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ER A I S - Deficiency of BMAL1 promotes ROS generation and enhances

IgE-dependent degranulation in mast cells
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Background

Bmall (Brain and muscle arnt-like, or Arntl) is a bHLH/PAS domain transcription factor central to the
transcription/translation feedback loop of the circadian clock. Bmall forms a heterodimer with the protein
product encoded by the Clock gene. This heterodimer in turn binds genes with E-box elements such as Per I,
Per 2, Per 3, Cry I, and Cry 2 to activate their transcription. PER and CRY proteins can inhibit
CLOCK/BMALI heterodimer activity, which leads to formation of a negative feedback loop. Mast cells are
crucial for effector functions in allergic reaction and their activity follows a circadian rhythm. In previous
studies employing mouse models with mutations in clock genes such as Clock and Per 2, reports have suggested
a dependence on the circadian clock in IgE-dependent mast cell activation. However, the functional roles of
Bmall in mast cells remain to be determined. This study aimed to elucidate the specific roles of Bmall in
IgE-dependent mast cell degranulation.

Materials and Methods

Bmall-deficient mice (Bmall-KO mice) and wild-type mice (WT mice) were used. Bone marrow-derived mast
cells (BMMCs) were generated from mice femoral bone marrow cells and cultured. Cultures were maintained
under conditions with or without 0.1% 2-Mercaptoethanol (2-ME). Mast cell-deficient C57BL/6-KitV=" mice
mice were reconstituted with subcutaneous injections of BMMCs (1.5 x 106/mouse) derived from WT or
Bmall-KO mice.

Results

We found that IgE-dependent degranulation was more robust in Bmall-KO BMMCs than in WT BMMCs in the
absence of 2-ME in culture, as determined by the B-hexosaminidase release assay. The extent of Passive
cutaneous anaphylaxis (PCA) reactions in Bmal/l-KO mice was also more robust than those in WT
mice, though the number of mast cells in mouse back skin was comparable between WT and
BmallKO mice. Mast cell-deficient Kit"*" mice reconstituted with Bmall-KO BMMCs showed more robust
PCA reactions than Kit"”**" mice reconstituted with WT BMMCs. In the absence of 2-ME in culture, the mRNA
expression of the anti-oxidative genes NF-E2-related factor 2 (Nrf2), superoxide dismutase 2 (SOD2), and heme



oxygenase-1 (HO-1) was lower and reactive oxygen species (ROS) generation was higher in Bmall-KO
BMMCs than in WT BMMCs at steady state. Exposure to H20:2 increased apoptosis of Bmall-KO
BMMCs compared with WT BMMCs in the absence of 2-ME in culture, which was associated with
enhanced ROS generation and impaired Nr/2 and SOD2 mRNA induction.

Discussion

There was report suggesting that the circadian clock regulates the expression and activity of mitochondrial
anti-oxidant enzymes and redox homeostasis in several tissues. For instance, investigations have revealed a
heightened expression of Bmall in hepatocytes in mice afflicted with metabolic-associated fatty liver disease,
demonstrating a negative correlation with increased ROS accumulation. This study suggests that this is also the
case in mast cells, which is linked to enhanced IgE-dependent degranulation. Thus, the current results uncover a
role for Bmall in regulating anti-oxidative responses in mast cells to control IgE-dependent degranulation. The
present findings additionally showed that 2-ME in cell culture could have significant impact on intracellular
ROS generation and IgE-dependent degranulation in mast cells. It remains unclear whether this observation is
specific to mast cells, but the results suggest that we should be cautious to evaluate cellular physiological
outputs in the presence of 2-ME in in vitro cell culture system since 2-ME can affect intracellular ROS levels.

Conclusion

The current findings suggest that Bmall controls the expression of anti-oxidative genes in mast cells and Bmall
deficiency enhanced IgE-dependent degranulation associated with promotion of ROS generation. Thus, Bmall
may function as a key molecule that integrates redox homeostasis and effector functions in mast cells.
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