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Role of Zinc Transporter in Allergic Reaction
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Zinc (Zn) is an essential nutrient and its deficiency causes growth retardation, immunodeficiency, and neuronal de-
generation. Zn homeostasis is tightly controlled by transporting through Zn transporters and by buffering via metal-
lothioneins, all of which are involved in the intricate regulation of Zn concentration and distribution in individual cells.
Research in understanding of these molecules has progressed with application of genetic techniques, which allow us to
clarify the diverse role of Zn in vivo and in vitro. However, the precise roles and molecular mechanism (s) of Zn’s func-
tion in allergic response have not been clarified. Mast cells are granulated cells that play a pivotal role in allergic reac-
tions. The granules of mast cells contain various chemical mediators and inflammatory cytokines that are released upon
FceRI crosslinking. In this article, I will describe a role of Zn/Zn transporter in Fce RI-mediated mast cell degranulation
and cytokine production. Furthermore, Zn acts as an intracellular signaling molecule, that is, a molecule whose intracel-
lular status is altered in response to an extracellular stimulus in mast cell, and that is capable of transducing the extracel-
lular stimulus into an intracellular signaling event, like Ca?*. I have proposed that there are two classes of Zn signaling:
“Early’’ and ‘‘Late’’ Zn signaling. In this review, I discussed how Zn and its homeostasis affect biological events espe-

cially for mast cell-mediated allergy response.
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Fig. 1. Subcellular Localization of Zn Transporters and Metallothioneins

The illustrated subcellular localization and potential functions of the ZIP and ZnT family members are based on currently available information. Arrows indi-
cate the predicted direction of the Zn mobilization. MT, metallothionein; ER, endoplasmic reticulum; MTF-1, metal-responsive element-binding transcription fac-
tor-1.
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Fig. 2. Zn/Zn Transporter Are Involved in FceRI-mediated Mast Cell Activation

Zn is required for multiple steps of FceRI-induced mast cell activation, such as degranulation and cytokine production. We demonstrated that the Zn level is de-
pendent on the FceRI-induced granule translocation process, which is regulated by a Fyn/Gab2/RhoA-mediated calcium-independent pathway. In addition, we
showed that Zn is required for the translocation of protein kinase C to the plasma membrane and for the subsequent nuclear translocation of NF-xB, which leads to
the production of cytokines such as IL-6 and TNF-a. In addition, Znt5 is required for FceRI-mediated plasma membrane localization of PKC and NF-xB signaling.
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Identification of the Novel Intracellular Early Zn Signal in Mast Cell, ‘‘Zinc Wave”’

(A) Visualization of intracellular free Zn in BMMCs with fluorescence Zn indicator Newport Green. Fluorescence intensity of Newport Green in BMMCs was
gradually elevated from perinuclear region in several minutes. (B) Model of FceRI-mediated Zn wave in BMMCs. Zinc wave might be generated from ER or around
ER area, by both calcium and MAPK activation, and positively regulate signaling pathway for cytokine production.
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Fig. 4. Classification of Zn Signals: The ‘“Early’’ and ‘‘Late’’ Zinc Signaling
Intracellular Zn signaling can be classified into ‘‘Early’’ and ‘‘Late’’ Zn signaling: A. Early Zn signal, which is directly induced by extracellular stimuli within
several minutes; B. Late Zn signaling, which is dependent on a transcriptional change of Zn transporters and induced several hours after extracellular stimuli.
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