the presence of revised IgH rearrangements,
as found with standard IgH PCR. Each primer pair gave rise to
a dominant PCR product, and sequence analysis disclosed
concordance with the respective rearrangement found by the
standard FR1 PCR.

Sequence analysis of case 2

Sixty three sequences from case 2, obtained from three different
independent PCR experiments using separate DNA aliquots, were
used to compare the IgH rearrangements. Fifty three of these
sequences contained the same CDR3 and JH region, in addition
to an identical VH segment portion (fig 3; positions 190-298).
The remaining 10 IgH sequences were not similar to one another
or to the other sequences in this case. Thus, they arguably
reflected the polyclonal background present in this case.
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Figure 2 Schematic representation
of the relation between the sequence
groups of case 1. Group 2:
consensus of 23 sequences; groups

NDN H

1, 3.1, and 3.2: one sequence each;
vertical strokes represent somatic
mutations; bold strokes highlight

. mutations that are shared between

Il
Gowl 1 1 |1 [

groups; black triangles indicate the
probable breakpoints for the hybrid
formation.
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Based on the germline VH segment used, the 53 IgH
rearrangements with common CDR3 and JH segments could
be divided into three groups (fig 3). The first group consisted
of 49 sequences, which shared the same CDR3, JH region, and
VH segment (VH4-59), and varied only at a few nucleotide
positions, indicating ongoing somatic mutations. Sequences

belonging to this group were present in all three PCR experi-
ments. The second and the third groups were composed of
three sequences (groups 2.1-2.3) and one sequence (group 3),
respectively. Comparison of the VH segments disclosed that
only the 3’ portions (positions 190-298) were identical to the
VH4-59 segment of group 1. However, the 5'-VH portions

A
CDR1 CDR2
80 90 100 110 120 130 140 150 160 170 180

VH4-59  TCTGGTGG CTCCATCAGT AGT------ T ACTACTGGAG CTGGATCCGG CAGCCCCCAG GGAAGGGACT GGAGTGGATT GGGTATATCT ATTACAGTGG GAGCACCAAC TACAACCCC
Group T e e e c..... B et e e eeee s eeeeeeeee e eeeeeeees e
Group 2.1 . .GGAAGT. ......... B i e GeCe et e e e e et eeeeeeeeee i eeeeeeeeee i
VH4-61-07 BT Y
Group 2.2 L.AGTTCT. ......... B oeieieiiiee et GeCu tevaaeeen eeeannn Gev nnt CGA.... .. ACicevnn wunnnn
Group 2.3 CBGTAGT. wevvvirees teeienns aeas GuCh vt e e CG.eeaC eeBCurinnt eeeeeeainn cenaas
VH4—6 ] —02 «eGGTAGT: ccceccsoce ossecseseses sossnse GeC: tevecccces cocsoscscne oo CGeoeee oo ACevevee ossecsococes sessssnas
Group 3 cieeiin i C ...---AGGA ...GG..... T Guv eeeeneee C.AG.G... TC.CT SGerer .. .C G
VH4-04 ..l C ...-=-AGTA ...GG..... S T R Gev weeeeaee e GeAeern .. CaTee aeeeeeeeee s G
B CDR2

y

190 200 210 220 230 240 250 260 270 280 290

O O O U PO U U BN DU U PR RO PN U PO R P PN P
VH4-59 TCCCTCAAGAG TCGAGTCACC ATATCAGTAG ACACGTCCAA GAACCAGITC TCCCTGAAGC TGAGCTCTGT GACCGCTGCG GACACGGCCG TGTATTACTG TGCGAGAGA
Group 1
Group 2.1
Group 2.2
Group 2.3
Group 3
CDR3

300 310 310 310 310 310 310 310
H5¢ T ATTACTACTACTACTACGGTATGGACGTCTGGGECCAAGGEACCACGATCACCETCTCCTCAG
Group 1 TTTCAACGCGG
Group 2.1 TTTCAACGCGG
Group 2.2 TTTCAACGCGG
Group 2.3 TTTCAACGCGG
Group 3 TTTCAACGCGG

Figure 3 Comparison of the immunoglobulin heavy chain (IgH) rearrangements of case 2 and alignment to the corresponding germline VH
segments. (A) Alignment of the revised 5' portions of the rearranged VH segments and the corresponding VH germline segments. Differences
between the revised VH rearrangements, their most homologous germline segments, and the initial VH4-59 rearrangement, respectively, are
shown in capital letters. These results demonstrate that these 5'-VH segments derive from different VH germline segments, as a consequence of
the VH receptor revision in this case. (B) Alignment of the common 3" portions of the rearranged IgH genes to the corresponding VH germline
segment (VH4-59) and JH germline segment (JH6b). All subclones of this case display the highest homology to the initial VH germline segment,
VH4-59. In addition, there are common and different somatic mutations, indicative of an ongoing somatic mutation process. Taken together,
this proves that all subclones of this case carry the same 3'-VH rearrangement, which was not affected by the receptor revision. The black
triangle indicates the probable breakpoint for hybrid formation.

www.molpath.com



Ig receptor revision in MALT lymphomas

253

Figure 4 Schematic representation
of the relation between the sequence
3’ groups of case 2. Group 1:

| | | consensus of 49 sequences; groups

2.1.2.2,2.3, and 3: one sequence
each; vertical strokes represent
somatic mutations; bold strokes

highlight mutations that are shared
between groups; the dashed stroke

indicates a mutation not present in all
sequences of this group; black

triangles indicate the probable

breakpoints for the hybrid formation.
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(positions 73-189) of both sequence groups differed signifi-
cantly both from one another and from group 1. Comparisons
to known germline segments disclosed that group 3 was most
similar to VH4-04, and the three sequences of group 2 had the
highest homology to VH4-61, but used different alleles (group
2.1, VH4-61*07; group 2.2 and 2.3, VH4-61*02). One sequence
of group 2 and the sequence of group 3 were obtained from
one PCR experiment, the remaining two sequences of group 2
originate from the other two PCRs.

All sequences of case 2 shared one mutation in their
common 3'-VH portion when compared with the VH4-59
germline segment (figs 3 and 4; position 255). In addition, 26
of the sequences of group 1, group 2.2, and group 3 displayed
a further common base substitution (position 240), leading to
the conclusion that, as in case 1, these sequences are derived
from different individual rearrangements and are not
generated by PCR artefacts.

Comparison of the discordant 5'-VH portions of the three
sequence groups to the corresponding germline segments dis-
played two further somatic mutations in the VH4-59 part of
group 1. The sequences of group 2 harboured six (group 2.1),
eight (group 2.2), and two (group 2.3) nucleotide substitu-
tions in their VH4-61 portion, respectively, and group 3
showed 13 additional mutations compared with VH4-04.

Analysis of case 2 by clone specific PCR was not possible
because of a lack of sufficient material.

DISCUSSION
An increasing amount of evidence has accumulated to show
that B cells with rearranged Ig genes can modity their Ig
receptor specificity by replacing their rearranged VH
segments.’” ” '* Depending on the developmental stage of the
B cells analysed, different terms and purposes have been
assigned to this phenomenon. For immature B cells of the
bone marrow it is thought that this mechanism is used to
change the reactivity of the autoreactive Ig receptor (a
phenomenon known as receptor editing)," " whereas for
peripheral B cells it has been proposed that this
modification—which probably occurs in the germinal centre
reaction—is a further way of enhancing the affinity and/or
specificity of the Ig receptor (known as receptor revision), in
addition to the elimination of autoreactive or unproductive
antibodies.* ***

The revised receptors found in mature B cells consist mainly
of so called “hybrid” VH segments, which are composed of
parts derived from two different VH segments. It was proposed

that cryptic recombination signal sites, present in the
germline genes, enable the recombination between a recipient
and a donor VH segment, leading to a partial VH replacement
in an existing, functional VDJ rearrangement.®’ The detection
of revised Ig sequences that were clonally related, as
demonstrated by shared somatic mutations in the common
VH recipient part, showed that the recombination events took
place in the germinal centre during ongoing somatic
hypermutation.” Because this process serves to enhance anti-
body affinity, this finding indicates that receptor revision
might be a further mechanism, in addition to somatic
mutation, that shapes the antigen selected B cell repertoire.

“In both cases, the tumour cell immunoglobulins share
the same CDR3 and JH portions but differ in their VH
configuration”

Unexpectedly, despite the availability of many Ig sequences
derived from the clonal Ig rearrangements of a large variety of
B cell tumours, no convincing evidence of receptor revision
has yet been described for human lymphomas. This raises the
question of whether these Ig receptor modifications are absent
from malignant lymphomas or are present, but have been
overlooked or misinterpreted as artefacts in previous studies.

Here, we describe the presence of receptor revision in two
cases of human MALT B cell lymphoma. In both cases, the
tumour cell Igs share the same CDR3 and JH portions but dif-
fer in their VH configuration. In case 1, most of the sequences
displayed a VH3-23 rearrangement, thus reflecting the
predominant tumour cell population. In addition, two further
rearrangements involving VH3-30 and VH3-07 germline seg-
ments, but with the same CDR3/JH portion as the VH3-23
rearrangement, were found (fig 1). In case 2, the VH4-59 seg-
ment was rearranged in most clonal sequences, but VH4-61
and VH4-04 were also detectable in three sequences and in
one further sequence, all with concordant CDR3/JH regions
(fig 3).

In agreement with the findings in mature germinal centre
derived B cells, only a part of the VH segment was replaced
during receptor revision in the MALT lymphomas investigated
in our study.” In both cases, the 3'-VH part consistently
belonged to the initial rearrangement, whereas the 5'-VH por-
tion was replaced by part of a segment that originated either
from a more 5' located VH germline segment or from a VH
germline segment located on the other allele.

Based on the genomic arrangement of the VH segments on
chromosome 14,” the initial rearrangement of case 1 involved
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Case 1

Figure 5 Order of revision events in the tumour cells of two cases
of human mucosa associated lymphoid tissue lymphoma. Presumable
sequence of events leading to the presence of revised
immunoglobulin receptors in cases 1 and 2. The circles represent the
related clones of each case, labelled with the respective recipient
(upper circles) and donor VH segments used for the VH
replacements. Dominant tumour clone rearrangements are marked
by grey circles. Arrows denote receptor revision events.

a VH3-07 segment, which was (probably during the course of
a germinal centre reaction) replaced by VH3-23 (fig 5). The
fact that the rearrangement involving VH3-23 was found in
most sequences indicates that this receptor revision took
place early in the germinal centre reaction. This idea is
supported by the mutational pattern of the initial and revised
rearrangements, both of which display the same number of
mutations in their IgH sequences (figs 1 and 2). In contrast,
the second receptor revision involving the germline segment
VH3-30 (located 5' of VH3-23 on chromosome 14) seems to
have appeared at a much later stage in the germinal centre
reaction. This hypothesis is supported by the low number of
mutations (two) in the 5'-VH3-30 part of group 3.2, the
complete absence of somatic mutations in the 5'-VH3-30 part
of group 3.1, and the maintenance of the mutational
pattern of the remaining 3'-VH part found in this rearrange-
ment.

To establish the order of the revision events in case 2, two
observations had to be considered in addition to the chromo-
somal arrangement of the germline segments, namely: (1)
one mutation in the common 3'-VH portion of the sequences
was only present in 53% of the VH4-59 rearrangements and
in the VH4-61*02 and the VH4-04 rearrangements (position
240); and (2) the VH4-61 germline segment was rearranged
on both alleles (fig 3 and 4). Taking these facts into account,
the most likely sequence of events is that the initial
rearrangement used a VH4-59 segment, which then became
the dominant tumour clone (fig 5). In the course of the ger-
minal centre reaction, two clonal lines evolved from this rear-
rangement. They shared two mutations in the 5'-VH region
and one in the 3'-VH part (position 255), but were differenti-
ated by one mutation in the 3'-VH part, which was only
present in one clonal line (comprising 53% of the detected
VH4-59 rearrangements). Both of these clones from the ini-
tial VH4-59 rearrangement became a target for receptor revi-
sion. In one clone, 5'-VH4-59 was replaced with the
respective portion of the VH4-61*07 gene segment, located
further towards the 5' end on the same allele. The other clone
was revised using the VH4-04 germline gene from the second
allele. This VH4-04/VH4-59 rearrangement in turn gave rise
to a new hybrid using the more 5' localised VH4-61*02
segment. All the revised rearrangements acquired further
somatic mutations.
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The observed VH replacements might have been mediated
by recombination signal sites that were present near the 3'
ends of the VH sequences (figs 1 and 3). In case 2, the cryptic
heptamer beginning at C207 was a possible junction between
the VH4-59 recipient and the donor VH genes. For case 1, the
breakpoint would probably have been at C224, after the last
region of sequence homology to the respective donor VH
germline genes, but before the common 3'-VH region.
However, a heptamer-like sequence can only be detected
before (C204) and after (C233) this point.

In early PCR studies for the amplification of antigen recep-
tor rearrangements, the generation of chimaeric molecules as
a result of PCR recombination events has been described
repeatedly.”” However, since then PCR conditions have
improved considerably, particularly by the introduction of new
types of polymerases and newly designed primer systems. The
Ig PCR system used in our study is based on up to date
polymerases (TaqGold) and on VH family specific primers,
which have been approved by their application to several
thousand lymphoproliferative disorders, including extensive
single cell studies.” In none of these cases have artificial chi-
maeric PCR products been produced. Furthermore, all experi-
ments were performed three times, and concordant results
were produced. The derivation of our Ig sequences from indi-
vidual rearrangements is further underscored by detailed
sequence analysis of the PCR products. All rearrangements are
in frame and, even more striking, there are common and dif-
ferent somatic mutations in the 3’ portions of the VH
segments. These mutation patterns, which fulfill the criteria
for ongoing somatic mutations, cannot be generated by coin-
cidental PCR recombinations, but reflect the presence of
different individual B cell clones in our cases.

“Our findings of receptor revision in mucosa associated
lymphoid tissue lymphomas demonstrate that this process
of rearranging is not only active in physiological germi-
nal centre B cells but also in lymphomas with ongoing
immunoglobulin mutations”

To confirm the presence of the revised Ig rearrangements by
an independent approach we performed additional PCRs with
forward primers designed for the CDR2 of each of the four
rearrangements of case 1 (group 1, VH3-07; group 2, VH3-23;
group 3.1 and 3.2, VH3-30). The reverse primer was located in
the common clone specific CDR3 portion. Amplification was
carried out separately for each primer pair and PCR products
were obtained with all four primer combinations. Sequence
analysis of these PCR products demonstrated that the
sequences generated by the clone specific PCR matched the
corresponding rearrangements amplified by the previous FR1
PCR (data not shown). This unequivocally confirms the exist-
ence of revised IgH rearrangements in the tumour cells of case
1. Unfortunately, there was no more suitable material left for
the re-analysis of case 2.

Our findings of receptor revision in MALT lymphomas
demonstrate that this process of rearranging is not only active
in physiological germinal centre B cells but also in lymphomas
with ongoing Ig mutations. This might have implications for
the interpretation of clonality studies based on Ig rearrange-
ments because the expected clonal appearance might be con-
fused by additional dominant B cell clones, leading to the
interpretation of an oligoclonal reactive B cell expansion
instead of a clonal malignant B cell population. Finally, the
presence of antigen receptor revision might interfere with
anti-idiotypic vaccination strategies because the tumour cell
clone might possess more than one type of Ig receptor.
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Take home messages

® VH replacement was found in the two mucosa associated

lymphoid tissue lymphomas studied, and the mutational

pattern was in line with the hypothesis that in mature B cells

these replacements are associated with active somatic

hypermutation

Tzus, VH replacements appear to be a further mechanism

for reshaping antigen affinity and specificity

e These receptor modifications are not restricted to normal
and reactive germinal centre B cells, but can occur in close
association with the development of malignant B cell
lymphomas

e This might have implications for the interpretation of clonal-
ity studies based on immunoglobulin rearrangements
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