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Optimization of the Dosage Schedule for Sustaining Intrinsic Biological Rhythms
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One of the most indispensable biological functions for all living organisms is the circadian clock, which acts like a
multifunctional timer to regulate the homeostatic system including sleep and wakefulness, hormonal secretions, and
various other body functions in a 24-hour cycle. Recent molecular dissections of the circadian biological clock system
have revealed that oscillation in the transcription of specific clock genes plays a central role in the generation of circadian
rhythms. Several drugs can affect the expression of clock genes, resulting in alteration of the 24-hour rhythms in physiol-
ogy and behavior. Here, we report the disruptive effect of interferon (IFN) on the core circadian oscillation mechanism.
Treatment of cultured hepatic cells with IFN-« caused a significant reduction in Clock and Bmall mRNA levels, which
are positive regulators of circadian output rhythm, leading to a decrease in their protein levels. The continuous adminis-
tration of IFN-« significantly decreased CLOCK and BMALI protein levels in the suprachiasmatic nucleus and liver of
mice, thereby preventing oscillations in the expression of clock and clock-controlled output genes. These findings reveal
a possible pharmacologic action of IFN-« on the core circadian oscillation mechanism and indicate that the disruptive
effect of IFN-« on circadian output function is the underlying cause of its adverse effects on 24-hour rhythms in physiolo-
gy and behavior. Furthermore, the alteration of clock function, a new concept of adverse effects, can be avoided by al-
tering the dosage schedule of IFN-« to minimize the adverse drug effect on clock gene expression. One approach for in-
creasing the efficacy of pharmacotherapy is administering drugs at the time of day when they are best tolerated. Atten-
tion should be paid to the alteration of clock gene expression, and it should be considered an adverse effect when it leads
to altered circadian organization of the molecular clockwork which is a serious problem affecting basic function of living
organisms.
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Fig. 1. Model of the Regulation of a Core Feedback Loop
and Clock-Controlled Output Genes
Both positive (CLOCK and BMALI1) and negative (PER and CRY)
transcriptional elements of the core feedback loop can also drive transcrip-
tional rhythms in clock-controlled output genes (CCGs).
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Fig. 2. The Effects of IFN-« on the Expression of CLOCK and BMALI mRNA (A) and Protein (B) in HepG2 Cells
Cells were treated with the indicated concentration of IFN-« for 72 hr. Total RNA and a cell nuclear fraction were prepared and analysed by RT-PCR and by
immunoblotting, respectively. For plots of intensity, the mean value of the untreated group is set at 100. Each value represents the mean+S.E.M. (n=3). **p<

0.01, *p<<0.05 when compared with the untreated group (Dunnet test).
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Fig. 3. The Disruptive Effect of IFN-o on Clock Gene Ex-
pression is Inhibited by a Competitive Ligand Inhibitor,
ATA

Cells were treated for 72 hr with 50 IU/ml IFN-« in the presence or ab-
sence (vehicle) of ATA at the indicated concentrations. A cell nuclear frac-
tion was prepared and analysed for phosphorylated STATI1 protein

(pSTATI1) by immunoblotting. Total RNA was also extracted and analysed

for Clock and Bmall mRNA by RT-PCR analysis.
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Fig. 4. CLOCK and BMALI1 Immunoreactivity in the SCN and Liver of IFN-a-Treated Mice

A: Temporal profiles of CLOCK (left) and BMALI1 (right) immunoreactivity at ZT6 or ZT18 in the SCN of mice continuously administered IFN-« (14 k IU/
hr, s.c., ) or saline ([J) using an osmotic minipump for 7 days. For plots of abundance, the mean value of immunoreactive cells in the SCN of control group at
ZT6 is set at 1.0. Each value represents the mean+S.E.M. (n=3—4). *p<{0.05 when compared between the two groups (Tukey’s test) . The photomicrographs
(upper) show immunoreactivity of CLOCK and BMALI1 at ZT18 in the SCN of saline or IFN-a-treated mice. B: Temporal profiles of CLOCK (left) and BMALI1
(right) immunoreactivity at ZT6 or ZT18 in the liver of mice continuously administered IFN-« (14 k IU/hr, s.c., B) or saline ((J) using osmotic minipumps for 7
days. For plots of intensity, the mean value of the control group at ZT6 is set at 1.0. Each value represents the mean+S.E.M. (n=3—4). **p<0.01, *p<0.05 when
compared between the two groups (Tukey’s test) . The upper panels illustrate immunoblots of CLOCK and BMALI proteins at ZT6 or ZT18 in the liver of saline or
IFN-o-treated mice.
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Fig. 5. Influence of IFN-a on mRNA Expression of Clock or Clock-Controlled Genes

A: 24-hour rhythm of mRNA expression for the mPerl, mPer2, mCryl and vasopressin gene in the SCN of mice continuously administered IFN-o (14 k IU/hr,
s.c., @) or saline (O) using osmotic minipumps for 7 days. B: 24-hour rhythm of mRNA expression for mPerl and dbp in the liver of mice continuously ad-
ministered IFN-« (14 k IU/hr, s.c., @) or saline (O) using osmotic minipumps for 7 days. For plots of RNA, the mean peak value of the control group for mPerl,
mPer2, mCryl, vasopressin and Dbp is set at 100. Each point represents the mean+S.E.M. (n=4—6). **p<0.01, *p<{0.05 compared to the value for the saline
group at the corresponding zeitgeber times (Tukey’s test). The horizontal bar at the bottom of the panels indicates the light and dark cycle.
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Fig. 6. Influence of IFN-« on the 24-hour Rhythm of SCN
Vasopressin Contents or Locomotor Activity

A: 24-hour rhythm of vasopressin expression in the SCN of mice con-
tinuously administered IFN-« (14 k IU/hr, s.c., @) or saline (O) using os-
motic minipumps for 7 days. Each point represents the mean+S.E.M. (n=
4—6) . The horizontal bar at the bottom of the panels indicates light and
dark cycle. B: Representative locomotor activity records of mice continuous-
ly administered IFN-o (14 k IU/hr, s.c.) or saline using osmotic minipumps
for 7 days. Open arrows indicate initiation of the drug administration. The
horizontal bar at the top of each panel indicates the light and dark cycle.
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