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Abnormalities in maintaining the appropriate number of centrioles could be the origin of genome instability in
tumor formation. Recently, we demonstrated that ectopic formation of aberrant centriole-related structures occurs
even in the presence of pre-existing centrioles, leading to mitotic spindle defects and possibly contributing to
tumorigenesis.

The centrosome is the major microtu-
bule organizing center (MTOC) of animal
cells and is composed of 2 centrioles and
surrounding pericentriolar material
(PCM). Precise regulation of the centriole
number during the cell cycle is crucial for
proper bipolar spindle formation and thus
for genome integrity. Recent studies have
indeed highlighted that centriole amplifi-
cation can cause genome instability in
tumor formation.1 However, the underly-
ing mechanisms for accurate control of
centriole copy number remain incom-
pletely understood.

Centriole formation starts with the
assembly of a so-called cartwheel structure
onto which microtubules are in turn
added (Fig. 1, upper). The spindle assem-
bly abnormal protein 6 (SAS-6) family of
proteins have been shown to be evolution-
arily essential for centriole formation, and
were recently identified as crucial compo-
nents of the inner part of the cartwheel.2,3

A conserved binding partner of SAS-6
family proteins, SCL/TAL1 interrupting
locus (STIL; also known as anastral spin-
dle 2 [Ana2] in Drosophila or spindle
assembly abnormal protein 5 [SAS-5] in
C.elegans), also plays a critical role in cen-
triole formation through physical

interactions with the core centriolar com-
ponents centromere protein J (CENPJ,
also known as CPAP or spindle assembly
abnormal protein 4 [SAS-4] in C.elegans)
and polo-like kinase 4 (PLK4).4-6 In addi-
tion to the canonical mode of centriole
formation in which a new centriole assem-
bles in the vicinity of the parental centri-
ole, de novo assembly of centrioles in the
cytoplasm can be induced in the case of
natural or physical loss of pre-existing cen-
trioles.7 Although it is believed that this
ectopic assembly of centrioles is normally
suppressed in proliferating cells, how it is
achieved remains unknown. Recently, we
reported that RNA binding motif protein
14 (RBM14), a potential tumor suppres-
sor, is a novel suppressor of ectopic assem-
bly of centriole-related structures in
human and mouse cells.8

It has been shown that RBM14 is a
component of the nuclear paraspeckle, a
small intranuclear structure that contains
RNA and several ribonucleoproteins, and
functions in transcriptional regulation.9

Using mass spectrometry-based proteomic
analysis, we identified RBM14 as a STIL-
interacting protein. RNAi-mediated
depletion of RBM14 in human cells
resulted in dramatic amplification of

structures containing several centriolar
proteins in the cytoplasm. The ectopic
formation of such “centriolar protein
complexes” (Fig. 1, middle) occurred
independently of reduction of known
RBM14 function in transcriptional regu-
lation. Moreover, we found that RBM14
in the cytoplasm normally suppresses
complex formation between STIL and
CPAP by direct association with STIL
during interphase. We presume that, in
the absence of RBM14, STIL forms exces-
sive complexes with CPAP in the cyto-
plasm, leading to the ectopic assembly of
centriole proteins. Our correlative light
electron microscopy (CLEM) analysis
showed that most of these protein com-
plexes were unstructured, and seemed not
to be genuine centrioles. Intriguingly,
however, a microtubule renucleation assay
demonstrated that some of them retained
the ability to nucleate microtubules.
Given that CPAP provides a scaffold for
the assembly of PCM components in the
cytoplasm, we assume that the ectopic
STIL/CPAP complex could be a recruit-
ing site for PCM components for micro-
tubule nucleation.

Since the ectopic assembly of centriole
proteins induced by RBM14 depletion
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was not dependent on human SAS-6
(HsSAS-6), it is likely that a cartwheel
structure is dispensable for this process. In
addition, live-cell imaging assays revealed
that de novo formation of centriolar pro-
tein complexes took place in the cyto-
plasm and that these complexes gradually
increased in size during S phase. Further-
more, our live CLEM analysis revealed
that some of them subsequently incorpo-
rated other critical centriolar components
such as HsSAS-6 and grew into more
complete “centriole-like structures”
(Fig. 1, bottom). Considering that de
novo formation of premature centrioles
induced by physical removal of pre-exist-
ing centrioles is known to occur during S
phase,7 there might be a close linkage
between the 2 assembly mechanisms
involving centriolar proteins.

As a consequence of these events the
formation of bipolar spindles was signifi-
cantly affected, which frequently resulted

in the appearance of multipolar spindles
and “pseudo-bipolar spindles”, bipolar
spindles with clustered centriolar protein
complexes that were sometimes accompa-
nied by lagging chromosomes. Notably,
we also found a positive correlation
between the frequency of HsSAS-6
recruitment to those ectopic structures
and multipolar spindle formation, sug-
gesting that the centriole-like structures
with HsSAS-6 possess more robust
MTOC activity than the unstructured
centriolar protein complexes (Fig. 1,
bottom).

In contrast to our understanding of
canonical centriole formation, the mecha-
nisms of ectopic assembly of centriole pro-
teins have not been well characterized
until recently. However, over the past sev-
eral years, centrosomal protein 76kDa
(CEP76), neutralized E3 ubiquitin pro-
tein ligase 4 (NEURL4), and lectin galac-
toside-binding soluble 3 binding protein

(LGALS3BP) were reported
to function in the ectopic
formation of centriole-
related structures. Intrigu-
ingly, the extent of MTOC
activity and the components
of the ectopic structures that
are induced following deple-
tion of these proteins are
somewhat divergent. Further
studies will therefore be
needed to investigate such
aberrant assembly of centrio-
lar components and uncover
the mechanisms by which
they can become functional
structures serving as
MTOCs.

Considering these find-
ings, in this study, we sug-
gested a novel mechanism
whereby centriolar proteins
can assemble independently
of a cartwheel structure in
human cells. We also dem-
onstrated that depletion of
RBM14 in the early mouse
embryo induced amplifica-
tion of centriolar protein
complexes in the same
manner under physiological
conditions in vivo. From
the viewpoint of cancer

biology, our study raises the possibility
that formation of these aberrant struc-
tures related to centrioles could be a
cause of genome instability in tumor
formation. Although centriole amplifica-
tion is frequently found in many types
of cancer cells, the nature of such struc-
tures, which were recognized by only a
limited number of centriolar markers,
remains unclear. In this study, we
found that cells containing the centrio-
lar protein complexes, but not those
containing the centriole-like structures
with HsSAS-6, could form pseudo-
bipolar spindles that were sometimes
accompanied by lagging chromosomes,
and could survive after cell division.
Given that RBM14 has been reported
as a potential tumor suppressor in
human renal cancer cells,10 accumula-
tion of such kinds of minor errors
might promote tumor formation in the
long term.

Figure 1. Putative mechanism whereby RBM14 depletion induces the ectopic formation of structures related to
centrioles and affects mitotic spindle integrity. First, depletion of RNA binding motif protein 14 (RBM14) promotes
ectopic formation of SCL/TAL1 interrupting locus (STIL)/centromere protein J (CENPJ, also known as CPAP) com-
plexes, leading to ectopic assembly of the centriolar protein complexes in the cytoplasm. Although these protein
complexes seem to contain pericentriolar material (PCM) and function as microtubule organizing centers (MTOCs),
most of them probably form pseudo-bipolar spindles, sometimes accompanied by lagging chromosomes. A pro-
portion of these protein complexes that further obtain other critical centriolar components such as human spindle
assembly 6 homolog (HsSAS-6), a crucial component of the cartwheel, grow into structures that are more closely
related to centrioles and form extra spindle poles.
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