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Zinc signal: The novel regulatory system
for physiological homeostasis

Takafumi Hara, Teruhisa Takagishi and Fukada Toshiyuki

Summary Zinc (Zn) is recognized as an important mineral that is necessary for the regulation of
the expression of biological molecules such as growth factors, transcription factors, and enzymes.
Zn deficiency induces the dysregulation of Zn homeostasis and affects growth, endocrine
functions, and immune responses. As the primary molecular mechanism of Zn homeostasis is zinc
transporter family, which regulates zinc levels controlling Zn influx and efflux between
extracellular and intracellular compartments. Some studies based on the gene knock-out mice and
human genetic analysis have been reported the relationship between zinc transporters and human
diseases. Therefore, although the physiological functions of Zn transporters remain to be clarified,
Zn transporters would be considered as attractive therapeutic targets. In this review article we
describe important physiological roles of Zn transporters and their contributions to human

diseases.
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Fig. 1 Zinc storage and distribution in the body.

Food derived zinc is mainly absorbed from the intestine. Approximately

2-3g of total zinc content is distributed to skeletal muscle (60%), bone

(30%), skin and other tissues (5% each). Zinc deficiency induces growth

retardation, abnormal immune responses, and gustatory disorder.
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Fig. 2 The expression properties of each ZIPs and ZnTs protein in the cell

compartments.

Each ZIPs and ZnTs are individually expressed in plasma membrane,

ER, Golgi, mitochondria, neural vesicle, and insulin vesicles. ZIPs,

which transport zinc ion from extracellular or organelle compartments to

cytosol, increase zinc levels in the cytosol. In contrast, ZnTs, which

uptake zinc from cytosol, decrease zinc levels in the cytosol.

Table 1  Physiological properties of SLC30A/ ZnT family.
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Table 2 Physiological properties of SLC39A/ ZIP family.
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Fig. 3 Physiological functions of ZnTs.
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A) ZnT2 expressed in the vesicles uptakes zinc from cytosol in the mammary
gland, which modulates proper zinc content in the breast milk. ZnT4 expressed
on the plasma membrane also uptakes zinc from cytosol to extracellular
compartment. ZnT2 and ZnT4 mutants having lower the zinc transport ability
produce low zinc content breast milk.

B) ZnT3 expressed in the synaptic vesicles uptake zinc into the vesicles. When
the lack of ZnT3 function, the excess levels of intracellular zinc induce neuronal
toxicity. ZnT10 expressed on the plasma membrane transport manganese
contributes to the modulation of manganese accumulation in the brain. The loss
of function of ZnT10 induces hypermagnesemia which showed accumulation of
manganese and Alzheimer-like symptoms.

C) ZnTS8 expressed on the insulin vesicles in the pancreatic  cells uptakes zinc
into the vesicles which modulate proper insulin secretion from the 8 cells.
Impairment of ZnT8 function increased peripheral insulin levels and insulin

clearance in the liver, which induces the diabetes mellitus.
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Fig. 4 Physiological function of ZIP7 and ZIP13.
A) ZIP7 which expressed on the ER and regulates zinc content in the intestine,
modulates the turnover cycle of epithelial intestinal cells.
B) ZIP13 regulates the development of hard, cartilage, and connective tissues. ZIP13-
mediated Zn modulates BMP/TGF- f3 -induced SMAD translocation into the nucleus.
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Fig. 5 Physiological function of ZIP10.
A) ZIP10 regulates B cells proliferation via the regulation of caspase, and function through the
modulation of CD45-mediated BCR signal.
B) ZIP10 regulate skin development and hair follicle formation via ZIP10-Zn-p63 pathway.
C) ZIP14 signal interfere with the growth hormone receptor signal that is one of the typical
GPCR signal pathway. ZIP14 signal regulates the systemic growth.
D) ZIP14 not only transport Zn but also manganese and iron ion. Manganese and iron suggested
to act as the activators of enzymes eliminating free radicals. Dysfunction of ZIP14 showed high

manganemia concomitant with the child onset Parkinsonism.
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Fig. 6 Summary of Zn signal axis in physiological and
pathophysiological processes.
Zinc transporter mediated signal pathways “Zinc
signal” regulates various physiological processes.
Those cellular processes might be linked to the
disease mechanisms. Therefore, although it still
remains unclear about precise molecular
mechanisms of zinc signal, it would become

promising therapeutic targets.
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