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In search of the mechanism that shapes
the neutrophil’s nucleus
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The organization of the genomewithin the confines of the
nuclear compartment is considered a key contributor to
transcription andDNA replication, repair, and recombina-
tion. A typical higher eukaryotic cell has a spherical nu-
cleus that is ∼10 µm in diameter. This is not the case
for a neutrophil, a short-lived innate immune cell with
an unusual multilobular nuclear structure that may serve
purposes outside nuclear functions. In this issue ofGenes
& Development, Zhu and colleagues (pp. 141–153) inves-
tigate the neutrophil’s genome organization and the
mechanisms that contribute to its unique nuclear shape.

The multilobular shape of a neutrophil’s nucleus is
thought to contribute to its fluidity and ability to crawl
through the endothelial lining of blood vessels and inter-
stitial spaces. These cellular properties are critical for rap-
id participation in the first line of an immune response
(Kolaczkowska and Kubes 2013). Mutations in the Lamin
B receptor (LBR), a nuclear envelope protein, result in the
loss of the neutrophil nucleus’s distinctive shape and im-
pair cell migration, suggesting that the mechanisms con-
trolling the shape of a neutrophil’s nucleus are critical
for its function (Gaines et al. 2008).
In the present study, Zhu et al. (2017) first investigated

how the genome is organized in the nucleus of a neutro-
phil. By combining both genome-wide Hi-C (chromosome
capture followed by high-throughput sequencing) and
FISH for a candidate locus-specific approach, the investi-
gators could interrogate the changes in chromosomal in-
teractions that take place as a mononuclear myeloid
progenitor differentiates into a polymorphonuclear neu-
trophil. Using these powerful methodologies, they found
that short-range intrachromosomal interactions (<3 Mb)
prevalent in myeloid progenitors are depleted in neutro-
phils, whereas long-range (>3 Mb) intrachromosomal and
interchromosomal interactions are greatly enriched.
It has been reported previously that, in cells with a glob-

ular nucleus, such as in the myeloid progenitors used by

Zhu et al. (2017), long-range chromosome interactions
fall into two classes (Fig. 1, class A and class B) and that
interactions between the two classes are mutually exclu-
sive (Lieberman-Aiden et al. 2009; Kalhor et al. 2011; Rao
et al. 2014). Class A is enriched for active chromosomal re-
gions defined by the presence and expression of genes,
DNase I hypersensitivity, and open or bivalent chromatin,
whereas class B displays an opposite pattern that is en-
riched for restrictive chromatin. Notably, the majority
of chromosomal domains that switch from short-range
to long-range interactions either belongs to class B in
both myeloid progenitors and neutrophils or switches to
class B upon differentiation. This indicates that although
long-range chromosome interactions are not exclusive to
repressed chromatin, any de novo interactionsmanifested
in the neutrophil’s nucleus are mostly between repressed
chromatin domains. Notably, genes associated with
domains that switch to long-range interactions in a neu-
trophil are already in a transcriptionally repressed chro-
matin environment marked with deposition of the
Polycomb complex repression mark H3K27me3 in mye-
loid progenitors. Consequently, the increase in the neu-
trophil’s long-range chromosomal interactions does not
correlate with changes in gene expression that occur
upon differentiation into a neutrophil. Thus, this increase
in long-range interactions between repressed chromosom-
al domains may serve or reflect a structural process that is
distinctive to the neutrophil.
The investigators next simulated the neutrophil’s chro-

mosomal contact data (Hi-C) in the confines of a spherical
or toroidal nuclear shape to generate three-dimensional
genome population models (Kalhor et al. 2011). Using
this approach, they show that chromosomes in the neu-
trophil’s toroidal nucleus have a substantially smaller ra-
dius of gyration compared with the spherical nucleus of
the myeloid progenitor, indicating chromosome compac-
tion in space. After modeling the myeloid progenitor’s
chromosomal contact data in the confines of a toroidal
nucleus, the investigators found similar results and
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concluded that the toroidal nuclear shape is the driver of
chromosome compaction.

What determines the toroidal shape? To answer this
question, the investigators evaluated the neutrophil’s ge-
nome-organizing elements (Fig. 1). DNA repeat elements
involved in the organization of subnuclear compartments
that belong to class B were tested. They show that ribo-
somal DNA (rDNA) repeat elements that serve as nucleo-
lus-organizing centers and are normally present in the
nuclear interior of a myeloid progenitor were relocated
at the nuclear lamina of a neutrophil, where they become
contracted (Pederson 2010). This nucleolus relocation to
the nuclear lamina correlated with a shut down in ribo-
somal RNA (rRNA) synthesis that is tolerated by the
short-lived neutrophil. Displacement and spatial contrac-
tion of centromeric repeats to the nuclear periphery in
neutrophils compared with myeloid progenitors was also
observed.Notably, thesewere the only interchromosomal
contacts that were specific to the neutrophil. Finally, long

interspersed nuclear repeat elements (LINEs), the most
abundant class of active autonomous transposons that
are repressed by the Polycomb complex (Ishak et al.
2016), were also displaced to the nuclear lamina of the
neutrophil. Thus, heterochromatin-associated DNA re-
peats are specifically displaced to the nuclear periphery
of the neutrophil, suggesting that relocation of class B
chromosomal regions from the nuclear interior may be
critical for its nuclear shape (Fig. 1).

Next, the investigators addressed the role of chromatin-
associated factors in dictating nuclear shape, with LBR at
the top of the list. They show that while displacement of
centromeres to the nuclear laminawas dependent on LBR,
displacement of LINE repeat elements was not. As LBR-
mediated location of centromeres to the nuclear periphery
has been reported in a variety of cells, such as lympho-
cytes, that do not have a toroidal nucleus, this is unlikely
to be the mechanism by which this structural factor con-
tributes to amultilobular nuclear shape. The role of nucle-
ar factors that regulate chromosome loop formation, such
as CTCF (loop anchor) and the RAD21 component of
the cohesin complex (loop extruder), was also tested. Al-
though no difference in CTCF enrichment was seen at
the domains that switch to long-range interactions in neu-
trophils, a depletion of RAD21was detected. One possible
explanation for the lack of RAD21/cohesin from these
sites could be replacement with another loop extrusion
complex, such as condensins. Another possibility is the
removal of these loop extrusion complexes, since the pro-
cess of chromosome compaction has already been per-
formed in a neutrophil.

In summary, Zhu et al. (2017) provide first insights into
how the genome is organized within the toroidal-shaped
nucleus of a neutrophil and open up new areas of research
into this intriguing subject. They show that restriction of
chromosomes in the smaller area of a neutrophil’s nucleus
requires a powerful chromosome compaction process. The
specific increase in long-range interaction between re-
pressed chromosome regions is not an obvious prediction,
suggesting that repressed chromatin and its contributing
factors may play a key role in nuclear reorganization.
Future studies should further evaluate how structural pro-
teins such as LBR and regulators of chromosome conden-
sation such as cohesins and condensins contribute to the
change in nuclear morphology. Are LINEs used in com-
bination with chromatin-organizing factors to pull the
neutrophil’s nucleus into shape? Since most of the chro-
mosomal regions displaced to the neutrophil’s nuclear
lamina and engaged in de novo long-range chromosome
interactions are regulated by Polycomb, is this repres-
sion complex required for shaping the nucleus of the
neutrophil?

Finally, the genomic organization of the neutrophil
might seem curious in the context of the limited require-
ment for new protein synthesis in these short-lived cells.
In this context, a distinctive function for the chromatin in
dying neutrophils is intriguing. The expiring neutrophil
releases its chromatin as a net that includes antibacterial
proteins (Kolaczkowska and Kubes 2013). This neutrophil
extracellular trap (NET) helps to eliminate invading

Figure 1. Hallmarks of the unique nuclear morphology of a neu-
trophil. Two subnuclear areas (class A and class B) with mutually
exclusive chromosome interactions are depicted for a myeloid
progenitor (left) and a differentiated neutrophil (right). The class
A area is associated with chromosome regions that are gene-
rich and transcriptionally active with open chromatin, whereas
class B is rich in DNA repeats and associated with repressed chro-
matin. Topologically associated chromosome domains (TADs)
residing within class A or B areas are color-coded as green or red.
Differentiation into a neutrophil is accompanied by displacement
of repressed chromosomal regions (class B) that contain centro-
meres (major satellites), long interspersed nuclear element 1
(LINE-1), and ribosomal DNA (rDNA) repeat elements from the
nuclear interior into the nuclear peripherywith supercontraction.
A change in the abundance of structural proteins such as Lamin B
is indicated. The release of neutrophil extracellular traps (NETs)
that contain chromatin and antibacterial proteins as part of a pro-
cess that eliminates invading micro-organisms is also shown.
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microorganisms (Fig. 1). Might the distinctive long-range
interactions of neutriphils’ heterochromatin be the pre-
cursor in the construction of this NET-like structure?
In conclusion, this study opens up new areas of investiga-
tion into not only how the nucleus is shaped but also for
what purpose.
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