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S A I Circadian regulation of allergic reaction by the mast cell clock
in mice
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(Background)

Allergic diseases are characterized by symptoms that exhibit prominent 24-hour variations.
Although these phenomena have been recognized for decades, the precise mechanisms remain
enigmatic. The circadian clocks drive daily rhythms in physiology that enable organisms to keep
track of the time of day. In mammals the circadian clocks present in nearly all cells, including
mast cells, drive the daily rhythms of physiology. The mechanisms of rhythm generation are
based on transcriptional-translational feedback loops, wherein two transcription factors, CLOCK
and BMALI, activate the transcription of the Period (Per) and Cryptochrome (Cry) genes. The
PER and CRY proteins in turn inhibit their own expression by repressing CLOCK/BMAL1
activity. Recently, we have shown that the circadian clocks drive the daily rhythms in IgE/mast
cell-mediated allergic reactions (Nakamura et al, 2011). However, the precise mechanisms,
particularly the specific roles of the mast cell-intrinsic clockwork in the temporal regulation,
have been unclear.

(Objective)

This study aimed to determine whether the mast cell clockwork contributes to the temporal
regulation of IgE/mast cell-mediated allergic reactions.
(Methods)

The kinetics of a time-of-day-dependent variation in passive cutaneous anaphylactic (PCA)



reaction were compared between mast cell-deficient (W/Wv) mice reconstituted with bone
marrow-derived cultured mast cells BMCMCs) generated from mice with wild-type allele and
with a dominant-negative type mutation of a key clock gene Clock. In addition, we examined the
temporal responses of wild-type and Clock-mutated BMCMCs to IgE stimulation in vitro.
Furthermore, factors influencing the mast cell clockwork were determined using in vivo imaging.
(Results)

1. The mast cell clock times PCA reaction

The extent of PCA reactions showed a time-of-day-dependent variation in W/Wv mice
reconstituted with wild-type BMCMCs. This variation was absent in W/Wv mice reconstituted
with Clock-mutated BMCMCs. In contrast, the daily profiles and levels of serum corticosterone
(CORT) was comparable between the mice.

2. IgE-mediated mast cell responses show temporal variations in vitro

The extent of IgE-mediated B -hexosaminidase release and the total tyrosine phosphorylation
levels of cell lysates were significantly higher in the 12-hour cultured wild-type BMCMCs than
in the 24-hour cultured wild-type BMCMCs. These temporal variations were absent in
Clock-mutated BMCMCs.

3. Fc ¢ RI A transcription is under circadian control by the mast cell clock

A qPCR analysis revealed that Fc ¢ RI5 showed circadian mRNA expression with a peak at
around 8 hours, and with a nadir at around 20 hours after a medium change in wild-type
BMCMCs. The circadian oscillation of Fc ¢ RI3 mRNA was not observed in Clock-mutated
BMCMCs.

4. CLOCK binds to the promoter of Fc ¢ RI 8 and modulates its transcription

To directly show that Fc s RIS is a target of the mast cell clockwork, we performed CHiP
assays using anti-CLOCK antibody. CLOCK bound to the promoter of Fc ¢ RI/ in the 6-hour
and 24-hour, but not 12-hour, cultured wild-type BMCMCs. Fc ¢ RI /5 mRNA levels decreased in
association with the reduction of IgE-mediated J -hexosaminidase release in Clock
siRNA-treated wild-type BMCMCs.

5. The adrenal gland is important to synchronize the mast cell clockwork

The addition of CORT induced Per2 mRNA expression in wild-type BMCMCs, but not in
Clock-mutated BMCMCs. The bioluminescence emission from W/Wv mice subcutaneously
reconstituted with PER2:LUC BMCMCs showed a time-of-day-dependent variation in the
PER2::LUC protein in sham-operated mice, with a peak at 10:00 PM, whereas adrenalectomy
resulted in the absence of the variation.

(Discussion)

The extent of the PCA reactions showed a time of day—dependent variation in W/Wv mice
reconstituted with wild-type BMCMCs. In contrast, this variation was absent in W/Wv mice
reconstituted with Clock-mutated BMCMCs. Additionally, CORT did not induce Per2 mRNA in
Clock-mutated BMCMCs suggesting that the circadian clock in Clock-mutated mast cells cannot

reset its clockwork according to a systemic timing cue. Because the daily profiles and levels of



serum CORT were comparable between the mice, these findings strongly suggest that the mast
cell-intrinsic clockwork is critical to the circadian regulation of PCA reactions. We also found
that FceRI B is a key molecule that links the mast cell clockwork and IgE-mediated mast cell
responses. Because FceRI 8 is a critical modulator of FceRI expression and signaling, CLOCK
targeting FceRI 8 might be a reasonable strategy for temporally fine tuning FceRI signaling in
mast cells. The in vivo imaging of W/Wv mice reconstituted with PER2:LUC BMCMCs study
suggests that CORT might function as a timing signal to reset the mast cell clockwork. We
suggest that the circadian clock in mast cells is a primary driver for the daily rhythm generation
in IgE/mast cell-mediated allergic reaction. Our results reveal a novel regulatory mechanism for
IgE-mediated mast cell response that may underlie the circadian pathophysiology in allergic
diseases.
(Conclusion)

The mast cell-intrinsic clockwork, entrained by humoral factor(s) from the adrenal gland,

primarily contributes to the temporal regulation of IgE/mast cell-mediated allergic reaction.
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