ISSN 0233-7657. Biopolymers and Cell. 2014. Vol. 30. N 2. P. 90-95

doi: http://dx.doi.org/10.7124/bc.000886

UDC 575.224.2 + 616-006.44

Translocations affecting human immunoglobulin

heavy chain locus

L. V. Sklyar"*°, O. V. Iarovaia®’, M. Lipinski“’, Y. S. Vassetzky™*

'CNRS UMRS126, Paris-Sud University, Gustave Roussy Institute
114, rue Edouard Vaillant, 94805 Villejuif Cedex-France

“Institute of Gene Biology, Russian Academy of Sciences
34/5, Vavilova Str., Moscow, Russian Federation, 119334

3 LIA 1066 French-Russian Joint Cancer Research Laboratory
Villejuif, France—Moscow, Russian Federation

vassetzky@igr.fr

Translocations involving human immunoglobulin heavy chain (IGH) locus are implicated in different
leukaemias and lymphomas, including multiple myeloma, mantle cell lymphoma, Burkitt’s lymphoma and
diffuse large B cell lymphoma. We have analysed published data and identified eleven breakpoint cluster regions
(bcr) related to these cancers within the IgH locus. These ~1 kbp bcrs are specific for one or several types of
blood cancer. Our findings could help devise PCR-based assays to detect cancer-related translocations, to
identify the mechanisms of translocations and to help in the research of potential translocation partners of the
immunoglobulin locus at different stages of B-cell differentiation.
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Introduction. One hundred years ago German cytolo-
gist Theodor Boveri proposed that translocations may
giverise to cancer [ 1]. Translocations are the transfer of
a piece of one chromosome to a non-homologous chro-
mosome or to a new site on the same chromosome. In-
deed, translocations are associated with many cancers,
including sarcomas, lymphomas, leukaemias efc. [2].
These translocations involve specific loci and genes.

Translocations may place genes in new linkage relation-
ships, produce chimeric genes and could generate chro-
mosomes without normal pairs [3]. Human immuno-
globulin heavy chain locus is one of the most frequent
partners in translocations leading to leukaemias and
lymphomas. Here we shall consider translocations in-
volving this locus, its potential partners and mecha-
nisms leading to translocations and lymphomagenesis.
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Mechanisms of translocations. Translocations re-
sult from erroneous double-strand breaks (DSB) repair
in DNA [4]. The DSBs appear in physiological and pa-
thological processes and under the influence of exter-
nal conditions such as oxidative stress and ionizing ra-
diation (for review see [5]). DSBs also occur in immu-
noglobulin genes during lymphoid cell maturation [6].

The appearance of DSBs activates the cellular DNA
repair machinery that catalyses the joining of broken
chromosome ends [7] that can occur either by homolo-
gous recombination (HR) or by non-homologous end
joining (NHEJ). NHEJ joins the ends of the broken chro-
mosome; this repair mechanism is error-prone and can
result in variety of rearrangements: deletions, duplica-
tions, and inversions. Furthermore, translocations may
occur when the broken ends of two non-homologous
chromosomes are joined together.

Chromosomal translocations may result in tree pos-
sible scenarios: (1) deregulation of important genes, and
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particularly proto-oncogenes and tumour suppressor
genes crucial for regulation of most cellular processes
[8—10]. This happens either by juxtaposition of onco-
genes to a transcription control element of another gene
on a different chromosome, thereby leading to an abnor-
mal expression of the translocated gene or by relocali-
zation of the translocated region in the nuclear space
[11, 12]; (2) the translocation may result in the for-
mation of a unique fusion gene, which in turn codes for
an activated form of the protein that affects the normal
cellular physiology; (3) some translocations, particular-
ly non-reciprocal ones, may lead to changes in gene do-
sage, i. e. loss of tumour suppressor genes or duplica-
tion of oncogenes.

Translocations in lymphomas and leukaemias.
Vast majority of lymphomas and leukaemias are cau-
sed by translocations. The elevated frequency of trans-
locations in this case is due to high amount of DSBs at
immunoglobulin genes generated by RAG1/2 during
V(D)J recombination, T-cell receptor (TCR) gene re-
arrangement and activation-induced (DNA-cytosine)
deaminase (AID) during somatic hypermutation and
class switch recombination essential for creation of anti-
gen repertory [6].

V(D)J recombination is a physiological process du-
ring which variable (V), diversity (D) and joining (J)
segments of immunoglobulin (Ig) or T-cell receptor
(TCR) genes are rearranged and lead to great diversity
of the Ig/TCR repertoire. This process is mediated by
lymphocyte-specific endonucleases (RAG1, RAG2)
which cut the regional V(D)J genes at flanking recom-
bination signal sequences (RSS) consisting of specific
highly conserved heptamer and nonamer sequences
with a non-conserved spacer (12 or 23 nucleotides) in-
between [13, 14]. Subsequently, the coding segments
are joined using the classical non-homologous end-joi-
ning (NHEJ) pathway. Translocations during V(D)J-
recombination may lead to different cancers, e. g. mul-
tiple myeloma, mantle cell lymphoma, or childhood
acute lymphoblastic leukemia (see below).

Somatic hypermutation and class switch recombi-
nation in the Immunoglobulin heavy chain locus (IgH)
also play a key role in generating antibody diversity.
Activation-induced (DNA-cytosine) deaminase [13,
15, 16] participates in both processes. AID deaminates
the cytosines present in single-stranded regions (during

transcription or formation of R-loops) into uracil, which
results in a mismatch. This can be further processed by
uracil N-glycosylase/AP endonuclease, finally leading
to either a mutation or a DSB [14, 17-20]. The DSB ge-
nerated is an intermediate for class switching and, there-
fore, if unrepaired, can be a suitable candidate for illegi-
timate joining. This is supported by recent studies, whe-
re it was demonstrated that the breaks in the c-myc gene
locus during t(8;14) translocation, characteristic of Bur-
kitt’s lymphoma, are induced by AID 10 [21-24]. The
c-myc region has also been suggested to form G-loop
structures on plasmid DNA, which can be bound by
AID [25].

Translocations in the human immunoglobulin
heavy chain locus. Active recombination occurring at
the IgH and TCR loci makes them ideal partners for
translocations; indeed, many cancers are linked to trans-
location in these loci (for review see [3]). In the present
review we shall concentrate on translocations invol-
ving the IgH located in the subtelomeric region of the
14q chromosome at 14q32.33. The IgH spans 1250 ki-
lobases (kb). It consists of 4 parts: V (variable), D (di-
versity), J (joining), and C (constant). Each part con-
tains a significant amount of genes, 129 IGHV genes,
27 IGHD segments belonging to 7 subgroups, 9 IGHJ
segments, and 11 /GHC genes [21]. These genes are
the subjects to V(D)J-recombination in bone marrow,
and class-switch recombination in germinal centers.

Translocations in the IgH locus during the B-cell
differentiation could involve different parts of the locus
and lead to a different type of cancers. Below we shall
concentrate on the translocation hotspots also called
breakpoint cluster regions (bcrs) within the IgH region.
Translocations in the IgH locus have been extensively
characterized [26—52]; reviewed in [36, 52, 53], but so
far, no comprehensive analysis of the localization of
bers in this locus has been done.

Breakpoint and translocation clusters were identi-
fied in several lymphomas; their average size is ~1 kbp
[54]. We have identified bers involved in translocations
with different partners leading to lymphoid malignan-
cies. We have analysed published data to identify the
breakpoint regions in cancers with translocations invol-
ving the IgH locus (Mantle cell lymphoma, Burkitt’s
lymphoma, diffuse large B-cell lymphoma, and multip-
le myeloma). We have found 195 individual transloca-
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Breakpoint cluster regions in the human immunoglobulin heavy chain gene locus

ij::ff:gl?;“ Type of cancer Number of cases IgH region ber size, bp Cl;"{riz:t:e;"
berl Mantle cell lymphoma 3 IGHDS5-18 978 929160-930137
bcr2 Mantle cell lymphoma, 18 IGH J4-J5-J6 1060 959075-960135
Burkitt’s lymphoma 5
ber3 Mantle cell lymphoma 3 IGH J2-J3-J4 1184 957695-958878
berd Mantle cell lymphoma, 6 IGHM 995 962031-963025
Burkitt’s lymphoma 7
bers Mantle cell lymphoma, 3 IGHM 1083 963016-964099
Burkitt’s lymphoma 10
bcr6 Mantle cell lymphoma, 2 IGHM 1340 964148-965487
Burkitt’s lymphoma 5
ber7 Diffuse large B-cell lymphoma, 2 IGHG3 731 1049447-1050177
Multiple myeloma, 2
Burkitt’s lymphoma 4
bcr8 Multiple myeloma, 5 IGHGI 1087 1077375-1078461
Burkitt’s lymphoma 10
ber9 Burkitt’s lymphoma 17 IGHA1 1278 1111692-1112969
berl0 Multiple myeloma, 8 IGHA1 463
Burkitt’s lymphoma 4 1113339-1113809
berll Burkitt's lymphoma 4 IGHE 416 1232681-1233096
V1-129 900 kb toJ sequences D1-27 J19 Berd,bers bcr6 Ber? Ber8 Berd, ber10 Berll
- Berl Ber3 vyl ye al Y2 v4 e a2
e e
Telomere L [ Ber2
! ~4.2 kbp ~16kbp ~15kbp ~18 kbp
~ 42 kbp ~6 kbp ~ 55 kbp

Breakpoint cluster regions in the human immunoglobulin heavy chain gene locus

tion breakpoint sequences in the IgH locus. These were
grouped into bers, with the condition that one ~1 kbp
ber should include no less than 3 individual transloca-
tion events. We could identify eleven bcrs. These data
are summarized in Table and Figure.

Mantle cell lymphoma (MCL) is caused by a t(11:
14) involving IgH and CCNDI1 loci [54]). The trans-
location is thought to occur during V(D)J recombina-
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tion [55]. Indeed, most MCL-related breakpoints are
located in the JH region. They are concentrated in two
bers (ber2 and ber3) in JH regions 2—4 and 4—6 [28, 36,
46, 49, 50, 54, 55]. An additional bcr (berl) is located
in the D region, what is not very characteristic of MCL
[49].

IgH/c-myc translocations (t(8:14)) lead to Burkitt’s
lymphoma (BL) [42, 43]. These translocations occur
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during somatic hypermutation (SH) [56] or class switch
recombination (CSR) [44]. Bcrs for BL thus occur
mostly in JH regions [40] and the constant region of the
IgH locus, precisely in p, y3, 01, y1 and € genes [40, 43].

The WHSC1 (Wolf-Hirschhorn syndrome) gene lo-
cated on chromosome 4 is the main IgH translocation
partner in multiple myeloma. This translocation occurs
during CSR [34, 57]. Logically, breakpoint regions for
multiple myeloma (bcrs4—8, 10) are localized in the
constant region [34, 57].

Diffuse large B-cell lymphoma (DLBCL) is linked
to translocations with CCND3 and CCND4 genes on
chromosome 3 [40]). In general, this translocation oc-
curs during CSR [58] and somatic hypermutation [59].
The ber for DLBCL (bcr7) is localized in the y2 gene
(constant region).

Interestingly, several bers (ber2, 4, 57, 10) are not
specific for one type of cancer. These bcers are located
in the regions that are the subjects to V(D)J recombina-
tion (bcr2), CSR (berd4—8; 10) and SH (bcr2, 4-8, 10).
This suggests that these bcrs in the IgH locus are in
contact with several different potential translocation
partners at the same time. Whether it happens in all
B-cells, or there are subsets or individual B-cells where
IgH bers contact specific partners is not yet known.
This question might be answered by using a circular
chromosome conformation capture (4C) technique [29]
on individual cells and cell populations. The BCRs
identified in the present review may serve as conveni-
ent baites for this technique. Further studies will be ne-
cessary to answer the posed questions.
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Tpancnokaiii, 00yMOBJICHI JIOKYCOM Ba)XKOT'O JIAHIIFOTA TCHA

IMYHOTJIOOYITIHY JTFOTUHA
I. B. Cxuisip, O. B. SIpoa, M. Jlinuncekuii, €. C. Baceubkuit

Pestome

Tpancnokayii 3a yuacmi 10Kyca 6axicKo2o 1anyloea 2eHa IMyHON0-
6yniHi6 8idicparoms neeHy poib 8 OHKO2eHe3l bazamvox nimgom i neti-
KeMill, ceped SIKUX MHOJNCUHHA MIENOMA, NMPoMa MAHMIUHOI 30HU,
aim¢poma Beprimma ma oughysna B-knimunna nim¢poma. Ha ocnosi
ananizy onyonikoeanux oanux mu eudiruiu 11 obracmetl, y skux 6iooy-
8AI0MbCsL MPAHCIOKAYILL, WO NPU3BOOAMb 00 SUULE32A0AHUX TIMPOM §

netikemiu. Kooicna 3 maxux obnacmett (pozmipom npubausro 1000 nap
HYKIeomudis) Modice 6pamu yuacme y mpanciokayisix, AKi Cnpuiuns-
10Mb 00UH abo OeKinbka munie paxy. Ompumani pe3yibmamu MosiCHA
BUKOPUCTNOBYSAMU NPU PO3POOYL OiA2HOCIUKU MPAHCIOKAYIU, KI U~
KAUKAIOMb PAK KPOBI, a MAKONC npu i0enmuikayii nomeHyiuHux
MPAHCIOKAYIIHUX NAPMHEPIE TOKYCA 8ANHCKO20 IAHYI02A 2eHd IMYHO-
2106y NiHI6 Ha pisHux cmadiix ougepenyitosants B-nimgoyumis.
Knrouosi crosa: mpanciokayii, 6axcKuil 1anyio2 iMyHO2I00VaIHY
JIOOUHU, OHKO2€eHe3, iMpoma, netikemis, oughepenyirosans B-kaimun.

TpaHCHOKaHI/II/I, 06yCJ’IOBJ’IeHHI>I€ JIOKyCOM TSDKEJION eI reHa

UMMYHOTTIOOYJIMHA YeTIOBeKa
. B. Cxusap, O. B. Sposas, M. Jlunuuckuii, E. C. Baceuxuit

Pesrome

Tpanciokayuu ¢ ywacmuem 10Kyca madicenol yenu eeHd UMMyHON0-
OYIUHOB USPAIOM ONPEOeNeHHYIO POIlb 8 OHKO2EHEe3e MHOSUX TUMPOM U
JetikeMutl, GKIIOUASL MHONCCCMBEHHYIO MUETOMY, TUMPOMY MAHMUL-
Hou 3061, 1uMPomy bepkumma u oughgysuyro B-knemounyio numgho-
my. Ha ocnose ananuza onyonukosantwix 0aHnbix muvl uioenunu 11 06-
aacmetl, 8 KOMOPLIX NPOUCXOOAM MPAHCIOKAYUY, NPUBOOAUUE K Gbl-
weynomAHymuimM aumpoman u aevikemusam. Kascoas uz maxux oona-
cme (pasmepom npumepro 1000 nap nykieomudos) mosxcem yuacm-
606aMb 6 MPAHCIOKAYUAX, AGIAIOWUXCA NPULUHOU OOHO20 UNU He-
CKOLKUX munoe paxa. [lonyuennvle pe3yibmanmst MOJICHO UCNONb3O-
samv npu paspabomxe OUAHOCMUKU MPAHCIOKAYULL, BbI3bIBAIOUUX
PAK Kposu, a maxaice npu u0eHmupurayuu NOmeHyuaIbHolxX Mpancio-
KAYUOHHBIX NAPMHEPOB JOKYCA MANCENOU Yenu 2eHa UMMYHO2N00YIU-
HO8 HA pa3HbIX cmaousx ouggepeHyuposku B-numpoyumos.

Kniouegvie cnosa: mpancioxayuu, msaicenas yenv UMMYHO210-
OyIuna uenoseka, OHKo2eHes, aumgoma, neuxkemus, ougpepenyu-
poska B-kiemox.
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