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CUL4B ubiquitin ligase in mouse development: A model
for human X-linked mental retardation syndrome?
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CUL4B, a member of the cullin-
RING ubiquitin ligase family, is fre-
quently mutated in X-linked mental
retardation (XLMR) patients. The
study by Liu et al. showed that Cul4b
plays an essential developmental role
in the extra-embryonic tissues, while
itis dispensable in the embryo proper
during mouse embryogenesis. Viable
Cul4b-null mice provide the first
animal model to study neuronal and
behavioral deficiencies seen in human
CUL4B XLMR patients.

CULA4 is a member of the cullin-
RING ubiquitin ligase family, the larg-
est E3 ligase family, which appears to
account for ~20% of total protein deg-
radation by the ubiquitin-proteasome
system [1-3]. CUL4 is conserved during
evolution from yeast to human. In yeast,
CUL4 encodes a single gene, but mam-
malian cells express two closely related
paralogs, CUL4A and CUL4B with
about 82% sequence identity. CUL4A
and CUL4B assemble structurally simi-
lar E3 complexes through binding to an
adaptor protein (DDB1) and a substrate
receptor protein (DCAF) at the N-termi-
nus, and a RING protein RBX1 at the
C-terminus (Figure 1), and share func-
tional redundancy in targeting substrates
such as p21 and Cdtl for ubiquitination
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and degradation [1, 2]. The Cu/4a-null
mice are viable and display no abnormal
development and growth phenotypes,
likely due to functional compensation
from Cul4b [4, 5]. The only phenotype
associated with Cul4a abrogation is the
reproductive defects seen with male but
not female mice, resulting from dif-
ferential non-overlapping expression
patterns of the two Cul4 genes during
male meiosis [6]. On the other hand,
germline deletion of Cul4b resulted in
embryonic lethality around E9.5 [7],
indicating a unique function of Cul4b
that cannot be compensated by Cul4a
during embryogenesis.

Mental retardation (MR) affects ap-
proximately 1%-3% of the population
and is about 30% more common in males
than in females [8], suggesting a causal
relationship with gene mutations on the
X chromosome. To date, mutations in
about 100 genes have been identified in
X-linked MR (XLMR), much more than
those found on autosomes [9]. In 2007,
two independent groups reported that
mutations of CUL4B (Xq24) ubiquitin
ligase gene are associated with XLMR
[10, 11]. CUL4B-deficient patients
display a syndrome of delayed puberty,
moderate short stature, hypogonadism,
relative macrocephaly, central obesity,
fine intention tremor, brachydactyly,
and large tongue [10, 11]. Similarly,
the neuronal and developmental defi-
ciencies found in XLMR patients with
CULA4B mutations are not compensated

by CUL4A. The studies of the molecular
pathogenesis of human XLMR are lag-
ging partly due to the lack of an animal
model for the disease.

In the most recent study published
in Cell Research, Zhou and coworkers
[12] attempted to generate conditional
Cul4b knockout mice with targeted de-
letion of Cul/4b at exons 4 and 5, giving
rise to a non-functional Cul4b fragment
lacking both the DDB1-binding domain
and the cullin homology domain for
RBXI1 recruitment. The chicken-actin
(CAG)-Cre was used, which drives
Cre-mediated recombination at the early
zygote stage, leading to Cul4b deletion
in both the embryo proper and extra-
embryonic tissues. Like human CUL4B,
the mouse Cul4b is also located on
the X-chromosome. Intercrossing of
male CAG-Cre with female Cul4b"*
revealed that hemizygous deletion of
Cul4b causes embryonic lethality. No
embryos with the genotype of Cul4b™
survived beyond E9.5. Interestingly,
the heterozygous Cul4b™~embryos also
die in the uterus before E13.5, suggest-
ing that the paternal X chromosome
undergoes imprinted inactivation with
only trace amount, if any, of Cu/4b ex-
pression remaining in extra-embryonic
tissues. Detailed analysis of dissected
embryos revealed that dying Cul4b™~
embryos (E12.5) lack blood supply
from the yolk sacs, whereas the Cul4b™"
embryos (E8.5) showed remarkable
reduction in proliferation with growth
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Figure 1 Differential expression of Cul4a and Cul4b in the embryo proper and
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arrest at G2/M and enhanced apoptosis.
The authors went on and investigated
why Cul4a failed to compensate the
loss of Cul4b, and found a dynamic
expression pattern, differing between
two forms, during early embryonic
development. Prior to implantation,
both Cul4 proteins are detectable in the
blastocysts. Shortly after implantation,
while both forms are expressed in the
embryo proper, only Cul4b is expressed
in the extra-embryonic tissues. Thus,
upon Cul4b deletion, extra-embryonic
tissues without Cul4a compensation
degenerate, eventually leading to em-
bryonic death. Consistently, when the
authors deleted Cul4b in the epiblast
using the Sox2-Cre (targeted Cul4b
deletion in embryos proper only), viable
Cul4b-null mice are produced likely due
to Cul4a compensation. Thus, Cul4b is
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essential for the development of extra-
embryonic tissues, but is dispensable
for embryogenesis itself.

To study the potential underlying
mechanism(s) of embryonic lethality
upon Cul4b deletion in extra-embryonic
tissues, the authors used an extra-em-
bryonic cell line (XEN). Cul4b knock-
down induced a remarkable cell cycle
arrest at the G2/M phase, consistent
with observation made in Cu/4b-null
embryos, and robust accumulation of
p21, a universal inhibitor of cyclin de-
pendent kinase and a known substrate
of Cul4 [1]. To determine whether ac-
cumulated p21 is responsible for the
G2/M arrest, the authors simultaneously
knocked down both Cul4b and p21 in
XEN cells and observed a partial abro-
gation of growth arrest, suggesting that
p21 plays a causal role, at least in part.

Unfortunately, due to unavailability of
anti-mouse p21 antibody specific for
immunohistochemical staining, the
authors were not able to show if p21 is
indeed accumulated in extra-embryonic
tissues upon Cul4b deletion. However,
whether p21 indeed plays a causal role
in embryonic death upon Cu/4b deletion
can be unequivocally determined by a
rescuing experiment in which simulta-
neous deletion of p2/ should abrogate
or at least delay embryonic lethality,
if it is causal. Nevertheless, the study
by Zhou’s group can be summarized
as follows. Before implantation, both
Cul4a and Cul4b ubiquitin ligases are
expressed in the blastocyst (inner cell
mass and trophoblast cells). Following
embryo implantation, while Cul4b is
expressed in both the embryo proper
and extra embryonic tissues, Cul4a is
only expressed in the embryo proper.
The CAG-Cre-driven Cul4b deletion (in
both the embryo proper and extra-em-
bryonic tissues) causes significant p21
accumulation in Cul4a non-expressing
extra-embryonic tissues, resulting in
G2/M arrest, followed by embryonic
death due to degeneration of extra-
embryonic tissues. On the embryo side,
Cul4b deletion has no detrimental
consequence, benefiting from the
compensatory effect of Cul4a for p21
targeting. The same holds true when
Cul4b is deleted driven by embryonic
specific Sox2-Cre (Figure 1).

It is noteworthy that the studies by
Zhou’s group revealed two distinct dif-
ferences between Cul4b KO mice and
CUL4B-associated XLMR patients.
First, Cul4b deletion at the zygote stage
causes embryonic lethality, whereas
XLMR patients with CUL4B mutations
live to adulthood. Second, the Cul4b-
null allele cannot be transmitted from
the mother to the offspring, whereas
human XLMR patients inherit X-linked
CULA4B mutations from their mothers.
Nevertheless, viable Cul4b-null mice
(upon epiblast ablation by Sox2-Cre)
provide the first mouse model for mech-
anistic study of human XLMR diseases
associated with CUL4B mutations in the

1225



e

1226

following three aspects:

First, as noted earlier, human CUL4B
XLMR patients have multiple neuronal
and developmental defects. An obvi-
ous follow-up study will be to use this
mouse model for neurological and be-
havioral analyses to determine whether
Cul4b-null mice indeed present some of
human XLMR symptoms.

Second, this model can also be used
to validate whether accumulation of
Cul4b substrates during various stages
of brain development indeed plays a
pathogenic role and contributes to the
clinical symptoms of XLMR patients.
For instance, WDRS, a recently identi-
fied gene affecting general cognitive
ability [13], was found to be a novel
nuclear substrate of CUL4B, but not
CULA4A [14]. Investigation into whether
WDRS is abnormally accumulated upon
Cul4b deletion in vivo would rule in or
rule out its potential association with
human XLMR, although it was not
the case in this study using an extra-
embryonic cell line in vitro.

Third, the viability of Cul4b-null
mice upon epiblast-specific deletion
provides opportunities to study neu-
ronal specific ablation of Cul4b in
association with the pathogenesis of
CUL4B-associated XLMR. For ex-
ample, Culdb is expressed at high levels
in the hippocampus and cerebrum of
mouse brains; both regions are affected
in MR patients [15]. Thus, the use of
Cre mouse lines that target the deletion
of Cul4b in the entire brain, selected
brain areas, or specific neuronal cells in
both spatial and temporal manners [16]
would reveal potential contributions of
particular regions and cell types to the
development and symptoms of CUL4B-
associated XLMR.

A number of questions that war-
rant future investigation remain un-
answered. First, in addition to p21,
what are the other Cul4B substrates,
which also contribute to degeneration
of extra-embryonic tissues upon Cul4b
deletion, since simultaneous deletion of
p21 only partially rescues the growth

defects? Second, besides the difference
in tissue/cell specific expression seen in
this study, are Cul4a and Cul4b targeting
aunique set of substrates non-redundantly,
thus differentiating their physiological
functions? A related question will be
why CUL4A cannot compensate for the
loss of CUL4B in CUL4B-associated
XLMR patients? Third, what is the patho-
genic mechanism for CUL4B-associated
XLMR? Is it mainly due to pathological
accumulation of many CUL4B sub-
strates? Answers to these questions may
offer insights into potential therapeutic
strategies for the treatment of CUL4B-
associated XLMR patients.

In summary, the findings reported
by Zhou’s group provide the first con-
vincing evidence that demonstrates an
essential role of Cul4b in the develop-
ment of extra-embryonic tissues during
mouse embryogenesis. The viable Cul4b
conditional knockout mice, generated in
this study, may serve as the first mouse
model for future mechanistic studies
of neuronal and behavioral deficien-
cies of human XLMR associated with
CUL4B mutations. We look forward to
more exciting discoveries of how Cul4b
deficiency leads to the development of
XLMR in years to come.
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