SABP

BIOCHIMICA
POLONICA

Vol. 62, No 3/2015
491-498
http://dx.doi.org/10.18388/abp.2015_1038

Review

Metal responsive transcription factor 1 (MTF-1) regulates zinc
dependent cellular processes at the molecular level
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Metal responsive transcription factor 1 (MTF-1) is a
zinc dependent transcription factor which is involved
in the regulation of intracellular signaling pathways.
MTF-1 regulates the expression of two streams of
genes functioning in metal homeostasis and anti-oxi-
dative response. MTF-1 acts in the process of binding
of toxic metal ions in the cell, due to the activation of
the expression of metallothioneins (MTs). Addition-
ally, MTF-1 regulates transcription of genes involved
in the sequestration of zinc and its intracellular trans-
port. Disruption of zinc and MT homeostasis has an in-
dispensable influence on the development of several
pathological states. Moreover, by increasing MT activ-
ity, MTF-1 can effectively protect cells from oxidative
and hypoxic stresses. The mechanism of MTF-1 action
in cells includes the regulation of the proper immune
response through activation/repression of anti- and
pro-inflammatory cytokines. MTF-1 function in im-
mune response is related to nuclear factor-kB (NF-kB)
activity. Synthesis of insulin is also related to the ac-
tivity of this transcription factor and zinc balance. In-
sulin transport also depends on zinc. In pancreatic
B-cells, several types of the zinc transporters are found.
Zinc transporters coordinated action is crucial for the
synthesis and secretion of insulin. Disturbances in the
regulation of signaling pathways connected with MTF-1
function can entail further alterations in zinc intracellu-
lar status and this growing imbalance can promote the
pathophysiology of degenerative disorders.

Key words: metal responsive-transcription factor 1, cell signaling, in-
flammation, NF-kB

Received: 23 April, 2015; revised: 16 July, 2015; accepted: 31 July,
2015; available on-line: 03 September, 2015

INTRODUCTION

Zinc is an essential microelement required for cellu-
lar homeostasis and function. It plays important roles
in nucleic acid metabolism, cell growth, differentiation,
replication and cell survival. Deficiency of this nutrient
results to a range of pathological conditions, including
growth retardation, impaired function of the immune
system, neurological disorders and other health diseases
(Hirano ef al., 2008; Maremanda e/ al., 2014; Bonaventura
et al., 2015). Therefore, zinc homeostasis in cells is tightly
regulated requiring coordinated import and export (gain
and losses), as well as precise sensing of intracellular
concentrations. Alterations of zinc homeostasis results
in complex implications, including the expression of a

great number of housekeeping genes, which may affect
serious disorders. Zinc, one of the messenger molecules,
interacts with a number of receptors in cellular signaling
pathways (Hirano e a/, 2008). Zinc finger proteins also
act as modulators of gene expression (Molkentin, 2000).

Transcription factors constitute a group of proteins
which control target gene expression by inhibition or ini-
tiation of transcription in response to specific molecular
stimuli. One of these transcription factors, metal regula-
tory transcription factor 1 (MTF-1), represents an inter-
esting zinc receptor involved in a great number of cell
processes. MTF-1 is a pluripotent transcriptional regu-
lator localized in both cytoplasm and nucleus. It is in-
volved in cellular adaptation to vatious stress conditions,
primarily exposure to heavy metals, but also to hypoxia
and oxidative stress (Saydam ez a/, 2001; Rutherford ef
al., 2004; Lichten et al, 2011; Bonaventura e al, 2015).
During stress, MTF-1 accumulates in the nucleus, binds
DNA, recruits different co-activators and often relies on
other transcription factors for a coordinated target gene
expression. Since MTF-1 shows increased DNA-bind-
ing upon Zn supplementation, this Zn finger domain
has been suggested to mediate the intrinsic Zn sensing
of MTF-1 (Ruthetford ¢z al, 2004; Li et al, 2006; Bo-
navertura ¢ al., 2015). In this way, transcription factors
work to control the development, as well as to maintain
the homeostasis and metabolism of the adult organism.
Through the regulation of the corresponding genes,
MTF-1 influences zinc, iron and copper homeostasis.
This transcription factor is involved in the regulation
of inflammation, especially activation of pro- or anti-in-
flammatory cytokines (Mocchegiani e al, 2007). MTF-1
also is involved in the regulation of Ins? and Ins2 genes,
which encode insulin and, therefore, it is indispensable
in the regulation of glucose homeostasis in organisms
(Huang et al, 2010). The precision of these regulatory
processes is crucial for proper cell function and may
have an influence on the homeostasis of the whole hu-
man organism (Kimura & Itoh, 2008).

MTF-1 AS A TRANSCRIPTION FACTOR

Zinc-dependent nuclear receptor MTF-1 is a 72.5 kDa
protein. MTF-1 has a domain structure typical for intra-
cellular transcription factors, in which various function-
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Figure 1. The scheme of MTF-1 with its functional domains.
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(A) human; (B) mouse; (C) Drosophila MTF-1 scheme. NLS, nuclear localization signal; NES, nuclear export signal (Glinther et al., 2012b).

ing parts can be distinguished. One important functional
part is the DNA-binding domain (DBD), which allows
detection and binding of the protein to the gene pro-
moter sequence. Other parts may contain several signal-
sensing domains (SSD) and trans-activation domains
(TAD) which detect chemical signals and allow up- or
down-regulation of gene expression enabling in this
way specific cell response. Like most transcription fac-
tors, MTF-1 also has a zinc finger domain including 6
zinc finger structures of Cys,His, type, which allows it
to conduct interactions with nuclear acids (Giedroc ef al.,
2001; Bonaventura ez al,, 2015) (see Fig. 1).

MTF-1 is a conservative protein commonly occurring
in eukaryotic cells. It is present in plants, insects and ani-
mals. It has also been widely demonstrated that process-
es regulated by this transcription factor are of great simi-
larity across species. However, data obtained in animal
models should be circumspectly interpreted in humans
with the awareness of possible differences in MTF-1
structure and function. Several research results have re-
vealed that the MTF-1 protein is shortened in rodents,
which might lead to lowered affinity to zinc; otherwise,
human MTF-1 response to zinc stimulation is much
stronger than that described for rats and mice (Lindert
et al., 2008). On the other hand, in insects, for example
Drosophila, MTT-1 is well characterized and is responsi-
ble for regulation of copper homeostasis (Giinther ez al,
2012b).

Due to the importance of transcriptional processes for
organism survival, multiple layers of regulation and con-
trol exist. In the case of MTF-1 and processes connected
with its activity, the metal zinc seems to be the crucial
messenger and a central factor for crossing physiologi-
cal pathways; also, MTF-1 needs zinc ions to initiate its
activity as a transcription factor. The specific mechanism
of zinc sensing by MTF-1 was discussed in detail by Li
and coworkers (2000).

The well-described mechanism of MTTF-1 cell stimula-
tion occurs via free zinc ions. Activation of MTF-1 can

be proceeded (i) directly by zinc ions in the cytoplasm,
(i) indirectly by liberation of zinc from metallothioneins
or (iii) indirectly by phosphotylation/dephosphotylation
of the protein (see Fig. 2) (Saydam e# @/, 2001; Kimura ef
al., 2009). However, MTF-1 could be stimulated by free
intercellular zinc ions (Ruttkay-Nedecky ez al, 2013). Ac-
tivated transcription factors can be transported into the
nucleus in a process dependent on interaction with the
receptor protein in the nuclear membrane, exportin 1
(Xpol), which is an importin § protein (Lindert ez al,
2009). Inside the nucleus, MTF-1 recognizes the specific
region of the gene’s promoter, the metal-response ele-
ment (MRE), and then interacts with it. This specific se-
quence can be found in multiple copies in various genes
promoters (Westin and Schaffner 1988). The strength
of binding depends on the MTF-1’s zinc finger satura-
tion level. Fully zinc-saturated transcription factor can
effectively modulate the transcription of genes. Binding
of the transcription factor to DNA may either block or
induce the formation of the whole transcription protein
complex. MTF-1 usually acts as a gene expression in-
ducer, but the repressor effect of MTF-1 has also been
reported (Li ef al., 2006; Gunther ez al, 2012a).

Regulation of the transcription processes »ia MTT-1
may occur during activation of the protein, transport to
the nucleus, DNA binding and mRNA processing. Thus,
various factors present in the cell may have an influ-
ence on transcription factor activity, depending on the
cell type, the intensity of the metabolic transitions, the
growth of cell, cell cycle regulation, exogenous signals
and the environmental context (Kaler and Prasad 20006).
It has been reported that MTF-1 interacts with other
transcription factors such as nuclear factor 1 (NF-1),
CCAAT/enhancer-binding protein alpha (C/EBPwx), up-
stream stimulatory factor 1 (USF1) and others (Andrews
et al., 2001; Jennings et al, 2013; Lu et al, 2015). The
effects of these interactions may be the up-regulation or
down-regulation of genes encoding specific classes of
MTs (Jackson e¢7 al,, 2008; Kimura & Itoh, 2008).
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2. CROSSING THE

Figure 2. Regulation of the transcription processes via MTF-1.

MTF-1 is essential not only for proper functioning
of adult organisms, but it is of vital importance for the
development processes (Wang ef al, 2004; Maywald &
Rink, 2015). In MTF-1 knock-out mice, the lack of a
functional MTF-1 gene is lethal during early embryonic
state due to the failed liver development. Therefore, it
was concluded that proper liver development depends
on the MTF-1 function. The lethal effect observed in
knock-out population was probably connected with af-
fected expression of MTF-1 target genes, a-fetoprotein
(AFP) and (C/EBPw); however, the exact mechanism of
this process is still unknown. Nevertheless, it was dem-
onstrated that in experimental knock-out mouse liver
cells the reintroduction of ¢cDNA for MTF-1 protein
caused restoration of cell viability and enabled further
cell proliferation in culture. Additionally, knock-out em-
bryos exhibited lowered levels of leukocytes, which sug-
gests that MTF-1 may also be involved in embryonic he-
matopoiesis (Wang e al,, 2004).

Connections between zinc and MTF-1 are well es-
tablished; much less is understand about MTF-1 influ-
ence on other nutrients. Research evidence suggests
that MTF-1 may exert an effect on absorption of other
metals besides zinc. MTF-1 regulates the target gene for
ferroportin 1, the protein which exports iron outside
the cell and which is mostly active in cells involved in
iron storage. It was demonstrated that induction of this
gene expression by MTF-1 supports the connection be-
tween iron homeostasis and the available level of zinc
ions in organisms. The proposed relationship between
both metals is based on possible additional ferroportin
1 transporter activity, which could be zinc export out-
side a cell, in this way it may influence the cellular level
of this ion. However, the molecular basis of that con-
nection is still under intensive investigation (Rutherford
et al, 2004). MTF-1 can also exert an effect on copper
homeostasis, which may also have adverse implications
in the pathogenesis of the central nervous system. Thus,
several zinc transporters, especially from the Zip family,
ie. Zip-1 and Zip-2, were suggested to show low copper
transport activity. Additionally, in the brain MTF-1 was
shown to regulate the transcription of genes encoding
prion proteins (PrP), which in turn regulate homeostasis

NUCLEAR MEMBRANE

GENES TRANSCRIPTION

Free
radicals

NUCLEUS

4. REGULATION OF

of copper by binding the excess of these ions (Belling-
ham ez al, 2009).

Another research study demonstrated that MTF-1 in
the brain can be involved in stimulation of B-synuclein
expression. The synuclein proteins in physiological state
are involved in the regulation of the phenomena of neu-
ronal plasticity. It was proposed that a-synuclein and
B-synuclein interact with each other. However, it has
been noticed that the pathology in B-synuclein function
may occur when this protein accumulates in neurofibril-
lary lesions. This has been observed in patients with sev-
eral neurodegenerative disorders. Increased expression of
B-synuclein protein may be a result of disturbed MTF-1
regulation, which in turn can contribute to the develop-
ment of diseases such as Parkinson’s disease and Alzhei-
mer’s disease (McHugh e al, 2011).

MTF-1 REGULATES ZINC HOMEOSTASIS IN
THE CELL VIA SPECIFIC TRANSPORTERS AND
METALLOTHIONEINS

Keeping stable zinc levels in cells is essential to sus-
tain the proper functions of cells and whole organism
homeostasis of trace elements. In most mammalian cells,
there are two zinc pools (Zalewski e/ al, 2000). The first
one is zinc tightly bound to proteins, i.e. enzymes, the
other one is labile zinc, which can easily react with the
number of regulatory factors in the cell cytoplasm. The
next pool is tissue specific and consists of zinc ions ac-
cumulated in vesicles involved in signaling and secre-
tory processes, i.e. in specialized neurons or pancreatic
B-cells (Sekler ez al, 2007). The transport of zinc into
and outside the mammalian cells is carried out by two
families of specific zinc transporters: Zip and ZnT. Zip
transporters carry zinc into the cell and ZnT transporters
reduce the zinc levels by ion efflux from cytoplasm to
organelles and out of the cell (Laity & Andrews, 2007;
Sekler ez al, 2007). Zinc from dietary sources is absorbed
in the gastrointestinal tract by active transport, mostly
via Zip-4 transporters. In turn, the most abundant zinc
exporter localized in the cell membranes, which can re-
duce zinc levels in the cell, is zinc transporter 1 (ZnT1).
Another significant role in zinc transport is performed
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by metallothioneins, which transmit zinc signals inside
cells (Lichten & Cousins, 2009).

MTF-1 stimulates the expression of metallothioneins
and ZnT-1 genes and both proteins are indispensable for
zinc supply and intracellular sequestration. There are four
main isoforms of MTs expressed in humans, where MTs
of type 1-2 are ubiquitous and types 3—4 are tissue specific.
The cytoplasmic MTs are a well-known group of proteins,
which have the ability to effectively bind heavy metal ions
(i.e. zinc, copper, chromium, cadmium, mercury) (Coyle e
al, 2002; Gunther e¢f al, 2012a, 2012b). Therefore, these
cysteine-rich proteins play a significant role in cell protec-
tion against excessive amounts of metal ions and act against
oxidative stress, thus constituting the main system of de-
toxification against toxic heavy metals (Andrews, 2000).

The regulation of the MT genes transcription occurs as
a result of physiological processes and the amount of these
proteins involved in the regulation of the proper concentra-
tion of zinc in the cell. When the amount of zinc increases,
the activation of MTF-1 leads to induction of synthesis
of MT proteins, which can finally bind the excess of zinc
ions. In pathological states, such as heavy metal intoxica-
tion, metallothioneins may release zinc ions and bind other
toxic elements instead (Gunther e al, 2012b). Similarly, oxi-
dative stress causes zinc liberation from MTs. The amount
of zinc ions released in this process can be high and could
even reach a micromolar concentration. In that case, MTE-
1 also up-regulates transcription of MT genes until the cell
tackles the high zinc levels. As mentioned, high levels of
the zinc efflux transporter ZnT-1 in cellular membranes al-
low intense efflux of excess zinc from the cell and thereby
diminish zinc toxicity in the cytosol. So, the induction of
the expression of the ZnT-1 is another mechanism which
effectively acts against elevated zinc levels. Finally, the zinc
concentration in the cell is reduced and, with the decrease
in MTF-1 activation, the expression of ZnT-1 genes drops.
This molecular mechanism enables the optimum zinc level
inside cells to be maintained (Sekler ez a/, 2007).

MTF-1 ROLE IN DEFENSE AGAINST OXIDATIVE AND
HYPOXIC STRESS

MTF-1 is involved in the defense against oxidative and
hypoxic stress in the organism. This transcription factor
is very sensitive to the fluctuations in redox cell status

and, after stimulation, it promotes the expression of the
target genes, mainly several classes of MTs, and this is a
zinc dependent process. Additionally, in oxidative stress
conditions, MTF-1 activates the expression of the Sele-
noprotein 1 (Sepwl) gene, which encodes an antioxidant
glutathione-binding protein which scavenges free radicals
(Bonaventura ez al, 2015). Thus, MTF-1 may probably
play a protective role against cancer: firstly, by neutrali-
zation of oxidative stress; and secondly, by diminishing
heavy metal toxicity (Andrews 2000; Stoytcheva et al,
2010). The other antitumor mechanism of MTF-1 action
involves a tumor suppressor protein, phosphatase and
tensin homolog (PTEN). In this process, PTEN inter-
acts with MTF-1 in the cytoplasm and phosphorylates
this transcription factor. Then, MTF-1 activated in such
way may be transported to the nucleus, where it exerts
an effect on the transcription of genes, such as MTF-1
dependent MTs contributing to cell defense system (Lin
et al., 2012).

On the other hand, MTF-1 may protect against the
hypoxic stress which occurs when the level of oxygen
in the organism and cells is low. In the state of hypoxic
stress, MTF-1 can act a central role in cell protection
due to its activity in the regulation of hypoxia-inducible
factor-1 (HIF-1), which is shown in Fig. 3 (Murphy ef al,
2008; Gunther ez al, 2012a). HIF-1 is the main transcrip-
tional regulator sensitive to hypoxia in mammals, which
regulates physiological and pathophysiological responses
to oxygen deficiency. Results of recent experiments on
the Mtf-1 null mouse embryonic fibroblast model have
suggested the existence of complex molecular crosstalk
between both MTF-1 and HIF-1 transcription factors.
Firstly, MTF-1 is essential for HIF-1 transcriptional ac-
tivity. It was shown that the expression of well-estab-
lished HIF-1 target genes, glucose transporter 1 (Glutl)
and erythropoietin (Epo), during hypoxia depends on the
activity of MTF-1. Secondly, the loss of Mtf-1 genes in
the model demonstrated that MTF-1 may have an influ-
ence on the nuclear accumulation of HIF-1a protein. In
the experimental cell line, the level of glutathione (GSH)
was clevated in comparison to the control. As a result,
the cellular redox state was disturbed, which probably
caused the reduction in HIF-la accumulation (Murphy
et al, 2008). Additionally, another experiment showed
that during hypoxia the expression of mouse MT-1 with
MTF-1 requires the presence of HIF-la protein subu-

HYPOXIC STRESS
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Figure 3. MTF-1 activation has a protective effect against hypoxic stress.
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nits, which have the ability to bind with the regulatory
sequence of MT gene promoters. Also, in hypoxic state
and the experimentally induced absence of HIF-la, the
expression of MT-1 was unsuccessful, regardless of the
zinc (Murphy et al, 2008; Gunther e al, 2012a).

Hence, it can be concluded that MTF-1 activity is in-
dispensable for successful defense against stress caused
by disturbed oxygen levels in the cell.

MTF-1 REGULATES THE INFLAMMATION PROCESSES
VIA CROSSTALK WITH NF-kB

In the regulation of cell functioning, one transcrip-
tion factor may exert influence on several signal path-
ways. Therefore, a detailed analysis of existing crosstalk
between these pathways provided by transcription fac-
tors can give an insight into the potential response of
the particular cell to its environmental stimuli (Kimura
et al, 2008; Gunther ef al, 2012a). It has been demon-
strated that in immune response there is a regulatory
crosstalk between MTF-1, MTs and corresponding zinc
levels and pro-inflammatory cytokines (Kimura ez al,
2009; Bonaventura ef al, 2015). Zinc and MT homeo-
stasis is fundamental for cellular adaptation to various
stress conditions. In healthy individuals, the MT level
is low and zinc concentration is sufficient to saturate
the MT pool. When an inflammation occurs and redox
conditions in a cell change, then zinc ions are released
from MTs (Gunther e al, 2012a,b). Free zinc ions can
upregulate the expression of MTs and other antioxidant
proteins, stimulate MTF-1 function and also downregu-
late the genes of the pro-inflammatory cytokines such
as interleukin 6 (IL-6), tumor necrosis factor o (TNF-u)
and interleukin 1 (IL-1). Also, expression of the zinc
efflux transporter ZnT-1 gene is upregulated, which in
turn helps re-establish the zinc-MT balance and recov-
er the redox status of a cell (Mocchegiani ¢ al, 2007,
Bonaventura ¢ al, 2015). On the other hand, there is
also a crosstalk between zinc metabolism and interleukin
activity, where the induction of MTF-1 by IL-6 occurs
through dramatic changes in the concentration of MTSs
(Li et al, 2006; Kimura ez al., 2009).

Additionally, MTF-1 function in immune response
is related to nuclear factor-«B (NF-xB) activity. NF-«B
can be activated by zinc released from MTs and zinc-de-

pendent redox state changes can influence NF-»B ability
towards DNA binding. This transcription factor’s role is
to transmit the signals from pro-inflammatory cytokines
to the nucleus and regulate the expression of several
proteins involved in the inflammation process. During
the progress of the inflammation process, NF-xB induc-
es the expression of pro-inflammatory cytokines, IL-6
and TNF-a (Cieslak ez al, 2015). Moreover, NF-»B may
exert a direct effect on the activity of MTF-1 (Kimura
et al, 2009; Mocchegiani e al, 2007, Maywald & Rink,
2015).

Moreover, zinc transporters may play a crucial role in
the regulation of immune response (Bonaventura e al,
2015; Maywald & Rink, 2015). Research conducted on
human monocytes, macrophages and lung epithelial cell
line models has shown that suppression of Zip-8 expres-
sion results in increased production of pro-inflammatory
cytokines. On the other hand, over-expression of Zip-
8 inhibits NF-xB activation induced by TNFa or IL-18.
It is also known that an experimentally increased labile
zinc pool can suppress NF-xB signaling and expression
of NF-xB dependent genes. Therefore, zinc transporter
Zip-8 probably acts by delivering zinc into specific plac-
es in the cytosol, where it can inhibit IKK kinase, which
allows zinc signal response to inflammation. This zinc
pool can also effectively increase the level of MTs and
activates the MTF-1 transcription factor (Liu ez a/, 2013).

The crosstalk between MTF-1, zinc and NF-xB in
inflammatory states is summarized in Fig. 4. In conclu-
sion, transcriptional factor NF-»B is probably the center
of the regulation between zinc, MTs and inflammatory
cytokines. It is now widely appreciated that chronic low-
grade inflaimmation plays a key role in the initiation,
propagation, and development of metabolic disecases.
Consistent with its central role in coordinating inflamma-
tory responses, numerous recent studies have implicated
transcription factor NF-xB in the development of such
diseases, thereby further establishing inflammation as a
critical factor in their etiology and in the development of
new therapeutic approaches (Baker ez al, 2011).

MTF-1 ROLE IN INSULIN SYNTHESIS

Increasing evidence from human and laboratory stud-
ies shows the effect of zinc on diabetic complications

REDOX CHANGE

ZINC RELEASE

SATURATED

MT-Zinc

INHIBITION

Figure 4. Crosstalk between MTF-1, MTs, Zn and cytokines.
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(Li et al, 2014). It is known that impaired zinc status is
connected with pathogenesis of diabetes mellitus of both
type 1 and type 2 (Centers for Disease Control and Pre-
vention, 2014). It has been demonstrated several times
that zinc ions play an important role in insulin matura-
tion, storage and secretion in pancreatic B-cells (Emdin
et al, 1980; Huang ez al., 2010; Kelleher ez al, 2011). Ac-
cordingly, these cells contain the highest concentration
of zinc in organisms, which may reach mmol levels. The
function of these cells is to maintain precise amounts of
insulin in the bloodstream. In this zinc-dependent pro-
cess of insulin biosynthesis, harmonized activity of zinc
transporters is necessary. Thus, zinc import into the cell
is carried out by the Zip-4 zinc transporter. Synthetized
proinsulin is transported to the Golgi apparatus granules
and secretory vesicles, which contain high amounts of
zinc ions. The influx of zinc into insulin vesicles is most
likely to occur via ZnT-5 and ZnT-7 zinc transporters,
which are involved in zinc accumulation (Emdin ef af,
1980; Huang ez al, 2010). In pancreatic B-cells, ZnT-
8 zinc transporter is also found; however, its function
is under intense investigation. Probably, ZnT-8 plays a
role in providing zinc for proper insulin crystallization
processing, but some evidence has suggested that this is
not essential for maintaining pancreatic function in glu-
cose regulation. However, it has been shown that genetic
polymorphism in the ZnT-8 gene is connected with in-
creased risk of type 2 diabetes development (Kelleher ez
al,, 2011).

Accordingly, in rat insulinoma cell lines over-ex-
pression of the ZnT-7 zinc transporter gene has been
shown to stimulate expression of MT1, ZnT-1 and in-
sulin genes. All these genes are known to be regulated
by zinc level and MTF-1 transcription factor (Chimient,
2013). In this experiment, the total level of produced in-
sulin was two-fold higher, because of stimulated expres-
sion, which is due to elevated activity of MTF-1. These
findings suggested that in the tested cell model local
concentrations of labile zinc ions have to be increased,
which is reflected in stimulated expression of zinc efflux
transporter ZnT-1 and MT genes. In contrast, total zinc
in ZnT-7 overexpressing pancreatic $-cells lines did not
differ from that in the control, in contrast to the ZnT-8

PANCREATIC B CELL

CYTOPLASM

SYNTHESIS OF
PROINSULIN

overexpressing model. These findings showed that ZnT-
7 is involved in the regulation of the insulin biosynthe-
sis pathway, which is also zinc and MTF-1 dependent
(Huang e al, 2010). In another study by the same au-
thors, it was demonstrated by electrophoretic mobility
shift assay experimentation that the metal responsive ele-
ment (MRE) in an insulin gene promoter can bind with
MTF-1 transcription factor. These findings are also im-
portant in the context that all known mammalian insulin
genes are most probably regulated by MRE sequences in
the promoter section (Huang e# al, 2010).

In the pathogenesis of diabetes mellitus, disturbance
in the proper function and signaling in pancreatic $-cells
has often been observed, which in consequence leads to
a decrease in the synthesis and secretion of insulin. Clin-
ical studies have shown correlations between zinc ho-
meostasis disruption and altered, typically lowered, serum
zinc levels in diabetic and pre-diabetic patients. There is
also growing evidence concerning promising results of
zinc supplementation in diabetes treatment (Anderson ef
al., 2001; Chimienti, 2013).

It can be concluded that molecular crosstalk between
zinc transporters, metallothioneins and transcription fac-
tors, i.e. MTT-1, in the functioning of B-cells (Fig. 5)
may play a significant role in the pathogenesis and pro-
gress of diabetic states.

CONCLUSIONS

The function of MTT-1 is multithreaded and it oc-
curs via the crosstalk between molecules that comprise
biochemical processes and signaling pathways in the cell.
The proper regulation through transcription factors al-
lows an organism to dynamically follow up changes in
environmental conditions and to undertake a proper re-
action in order to sustain whole body homeostasis. By
controlling the expression of MTs, MTF-1 is involved
in the homeostasis and balance of trace elements (zinc,
iron, copper) and thus enables the proper response of
the cell to physiological and toxic stimuli. Additionally,
MTF-1 regulates the transcription of genes crucial for
the proper function of organisms at all development

// HEALTHY
normal zinc

/ DIABETIC
low zinc
L

[
-

Zn for INSULIN
CRYSTALIZATION

TRANSPORT of
Zn for MTs

Figure 5. Zinc and MTF-1 dependent regulation of insulin biosynthesis pathway.
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stages. MTF-1 regulates a number of crucial processes
and essential functions of the cell. Control over the tran-
scription of MTF-1 target genes is important for the
prevention of the development of pathological states.
MTF-1 constitutes a promising target in the search for
new drugs and for the control of drug side effects. On
the other hand, its influence on signal pathways is very
complex and it should be noted that intervention ia
MTF-1 may lead to surprising effects.
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