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Immunoglobulin heavy chain (IGH) gene locus is expressed monoallelically in human B cells. Aim. To study the
role of nuclear organization in regulation of the /GH expression during B-cell differentiation. Methods. Immuno-
fluorescence in situ hybridization on 3D-preserved nuclei (3D immuno-FISH). Results. Active RNA polymerase
II (Pol II) molecules and the IGH locus were detected in the periphery of the nucleoli at some stages of B-cell
differentiation. Conclusions. We observed significant changes in the pattern of distribution of RNA polymerase
I in the nucleus during B-cell differentiation, but no preferential co-localization of the productive IGH allele with
the transcription factories in the vicinity of the nucleolus and in the nucleoplasm was observed.
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Introdution

Nucleus is divided into transcriptionally active and
repressive  compartments (reviewed in [1]).
Transcriptional activation is associated with the eu-
chromatic regions of the nucleus and transcriptional
factories (reviewed in [2]). A functional immuno-
globulin heavy chain is produced monoallelically
(Rajewsky 1996); it undergoes regulated transcrip-
tion during the B lymphocyte development.
Transcription might be controlled by localized al-

terations in the chromatin structure. Whether such a
mechanism is sufficient to account for the allele-spe-
cific transcription of the /GH locus is currently un-
known. In mice, the localization of productive and
non-productive /GH alleles changes during B-cell
maturation. A non-productive /GH allele is located
close to the nuclear periphery whereas the produc-
tive /GH allele is associated with euchromatin [5-7];
much less is known about the role of nuclear organi-
zation in the human /GH allelic transcription. We
have recently found that the /GH locus was located

© 2016 A. Pichugin et al.; Published by the Institute of Molecular Biology and Genetics, NAS of Ukraine on behalf of Biopolymers and Cell.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited

179



A. Pichugin, O. Iarovaia, I. Sklyar et al.

close to the nucleolus in both naive and activated
B-cells [8] as well as in B-cell lymphoma [9].
However, the functional significance of this localiza-
tion remains unknown.

Given the evidence that the eukaryotic gene acti-
vity can be regulated by subnuclear compartmenta-
lization (reviewed in [10]), we investigated whether
the perinucleolar localization of the /GH locus might
play a role in controlling its transcription. Here we
have used 3D-fluorescence in sifu hybridization
(3D-FISH) combined with immunofluorescence to
co-detect the localization of the /GH alleles, nucleo-
li and transcription factories at different stages of B
lymphocyte maturation.

Materials and Methods

In vitro B-cell differentiation

Peripheral blood cells from healthy volunteers were
purchased from the French Blood Center. B-cells at
different stages of differentiation were obtained es-
sentially as described in [11]. Plasmocytes were iso-
lated from peripheral blood using the CD138+
Plasma Cell Isolation Kit (Miltenyi Biotech).

Three-dimensional fluorescence in situ hybridi-
zation (3D-FISH) and immuno-detection

3D FISH experiments were essentially carried out as
described elsewhere [9]. The stained probes used in
this study (RP11-346120 that recognizes the constant
region of the IGH locus and RP11-259B19 for the
J/D region) were purchased from Blue Gnome
(Cambridge, UK). Nucleoli were detected using
mouse anti-B23 antibody (Sigma, St Louis, MO)
and chicken anti-mouse Alexa 647 (Molecular
Probes, Carlsbad, CA). The Pol II antibodies were
from Active Motif, Carlsbad, CA. The images were
processed and analyzed as described in [9].

Results and Discussion

In order to study whether the /GH localization vs.
transcription factories undergoes dynamic changes
linked to its functional status, we have followed the
localization of the /GH alleles in human cells during
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B-cell maturation in vitro [11]; this system allows
reproducing the major stages of B-cell differentia-
tion in lymph nodes. We used B-cells at the follow-
ing stages: naive B-cells (Day,), activated B-cells
(Day),), cells at the stage of plasmoblast differentia-
tion (Day,), and cells at the stage of somatic hyper-
mutation and class switch recombination (Days).

The /GH locus being located close to a nucleolus
at some stages of B-cell maturation [8], we wondered
whether its transcription would actually take place in
the perinucleolar region which, with some exceptions
[9] is not known for being prone to [the] RNA poly-
merase II (Pol II)-dependent gene transcription [12].
To test this, B-cells were stained using the B23 anti-
body that decorates nucleoli and the antibody to the
phosphorylated C-terminal domain of the transcrip-
tionally-active form of Pol II. These active Pol Il
molecules are present in nuclear foci called transcrip-
tion factories, where active transcription takes place
(for review see [2]). Typical Pol II staining patterns
are presented in Fig. 1. Uniform staining of active Pol
IT molecules was detected in the immediate vicinity
ofnucleoli in naive B lymphocytes at Day,,. Activation
of B-cells at Day, led to a decrease in Pol II staining
with transcription factories being organized in clus-
ters, some of them adjacent to the nucleolus. At Day,,
Pol II was excluded from the perinucleolar regions;
at Days, this exclusion zone disappeared and intense
Pol II staining surrounded the nucleolus. Finally, in
plasmocytes, Pol Il staining concentrated in the cen-
ter of the nucleus, with some staining around the nu-
cleolus (Fig. 1).

Next, the proximity between the /GH alleles and
Pol II foci at different stages of B-cell differentiation
was evaluated using an immuno-FISH approach
whereby nucleoli, Pol II clusters, and the productive
IGH alleles were all simultaneously visualized. [The]
Signals from the productive /GH allele (green), and
Pol II (white) were scored in relation to their proxim-
ity to the nucleolus (blue). The results are summarized
in Fig. 2. These data indicate that the productive /IGH
allele is preferentially colocalized with the transcrip-
tion factories at the nucleolus in naive B-lymphocytes
at Day,and at the SHM and CSR stages at Day.
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Day, Day,

Day,

Day, Plasmocytes

Fig. 1. Localization of transcription factories and nucleoli during induced B-cell maturation. Active RNA polymerase II (green) and
nucleoli (B23, blue) were simultaneously revealed by immunostaining. Typical images are shown. Scale bar=5um

B-cells are monospecific, i.e. they produce one anti-
body per cell. This is due to allelic exclusion of im-
munoglobulin (Ig) heavy (H) and light (L) chain genes
established during V(D)J recombination (reviewed in
[13]). While the somatic generation of functional Ig
genes by V(D)J recombination is a subject to allelic
exclusion, the expression of Ig loci per se does not ap-
pear to be monoallelic as Ig transcripts are expressed
from both alleles whereas only one of the two Ig al-
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leles is functional [14]. The molecular and cellular
mechanisms regulating allelic exclusion during V(D)J
recombination are well studied [15], much less is
known on how these mechanisms operate at the final
stages of B-cell differentiation. DNA methylation [16],
chromatin organization [17] and subnuclear localiza-
tion [5—8] might contribute to this process.

The positioning of one allele in the vicinity of a
nucleolus, a statistically significant difference be-
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Fig. 2. Association of IGH al-
leles with the RNA poly-
merase 11 during B-cell matu-
ration. A, quantitation of co-
localization of the productive
(red) and non-productive
(blue) IGH alleles with the
nucleolus and transcription
factories. B, Representative
images of the productive
(green) and non-productive
(merged green and red) IGH
alleles with nuclei stained for
nucleolus (bleu) and RNA
polymerase II (gray) at differ-
ent stages of B-cell matura-
tion. Scale bar=5pum and 1pm
in zoom.
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tween the two alleles, may be linked to the IGH ex-
pression. Indeed, transcriptionally active Pol II clus-
ters could be observed in the vicinity of the nucleolus
in lymphoid cells [9]. It is also known that nuclear
factors localized in and around the nucleolus, such as
nucleolin, are essential for [the] /GH transcription
[18]. Using immuno-FISH experiments, we analyzed
the localization of the two alleles with clusters of
transcriptionally active Pol II molecules (transcrip-
tion factories, see [2] for review). We could not ob-
serve any preferential localization of the productive
IGH allele with the transcription factories in the vi-
cinity of the nucleolus and in the nucleoplasm. At the
same time, the pattern of distribution of RNA poly-
merase Il changed during B cell maturation, with the
most striking feature being the exclusion of active
RNA Pol II molecules from the perinucleolar region
in activated B cells at Day,. We have also detected
the presence of active Pol II clusters in the periphery
of nucleoli that in normal cells is mostly occupied by
heterochromatin [12] and therefore is not prone to the
Pol II transcription. Further studies are necessary to
establish a link between transcriptional activity and
subnuclear organization of the /GH alleles.
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BuyTpimHbosiiepHa JioKaJi3alis TPAHCKPUIIIHHUX
¢adpuk i asesiell reHy BaKKOIo JIAHIIOTY iMYHOI100yJ1iHY
B npoueci 1o03piBaHHs B-KJIiTHH JT10AMHU

A. B. ITnayrin, O. B. Sposa, 1. B. Cxisp, I. JIsskom0,
C. B. Pasumn, T. ®ect, M. Jlunuuckii, €. C. Baceupknii

JInie otvH annesnb reHy BayKKOTo JIaHIrory imyHorooyiiny (IGH)
eKcrpecyeThest B B-kinitunax moauan. MeTa. Buauth pois siaep-
HoI opranizauii y perymsuii ekcripecii IGH npu nudepenuiroBanui
B-xmitna. Metomu. IMyHOQuyopeciieHTHa TiOpumu3anis in situ
(3D immuno-FISH). Pe3yabraTtu. AxtuBHa dhopma PHK-momime-
pasu II (Pol I1) i rer IGH Oynu BusiBiieni Ha nepudepii saeperp Ha
JIeIKUX CTajisax audepeHititoBands B-kiitiH. BucHoBkn. Mu
criocTepirany 3Ha4Hi 3MiHH B xapakrepi posnoxity PHK-nonime-
pasu 11 B stapi mig yac qudepenniroBantst B-xitun. [pn isomy, He
CrIoCTepiraiocs MayKOPHOI JIOKai3alii mpoxykrusHoro aneni [GH
3 TPAHCKPHITIIHHUMY (pabprKaMHu Hi By Oe3mocepeIHiil OM3bKOCTL
BiJI si/iepelib, Hi B HYKJICOILTa3Mi.

Kao4oBi ciaoBa: reHM BaKKMX JIAHIJOTIB IMyHOIIOOYIIiHY,
TPaHCKPUITIIiS, SIp0, T03piBaHHS B-KimiTHH

BuyTpusiiepHas JiokaJu3anus TPAHCKPUIIUOHHBIX
(adpux u antesieii reva TAKe10i e HMMYHOIJIO0Y/IMHA
B Ipouecce co3peBanns B-kiieTok yesoBeka

A. B. [Tnuyrun, O. B. Sposas, U. B. Cxmsp, I. JIsxom0,
C. B. Pazun, T. ®ect, M. JIunuuckuii, E. C. Bacenknii

Jlumie ofMH ayuienb reHa TshKenoi ey nmMyHoroOymHa (IGH)
aKcrpeccupyercs B b-knerkax yenoseka. Llesb. M3yunts posb
SIIEPHOM OpraHu3aluy B peryssiiuu sxcnpeccun IGH B mpouecce
b depentposku B-kierok. Meronbl. iMmyHO(TyopecieHTHast
ruopuau3ais in situ (3D immuno-FISH). Pe3yabrarbl. AKTUBHAS
¢opma PHK-nonmmmepasst 11 (Pol IT) u rer IGH 6511 0OHApy»KeHbI
Ha Tiepudepur SIPHIICK Ha HEKOTOPBIX CTaausX AuddepeHim-
poBkH B-kieTok. BeiBoabl. Ml HaOIOaH 3HAYUTEIBHBIEC H3Me-
HeHus B xapakrepe pacrpenenenus PHK-nommmepasst 1 B siape Bo
Bpemst auddepenimpoBkn B-kietok. [Ipu aTom, He HabMIONAIOCH
IPEMYIIECTBEHHON JIoKau3auuu npoaykrusHoro autenst IGH c
TPAHCKPUIIIMOHHBIME (paGpHKaMH HU B HEIIOCPEACTBEHHOH OH-
30CTH OT SIPBIIICK, HU B HYKJICOIUIA3ME.

KiroueBble €JI0Ba: reHbl TSDKENBIX Lenel HMMYHOII00y1-
Ha, TPaHCKPUIILKSL, PO, 103peBaHue B-kieTok
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