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Microcephalin guards against small brains, genetic instability,

and cancer

Through its roles in cell cycle control and DNA damage response, microcephalin (also known as BRIT1 or MCPH1) has been
implicated in fundamental biological processes, including regulation of brain size and maintenance of genomic integrity. Two
new reports in Nature Cell Biology and this issue of Cancer Cell provide further insights into the functions of microcephalin in
DNA damage checkpoints and timing of mitosis. Depletion or disease-associated mutations of microcephalin resulted in cen-
trosomal abnormalities and chromosomal instability. These findings and aberrantly reduced expression in human carcinomas
identify microcephalin as a candidate novel tumor suppressor.

Microcephalin is the product of the first
identified gene among several loci whose
mutations cause an autosomal recessive
disorder known as primary microcephaly
(Jackson et al., 2002), a condition char-
acterized by a markedly reduced brain
size and mental retardation (Woods et
al., 2005). Microcephaly of patients with
microcephalin mutations reflects defects
in neurogenesis, due to deficient mitosis in
neural precursor cells. The mitosis-regula-
tory function of microcephalin prevents pre-
mature chromosome condensation (PCC)
and may provide a timing device for mitotic
onset (Trimborn et al., 2004). Interestingly,
evolutionary analysis indicates that some
changes in the microcephalin gene have
been positively selected for during human
and great ape evolution and contributed
to the most striking differences between
humans and apes: brain size and cogni-
tive ability (Woods et al., 2005).
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Another clue about the biological role
of microcephalin was suggested by the
presence of three Brcal carboxy-termi-
nal (BRCT) domains in the protein. BRCT
domains are peptide and phosphopeptide
binding modules present in a range of pro-
teins involved in DNA damage response,
including checkpoint control and DNA
repair (Kastan and Bartek, 2004). Indeed,
microcephalin turned out to be required
for proper execution of the intra-S phase
and the G2/M checkpoints in response
to ionizing radiation, and it colocalized in
the so-called irradiation-induced nuclear
foci with other DNA damage response
proteins such as phosphorylated histone
H2AX (yH2AX), thereby identifying micro-
cephalin as a component of the DNA dam-
age response network (Xu et al., 2004; Lin
et al., 2005).

Those initial studies suggested that
microcephalin could play at least two roles

in cell physiology, in regulation of unper-
turbed mitotic cell cycles, and in response
to genotoxic stress. Two recent, comple-
mentary reports now shed more light on
these emerging cellular roles, and func-
tional consequences of diverse mutations
of microcephalin/MCPH1/BRIT1 found in
primary microcephaly (Alderton et al.,
2006) or, for the first time, in cancer (Rai
etal., 2006).

First, the team headed by Penny
Jeggo and Mark O’Driscoll (Alderton et
al., 2006) approached this issue inspired
by their previous discovery that hypo-
morphic mutations in ATR and defects
in ATR kinase signaling, one of the two
central pathways within the DNA damage
machinery (Kastan and Bartek, 2004),
caused Seckel syndrome, another disease
characterized by microcephaly (O’Driscoll
et al., 2003). The authors compared
responses to ultraviolet light and a repli-
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cation inhibitor, hydroxyurea, in cell lines
harboring different truncating mutations in
microcephalin, derived from microcephaly
patients, versus the ATR-deficient Seckel
syndrome cells. Alderton et al. (2006)
conclude that the role of microcephalin
in the S and G2/M checkpoints, including
the control of Cdc25A phosphatase turn-
over that is targeted by these checkpoints
(Kastan and Bartek, 2004), is shared by
the ATR-Seckel syndrome cells. Also,
nuclear fragmentation and supernumer-
ary mitotic centrosomes were present in
either microcephalin- or ATR-defective
cells. Alderton et al. also found a physical
interaction of microcephalin with Chk1, the
kinase that is activated by ATR in response
to replication stress and UV light, and they
propose that microcephalin may operate
in the ATR pathway downstream of Chk1.
Thus, the fact that ATR and microcephalin
may function in the same pathway could
explain those cellular phenotypes and
some clinical features that are shared by
the Seckel syndrome and primary micro-
cephaly patients.

On the other hand, there were also
features unique to microcephalin-deficient
cells: aberrantly low levels of the tyrosine
15-phosphorylated, inactive form of the
major mitosis-promoting kinase Cdk1, and
much more pronounced PCC, a hallmark
of premature mitotic onset. Alderton et al.
(2006) proposed that the role of micro-
cephalin in the regulation of mitotic entry
is independent of ATR, and that the strik-
ing phenomenon of PCC in the absence
of functional microcephalin reflects aber-
rantly high Cdk1-cyclin B kinase activity.

The other study, published in this issue
of Cancer Cell (Rai et al., 2006), focuses
on the role of microcephalin in response
to DNA damage and the potential involve-
ment of microcephalin in tumorigenesis.
The starting point of the work led by
Shiaw-Yih Lin was the previously identified
link between BRIT1/microcephalin and
radiation-induced checkpoints (Xu et al.,
2004; Lin et al., 2005), and the established
notion in the field that many components
of the DNA damage response network
have properties of tumor suppressors
(Kastan and Bartek, 2004). In the first set
of experiments, Rai et al. (2006) showed
that, in cells exposed to ionizing radiation,
the microcephalin/BRIT1 protein localizes
to sites of DNA damage marked by accu-
mulation of other established DNA dam-
age response proteins, such as the MDC1
and 53BP1 checkpoint mediators, NBS1,
or phosphorylated ATM, the key signal-
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ing kinase in response to DNA double-
strand breaks (Kastan and Bartek, 2004).
In addition, the authors conclude that, in
cells depleted of microcephalin/BRIT1 by
treatment with siRNA, radiation-induced
foci formation by the above-mentioned
upstream components of the DNA dam-
age response cascade is inhibited, as is
their interaction with chromatin. Analogous
experiments with UV irradiation indicated
that microcephalin/BRIT1 was required for
proper formation of ATR, RPA, and Rad17
foci and for UV-induced phosphorylation
of RPA and Rad17 (Rai et al., 2006), sug-
gesting that microcephalin is a proximal
factor in the hierarchical web of the DNA
damage pathways.

Arguably, the most exciting outcome
of the work by Lin and colleagues is the
evidence for a potential role of micro-
cephalin/BRIT1 in protection against
cancer, a notion supported by the fol-
lowing observations. (1) Depletion of
microcephalin/BRIT1 resulted in elevated
frequency of chromosomal abnormalities.
(2) Both gene copy number and expres-
sion of microcephalin/BRIT1 (at both the
mRNA and protein levels) were aberrant-
ly reduced in several breast cancer cell
lines and in human epithelial tumors of
the ovary and prostate compared to corre-
sponding normal tissues. (3) In one of ten
breast cancer specimens, a small dele-
tion, resulting in a premature stop codon,
was found in microcephalin/BRIT1. This
truncation eliminates the two C-terminal
BRCT domains of microcephalin/BRIT1,
and functional analysis showed this to be
a loss-of-function defect. In addition, the
mutant was present in a hemizygous state
in the tumor, with no detectable wild-type
transcript from the other allele (Rai et al.,
2006). Collectively, these results strongly
suggest that microcephalin/BRIT1 is a
candidate novel tumor suppressor in mul-
tiple cell lineages.

While the two reports offer intriguing
data that further implicate microcephalin
as an important player in the genome
maintenance machinery and a likely
tumor suppressor, many questions and a
puzzling discrepancy were also raised by
these studies. The latter relates to the fact
that, whereas Alderton et al. (2006) place
microcephalin rather downstream in the
ATR-Chk1-Cdc25A checkpoint cascade,
Rai et al. (2006) propose that it plays an
upstream role in responses to both ion-
izing and UV radiation. Whether these dif-
ferences might reflect different mutations
and knockdown protocols used in the two

studies, for example, needs to be estab-
lished by future work.

The obvious open questions relate
particularly to the mechanistic basis of
microcephalin action in the DNA damage
pathways. What is the exact role of micro-
cephalin in the interplay between the Chk1
kinase and its substrate, Cdc25A? Also,
how does microcephalin impact on Tyr15-
phosphorylation of Cdk1, and hence on the
timing of mitotic entry and chromosome
condensation? For example, could the
striking effect of microcephalin on mitotic
timing be related to its interaction with
Chk1, and the fact that both microcephalin
(Alderton et al., 2006) and Chk1 (Kramer
et al., 2004) reside on centrosomes, and
centrosomal Chk1 regulates the Tyr15-
phosphorylation status of Cdk1 and the
onset of mitosis (Krémer et al., 2004)? This
scenario would also fit the concept that
the mitotic role of microcephalin operates
in normal cell cycles and is distinct from
its role(s) in response to genotoxic stress.
Similarly, how would microcephalin achieve
in molecular terms its apparent upstream
effects on the DNA damage response cas-
cades reported by Rai et al. (2006)?

Finally, in terms of the link with tumor-
igenesis, it will be exciting to develop a
mouse gene knockout model, and also
find out if either or both the mitosis timing
function and the role in the genome integ-
rity maintenance contribute to the tumor
suppressor properties of microcephalin.
Given the recently discovered role of the
DNA damage response machinery as an
inducible barrier against cancer progres-
sion in early lesions (Gorgoulis et al.,
2005; Bartkova et al., 2005), microcepha-
lin defects such as those reported by Rai
et al. (2006) for the breast, ovarian, and
prostate tumors could significantly contrib-
ute to inactivation of this defense mecha-
nism in human cancer pathogenesis.
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Co-opted integrin signaling in ErbB2-induced mammary tumor

progression

Although almost two decades of study point to a central role for aberrant ErbB2 activation in breast cancer, many cellular and
biochemical mechanisms underlying ErbB2-induced tumor initiation and progression remain to be resolved. A study by Guo
et al. published recently in Cell indicates that the signaling function of 34 integrin actively contributes to the initiation, growth,
and invasion of ErbB2-induced mammary tumors in transgenic mice by promoting the activation of c-Jun and STAT3. These
observations offer novel mechanistic insight into ErbB2 action and highlight the notion that ErbB2 co-opts the functions of
other signaling proteins to elicit tumor progression.

Overexpression of the ErbB2 (HER2/neu)
receptor tyrosine kinase is observed in a
variety of solid tumor types, including 20%—
30% of breast tumors. Overexpression
correlates with poor patient prognosis
and resistance to some therapies. In vitro,
expression of a constitutively active point
mutant of ErbB2 is sufficient to mediate
the transformation of cultured cells, sug-
gesting that aberrant kinase activation is
sufficient to initiate tumorigenic processes.
Likewise, expression of an activated form
in the mammary epithelium of transgenic
mice gives rise to the rapid emergence of
invasive tumors, pointing to a central role
for ErbB2 activation in breast cancer malig-
nancy. Coupled with reports that ErbB2
overexpression is sufficient to activate its
tyrosine kinase activity, such observations
have prompted the development of strate-
gies to interfere with ErbB2 activity in breast
tumors. Indeed, the humanized anti-ErbB2
monoclonal antibody Herceptin has beenin
clinical use for over a half dozen years, and
other therapies are under development.
While it is clear that aberrant ErbB2
activation actively contributes to the gen-
esis and progression of breast tumors,
cellular and biochemical mechanisms
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underlying ErbB2-mediated proliferation
and invasion remain to be fully elucidat-
ed. Of particular interest are the mecha-
nisms connecting activated ErbB2 to the
breakdown of mammary epithelial cell-cell
interactions. ErbB2 activation dissolves
interepithelial cell interactions mediated
by tight junctions or by adherens junctions
through E-cadherin, leading to a loss of cell
polarity and the initiation of invasion. An
insightful study by Guo et al. (2006) points
to a key role for cellular signaling mediated
by B4 integrin in ErbB2-mediated prolifera-
tion and invasiveness of breast tumor cells
and underscores an unappreciated role for
STAT3 signaling in mediating the loss of
mammary epithelial adhesion.
Hemidesmosomal a634 integrin con-
tributes to the anchoring of mammary epi-
thelial cells to the basement membrane
through its intracellular interactions with
the cytoskeleton and extracellular interac-
tions with the matrix component laminin-
5. Several studies suggest that the large
intracellular domain of the B4 subunit is
also involved in cellular signaling. For
example, expression of 4 integrin in 34-
deficient cultured breast cancer cells aug-
ments cellular invasive properties (Shaw

et al., 1997). This effect requires the B4
intracellular domain and is suppressed by
inhibitors of PI3 kinase activity, suggesting
that B4 signaling to the PI3 kinase pathway
augments the invasiveness of these cells.
Moreover, blocking antibodies to either a6
or 34 integrin subunits suppress the forma-
tion of apoptosis-resistant acinar structures
in Matrigel by mammary epithelial cells
(Weaver et al., 2002), suggesting a role
for B4-mediated cellular polarity in mediat-
ing antiapoptotic signaling. Finally, B4 has
been demonstrated to physically interact
with ErbB2 in some cultured breast tumor
cells, and the two proteins synergize in
promoting cellular proliferation and inva-
sion (Falcioni et al., 1997). Taken together,
these and other in vitro studies strongly
point to a potential role for 34 signaling in
promoting breast tumor progression.

To examine the role of B4 integrin sig-
naling in ErbB2-induced mammary tumors
in vivo, Guo et al. employed a knockin
mouse where expression of the endoge-
nous 34 gene was replaced with a variant
(called 1355T) lacking the carboxy terminal
~450 amino acids. This form is capable of
interacting with laminin-5 and the keratin
cytoskeleton, thus maintaining the ability
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