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MOLECULAR CLOCK MECHANISM OF P-GLYCOPROTEIN

(MDR1A/ABCB1A)

(O Naoya Matsunaga, Satoru Koyanagi, Shigehiro Ohdo.

Pharmaceutics, Division of Clinical Pharmacy, Department of Medico-Pharmaceutical Sciences,
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Circadian rhythms have been observed in many
biological systems and physiological functions.
Several clock genes have been identified, and they
control an array of circadian rhythms in physiology
and behavior. According to the currently held
model, the core circadian oscillator consists of an
autoregulatory transcription—translation feedback
loop (Fig). CLOCK and BMALI proteins form a
heterodimer and then activate the transcription of
Per and Cry genes. Once PER and CRY proteins
have reached a critical concentration, they attenuate
CLOCK : BMALIl-mediated activation of their own
genes in a negative feedback loop. This mechanism
interconnects the positive and negative limbs of
circadian clockwork circuitry and also regulates 24
—~hour variation in output physiology through the
periodic activation/repression of clock—controlled
output genes.

The effectiveness and toxicity of many drugs vary
depending on the dosing time, associated with 24-hr
rhythms of biochemical, physiological, and behavioral
processes under the control of the circadian clock.
Time-dependent changes in pharmacokinetics
proceed from 24 hr rhythms in each process, e.g.
absorption, distribution, metabolism and elimination.
P-glycoprotein, the product of the multidrug
resistance (mdrla/Abcbla) gene, functions as a
xenobiotic transporter contributing to the intestinal
barrier. Although intestinal expression of the mdrla
gene and its efflux pump function has been shown
to exhibit 24-hour variation, the mechanism of the
variations remains poorly understood. In the recent
our study, intestinal expression of the mdrla gene

was regulated of by HLF (hepatic leukemia factor)

and E4BP4 (E4 promoter-binding protein—4) The
expressions of HLF and E4BP4 were governed by
central components of circadian oscillator ; the
expression of these genes fluctuated in almost the
opposite phase. HLF activated the transcription
of the mdrla gene, whereas E4BP4 periodically
suppressed transcription at the time of day when
E4BP4 was abundant. Thereby, HLF and E4BP4
controlled the amplitude of the rhythm in mdrla
expression (Fig).

These findings suggest a mechanism underlying
the dosing time-dependent differences of drug
pharmacokinetics and provide a molecular link
between the circadian clock and xenobiotic

detoxification

Fig; Molecular Clock Mechanisms of mouse madria (Abchfa)
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