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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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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.

www.molpath.com

Lenze, Greiner, Knorr, et al

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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