
HIGHLIGHTS

NATURE REVIEWS | GENETICS VOLUME 4 | OCTOBER 2003 | 755

HIGHLIGHT ADVISORS

WENDY BICKMORE 

MRC HUMAN GENETICS UNIT,
UK

SEAN B. CARROLL

UNIVERSITY OF WISCONSIN,
USA

ADAM EYRE-WALKER

UNIVERSITY OF SUSSEX, UK

JANE GITSCHIER

UNIVERSITY OF CALIFORNIA,
SAN FRANCISCO, USA

RALPH J. GREENSPAN

THE NEUROSCIENCES
INSTITUTE, CALIFORNIA, USA

YOSHIHIDE HAYASHIZAKI

RIKEN GENOMIC SCIENCES
CENTER, JAPAN

PETER KOOPMAN

UNIVERSITY OF QUEENSLAND,
AUSTRALIA

LEONID KRUGLYAK

FRED HUTCHINSON CANCER
RESEARCH CENTER, USA

BARBARA MEYER

UNIVERSITY OF CALIFORNIA,
BERKELEY, USA

LEE NISWANDER

SLOAN-KETTERING INSTITUTE,
NEW YORK, USA

CHRISTOS OUZOUNIS

THE EUROPEAN
BIOINFORMATICS INSTITUTE,
UK

NORIYUKI SATOH

KYOTO UNIVERSITY, JAPAN

MARC VIDAL

DANA-FARBER CANCER
INSTITUTE, BOSTON, USA

VIRGINIA WALBOT

STANFORD UNIVERSITY, USA

DETLEF WEIGEL

MAX PLANCK INSTITUTE FOR
DEVELOPMENTAL BIOLOGY,
GERMANY

LEONARD I. ZON

CHILDREN’S HOSPITAL,
BOSTON, USA

Daily oscillations in many biological
processes, all of which are controlled
through an endogenous circadian
clock, occur during a 24-hour period.
This clock measures changes in
light and mediates photoperiodic
responses. Previous research indi-
cated that circadian rhythms could
control the activity of the cell cycle,
but only now has work by Hitoshi
Okamura and colleagues shown that
the underlying mechanism involves
direct transcriptional regulation of
the cell-cycle gene Wee1 by Clock — a
master control switch of circadian
gene expression.

Using a mouse model with a par-
tial hepatectomy (PH), Okamura and
colleagues analysed the relationship
between the circadian clock and the
cell cycle. Liver cells from wild-type
mice that have undergone a PH
rapidly re-enter the cell cycle and
restore the liver in a few days. The rate
of liver regrowth was studied in mice
that were maintained in a 12-hour
light/dark cycle, with a PH on the
liver performed at the start of the 
12-hour light period (ZT0) and 8
hours later (ZT8). The results of
BrdU incorporation, which marks
cell proliferation, indicated that
although S-phase kinetics were simi-
lar for both ZT0 and ZT8, there was a
delay in cells entering mitosis if the
PH was performed at ZT0. This
shows that the timing of the hepatec-
tomy affects cell-cycle progression in
the regenerating cells. Peaks of the
cell-cycle kinase Cdc2 and mRNA
levels of other cell-cycle regulators,

including Wee1 — which is a known
Cdc2 regulator — mimicked the BrdU
incorporation peaks and pointed to
the involvement of cell-cycle regula-
tors in this process.

Performing a PH on mice that are
mutant for known clock regulators,
such as the blue-light sensitive pho-
toreceptor cryptochromes (cry), pre-
vented normal liver regeneration and
inhibited the peak of Cdc2 activity.
Levels of Wee1 were increased in cry-
mutant mice, but decreased in clock-
mutant mice. Clock regulates gene
expression by binding E-box motifs
and three of these were identified in
the 5′ UTR of Wee1. When these
regions are mutated, transcription of
Wee1 by Clock/Bmal1 is decreased,
presumably because Clock no longer
binds upstream of Wee1 to regulate

its transcription. This indicates a
direct but unidirectional regulatory
mechanism (the authors show that
there is no feedback) between the cir-
cadian clock and cell-cycle regulation.

As the molecular mechanisms
that underlie the action of the circa-
dian clock are still poorly understood,
further genetic analysis of the links
between cell-cycle regulators and
clock components should provide
important clues as to this control
mechanism.

Sarah Greaves,
Nature Publishing Group
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