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Abstract

Zinc is a vital metal that is a structural and functional component of many proteins. The precise mechanism of zinc transport
in the placenta remains unclear. In this study, we investigated the expression of zinc transporters (ZnTs) in the mouse placenta
and in two rat trophoblast cell lines, TR-TBT cells, which are syncytiotrophoblast cells of the labyrinth zone, and Rcho-1 cells,
which retain trophoblast cell features and differentiate into trophoblast giant cells of the junctional zone. All of the ZnTs that
have been identified in mice (ZnT1-7) were detected in the mouse placenta by RT-PCR. The expression profiles of ZnTs in
the placenta during pregnancy were different. The mRNA levels of ZnTs, with the exception of ZnT7, did not change during
pregnancy. The ZnT7 mRNA level in placenta was elevated during pregnancy. In TR-TBT cells, ZnT1, ZnT3 and ZnT4 were
detected by RT-PCR analysis. In Rcho-1 cells, all of the ZnTs that have been identified in rats (ZnT1-4) were detected by
RT-PCR analysis. There were no differences between the mRNA expression levels of ZnT family members in undifferentiated
Rcho-1 cells and differentiated Rcho-1 cells. This is the first report of expression profiles of ZnTs during differentiation of the
placenta in the mouse placenta and rat placental cell models.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction proach has been used to analyze the functions of some

ZnT family members. ZnT3-deficient mice lack Zn
Zinc (Zn) is an essential trace element needed for within synaptic vesicles of neuron€¢le et al., 1999

the normal growth and development of the fetus. Zn and ZnT4 is deficient in the lethal milk mousdgyang

is required for the functions of Zn-containing proteins and Gitschier, 1997 Moreover, osteopenia and male-

in the regulation of gene expression and protein syn- specific sudden cardiac death in mice lacking ZnT5

thesis, intracellular protein trafficking and immune re- have been reportethpue et al., 2002 Thus, the func-

sponsesWildman and Medeiros, 2000A deficiency tions of ZnT family members vary according to tissue

in maternal Zn can cause biochemical and functional type.

abnormalities in the fetuBeach et al., 1983 Essen- The placenta is essential for the maintenance of
tial nutrients are transported from the maternal body pregnancy in mammals. Trophoblast cell lineages are
to the fetus across the placentn(pp et al., 1999 principal sources of placental functions, including the

While transplacental transporters of amino acids, fatty secretion of steroid and peptide hormon&sibta et
acids and peptides have been characterikaipp et al., 1991; Soares et al., 1997Zn might play a piv-
al., 1999; Takahashi et al., 200Zn transport in the  otal role in the placenta and trophoblasts. Indeed, Zn
placenta is not fully understood. uptake has been observed in human trophoblast cells
The intracellular Zn level is strictly regulated by and human placental microvillous membrane vesicles
several mechanisms, including Zn transporters and Zn- (Vargas Zapata et al., 2000; Aslam and McArdle, 1992;
binding proteins Kiuzzi et al., 200). Recent stud-  Mas and Sarkar, 1991Recent studies have found that
ies have indicated that intracellular Zn homeostasis is ZnT1, ZnT2 and ZnT4 are expressed in rat placenta
regulated by the Zn transporter (ZnT) family proteins (Liuzzi et al., 2001, 2008 However, there have been
(McMahon and Cousins, 1998; Kambe et al., 2002; no previous reports of ZnT family member expres-
Huang et al., 2002; Kirschke and Huang, 2p0&ll sion profiles in experimental models of the mouse pla-
ZnT family proteins have six transmembrane domains centa and trophoblast cell lines. In the rat placenta,
and a histidine-rich loop between transmembrane do- there are four types of differentiated trophoblast cells:
mains IV and V, where Zn may be bound by his- syncytiotrophoblast cells, glycogen cells, spongiotro-
tidines and subsequently transported across the mem-phoblast cells and giant cells. Trophoblast giant cells
brane. Seven ZnT family members have been identi- are thought to play a principal role in the endocrinol-
fied. Their expression profiles and functions are dif- ogy of the rat placentavimamoto et al., 1994 These
ferent McMahon and Cousins, 1998; Kambe et al., different lineages originate from stem cells of tro-
2002; Huang et al., 2002; Kirschke and Huang, 2003 phectodermal originGardner and Beddington, 1988
ZnT1lisinvolvedin zinc efflux across the plasma mem- Rat Rcho-1 cells, which were derived from a spon-
brane and is expressed in most tissues of miogz¢i taneous choriocarcinoma, can be induced to differen-
etal., 2001; Palmiter and Findley, 1992nT2-7 are tiate into trophoblast giant cells in vitrd=éria and
located on intracellular vesicular membranes and fa- Soares, 1991 Thus, these cells have been widely used
cilitate Zn accumulation in vesicleKémbe et al., for biochemical and genetic analyses of trophoblast
2002; Huang et al., 2002; Kirschke and Huang, 2003; cell differentiation Yamamoto et al., 1994; Hamlin
Cousins and McMahon, 20R1The expression pro- and Soares, 1995; Oda et al., 2001; Ohgane et al.,
files of ZnT2-7 are tissue-specific. ZnT2 is expressed 2002. On the contrary, syncytiotrophoblast cells are
in the small intestine, kidney, placenta and liMeiugzi generally accepted to be the main type of trophoblast
etal., 200}, while ZnT3 is expressed in the brain and cells regulating the transport of nutrients and waste
testesPalmiter etal., 1996a)bZnT4 is abundantly ex-  in the placenta Knipp et al., 1999 Kitano et al.
pressed in the brain and mammary glaridegng and (2002)established the rat syncytiotrophoblast cell line
Gitschier, 199¥, and ZnT5 is abundantly expressed in  TR-TBT and showed that TR-TBT is a good model
the pancreasambe et al., 2002 ZnT6 is expressed  for analysis of the placental transport of nutrients
in the liver, kidney, brain and small intestine, and ZnT7 and chemicals.
is expressed in the lung and small intestikieigng et In the present study, we investigated the expres-
al., 2002; Kirschke and Huang, 2003 genetic ap-  sion profiles of ZnT family members in experimental
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models of the placenta, including the murine placenta,
Rcho-1 cells and TR-TBT cells.

2. Materials and methods
2.1. Materials

C57BL/6J mice (weighing 30g) were obtained
from Japan Laboratory Animals Inc. (Tokyo, Japan).

NCTC-135 medium and TRIzol reagent were pur-
chased from Sigma-Aldrich (St Louis, MO) and In-

a7

In the experiments, the cells were seeded into a culture
dish in a sub-confluent condition, and differentiation
of Rcho-1 cells was induced by continuous culture
with a change of medium every 2 days. Morphology
of Rcho-1 cells gradually changed to differentiated
giant cells, and prolactin-like protein A (PLP-A),
a sign of trophoblast giant cells, was expressed in
the cells after 12 days of culturé&dria and Soares,
1997). Thus, cells on days 2 and 12 of culture were
used as undifferentiated and differentiated trophoblast
cells, respectively. TR-TBT (clone 18d-1) cells were
established as described previouskKiténo et al.,

vitrogen (Gaithersburg, MD), respectively. Primers for 2002. TR-TBT cells were cultured in DMEM supple-
PCR were obtained from TaKaRa Bio (Kyoto, Japan). mented with 10% FBS and 1&g/ml endothelial cell
All of the reagents used in this study were of research growth factor from bovine brain (b ECGF; Boehringer
grade. Mannheim, Mannheim, Germany) at 33 in a
humidified atmosphere of 5% GO
2.2. Animals and experimental protocol
2.4. Measurement of Zn levels
The mice received humane care throughout the
experiments according to the guidelines of Showa  The fetus was homogenized in 50 mM Tris—HCI
Pharmaceutical University. Mice were housed in (pH 8.0), and proteins of the resultant homogenates
stainless steel cages with a 12 h light/12 h dark cycle at were digested by treatment with a mixture of acids
25°C and were given ad libitum access to commercial (HNO3:HCIO4:H2SO4 = 8:2:1 in volume) at 130C
mouse chow (CE-2, Clea Japan, Inc., Japan) and waterfor 3 h and then by additional incubation in a mixture
Female mice were housed individually with a male of acids (HNQ:H2SO4 = 5:1 in volume) at 170C
mouse, and mating was confirmed by the presence offor 12—-18h. Zn levels in the digested samples and
a copulatory plug. Day 0 of gestation was determined serum were measured using an inductively cou-
as the day on which the presence of a copulatory plug pled plasma-mass spectrometer (ICP-MS) (Hewlett
was observed. On days 10, 14 and 18 of gestation, Packard 4500). The amounts of Zn were represented
mice were anesthetized with ether. Then the abdominal as the concentration of Zn per mg of protein. Protein
cavity was opened, and the fetus was removed from assays were performed using a Bio-Rad protein
the uterus. Whole blood was obtained through the assay Kkit.
abdominal aorta, and maternal serum was separated by
centrifugation. The placenta was also collected. The 2.5. RT-PCR analysis
fetuses and the placenta were frozen immediately in
liquid N2, and stored at-80°C until use. The serum
was stored at+-20°C until used for determination of Zn
levels.

Expression of ZnT family was determined by
reverse transcription-polymerase chain reaction
(RT-PCR). The primers used in this study for mouse
placenta are listed iffable 1 and those used for rat
trophoblasts are listed ifable 2 Total RNAs were ex-
tracted from mouse placenta, Rcho-1 cellsand TR-TBT

2.3. Cell cultures

Rcho-1 cells were maintained in growth medium
(NCTC-135 supplemented with 20% fetal bovine
serum (FBS), 26 mM sodium bicarbonate, 1 mM
sodium pyruvate, 50 mM 2-mercaptoethanol, 10 mM
Hepes) in a 5% C@atmosphere at 3TC. The cells
were routinely maintained in sub-confluent conditions.

cells with TRIzol reagent, and RT-PCR reactions were
performed using a commercially available kit (TaKaRa
RNA PCR kit (AMV) according to the manufacturer’s

protocols (TaKaRa Bio, Kyoto Japan). The PCR prod-
ucts were electrophoresed in a 3% agarose gel and then
stained with ethidium bromide. PCR conditions were
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Table 1

Primers for RT-PCR analysis of ZnT expression in placentas of mice

Gene Sequence’(® 3) PCR product length (bp)

ZnTI Sense primer CCTGGGCTTCITCTCTAGATTG 634
Antisense primer TGTCTTGGAAA GGTTGTTCTG

ZnT2 Sense primer TGAGGTGCCTACTTGCTCCT 352
Antisense primer TTCCAGCTGCTCCCTGTACT

ZnT3 Sense primer CCTGGTCTCTGTACTGTCCATCT 300
Antisense primer GATCACGAA CAGCTGTGAAGTC

ZnT4 Sense primer CCATCCTCATCTACTTCAAGCC 494
Antisense primer CAGAGGCAA CATGGT AAGTGAG

ZnT5 Sense primer GGAAGCGCCTCAAATCTATGCT 256
Antisense primer TACATTCAAAATGGCTTGGCACA

ZnT6 Sense primer GATAGCCTGGCAGTGAGAGCTG 282
Antisense primer TACATTCAAAATGGCTTGGCACA

ZnT7 Sense primer CACACCAGGAGAGCACTGAA 365
Antisense primer TCAGCCCTCCAACTGAGACT

GAPDH? Sense primer ACCACAGTCCATGCCATCAC 452
Antisense primer TCCAC CACCCTGTTGCTGTA

2 Used as an internal RNA control.

Table 2

Primers for RT-PCR analysis of ZnT expression in rat trophoblast cells

Gene Sequence’(® 3) PCR product length (bp)

ZnTIl Sense primer CCCAGCTTCATACATGCAGGTG 997
Antisense primer CCTTGCTCTTCTCCCCTATATGCTC

ZnT2 Sense primer GAACCTGCCCTCTGTTGAACTG 423
Antisense primer AACATGGTGTCCCCTTTGATCTC

ZnT3 Sense primer TGACTATCACATTGAGGCGGGT 479
Antisense primer TGTGCAGAGGCAACGTGGTAA

ZnT4 Sense primer GATCGGAGAGCTTGTAGGTGGATAC 398
Antisense primer TCGGAGAATTTGAAGGTA GGGAG

PLP-A Sense primer TCCrGGACAGTCCTCTTGC 410
Antisense primer TCTTTATGGCATCCAGGAGC

GAPDH? Sense primer TGAAGGTCGGTGTCAACGGATTTGGC 983

Antisense primer

CATGTAGGCCATGAGGTCCACCAC

2 Used as an internal RNA control.

as follows: 60 s at 95C, 45s at 56C, 45s at 72C for 3. Results

indicated cycles in placenta from mice; rat ZnT1-4,

20s at95C, 30s at 59C, 40s at 72C for indicated 3.1. Expression of ZnT family members in the
cycles; rat GAPDH 10 min at 95C, 1 min at 60C, mouse placenta

2min at 72°C for indicated cycles; rat PLP-A, 1 min

at 94°C, 1 min at 57C, 1 min at 72C for indicated Mice are widely used as a model to analyze Zn

cycles.

2.6. Statistical analysis

metabolism in organisms, and seven members of the
ZnT family have been identified in mic&ifschke and
Huang, 200R Therefore, we used RT-PCR to investi-
gate the expression of ZnT1-7 in the mouse placenta.

The significant difference was calculated using one- Representative results of the ZnT mRNA expression
way ANOVA followed by Dunnett's test. The level of  patternin mouse placenta are showhiig. 1 Allmem-

significance was set &< 0.05.

bers of the ZnT family were detected in the placenta.
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Fig. 1. Expression profiles of Zn transporters in the mouse placenta.
Total RNA extracted from the mouse placenta (day 14 of gestation) ) ) . .
was reverse-transcribed. The resultant cDNA was amplified by PCR Fig- 2. Changes in the expression profiles of Zn transporters during
as described iSection 2 There were 20 PCR cycles for GAPDH, 24 Pregnancy inmice. Total RNA was extracted from the mouse placenta
cycles for ZnT1, 40 cycles for ZnT2 and ZnT3, 26 cycles for ZnT4-6  ON the indicated day of gestation. Then, the expression of ZnT family

and 28 cycles for ZnT7. The PCR products were electrophoresed on Mémbers was detected by RT-PCR as describegution 2 The

3% agarose gels and visualized by ethidium bromide staining. number of PCR cycles is indicated in the right panel. PCR products
were electrophoresed on 3% agarose gels and visualized by ethidium
bromide staining.

However, the detection of ZnT3 required 40 cycles of

PCR, while all other ZnT family members could be 3.2. Expression of ZnT family members in rodent
detected after 30 or less cycles of PCR. trophoblast cell lines

Zn plays an important role in growth, development
and reproduction. Zn deficiency during pregnancy and  The placenta consists of various types of cells,
lactation has adverse effects in laboratory animals, including fetal endothelial cells, pericytes, villous
causing congenital malformations, embryonic death macrophages and trophoblasts. Trophoblasts play a
and fetal deathHurley, 1980. So, we examinedthe ex-  pivotal role in the transport of substances between the
pression profiles of ZnT mMRNA in the placenta during maternal body and the fetuStllc, 1989. Rodent tro-
pregnancy Fig. 2). The expression of all ZnTs, with  phoblast cell lines are readily available and therefore
the exception of ZnT3, was detected. There were no convenient for studying Zn transport. To the best of
changes in the expression levels of ZnT1, ZnT2, ZnT4, our knowledge, there are only two rat trophoblast cell
ZnT5 and ZnT6 during pregnancy, but the expression lines, Rcho-1 cellsand TR-TBT cells. Trophoblast cells
level of ZnT7 was increased during pregnancy. ZnT7 are classified as trophoblast giant cells, spongiotro-
was first detectable on day 12 of gestation (data not phoblasts, glycogen cells or syncytiotrophoblast cells
shown). Changes in Zn levels in the maternal serum (Knipp etal., 1999 Rcho-1 cellsand TR-TBT cells are
and embryo during pregnancy are shownFig. 3A trophoblast giant cells and syncytiotrophoblast cells,
and B. Embryonic Zn concentrations were monitored respectively Faria and Soares, 1991; Kitano et al.,
from day 12 of gestation until the end of pregnancy. Zn 2002. We investigated the expression of ZnT fam-
levels in maternal serum decreased in the early period ily members in Rcho-1 cells and TR-TBT cells. Since
of pregnancy (up to day 14 of gestation) and then in- Rcho-1 cells can spontaneously differentiate into tro-
creased to the level at day O of gestation. Changes in phoblast giant cells by continuous culture, these cells
embryonic Zn concentration were opposite to those in are often used as a model of placental differentiation
maternal serum. Embryonic Zn concentrations on days (Faria and Soares, 199 ZnT1-4 have previously been
16 and 18 of gestation were decreased compared to theidentified in the ratl(iuzzi et al., 2003. We detected
concentrations on days 12 and 14 of gestation. Thesethe expression of ZnT1-4 in Rcho-1 cellsand TR-TBT
results suggest that ZnT7 plays a role in the placenta cells. As shown inFig. 4A, some ZnT family mem-
in the late period of pregnancy. bers were detected in Rcho-1 cells by RT-PCR analy-
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Fig. 3. Changes in Zn levels in maternal serum and the em-
bryonic/fetal tissues during pregnancy. Maternal serum and em-
bryos/fetuses were isolated on the indicated day of gestation, and
the Zn levels of maternal serum (A) and embryos/fetuses (B) were
determined by ICP-MS as described3action 2 Data are means

SE ( = 3-6). * Significant difference from Zn levels at day 12 of
gestation P < 0.05).

sis. However, the expression of ZnT2 mRNA was not
detected in TR-TBT cellsHig. 4B). Rcho-1 cells were
seeded in culture dishes in a sub-confluent condition.
Continuous culture for 12 days caused an elevation in
the expression level of PLP-A, a sign of differentiation
of Rcho-1 cells into trophoblast giant cellBig. 4C)
(Faria and Soares, 199Me used Rcho-1 cells that

Letters 154 (2004) 45-53

that did not express PLP-A mRNA as undifferentiated
cells. ZnT1-4 mRNA levels and cellular Zn levels did
not change between undifferentiated Rcho-1 cells and
differentiated Rcho-1 celld{g. 4C).

4. Discussion

More than a dozen molecules involved in Zn trans-
port have been identified by genetic and genomic stud-
ies in mammalian cellsRalmiter and Huang, 2004
In the present study, we investigated the expression
profiles of ZnT family members during pregnancy in
rat trophoblast cell lines and placentas of mice. Mem-
bers of the ZnT family are able to decrease the cy-
toplasmic Zn concentration by transporting Zn out
of cells or into intracellular compartments. Zn fam-
ily proteins have similar membrane topologies con-
sisting of six transmembrane domains and a histidine-
rich loop between transmembrane domains IV and V,
where Zn may be bound by histidines and subsequently
transported across the membrane. Seven members of
the ZnT family have been identified and character-
ized in mice McMahon and Cousins, 1998; Kambe
et al., 2002; Huang et al., 2002; Kirschke and Huang,
2003. The znT family members are expressed in a
tissue-specific manner. For example, ZnT3 is only ex-
pressed in the brain and testes, and ZnT2 is widely
expressed but not detectable in the liver, mammary
gland, muscle, adipose, thymus and spldealriter
et al., 1996a,p In this study, we detected the ex-
pression of ZnT1-7 in the placentas of mice. The
brain is the only other tissue in which all ZnT fam-
ily members (ZnT1-7) have been detect®alfniter
and Huang, 2004 Thus, the placenta is the second
tissue to be identified in which all ZnT family mem-
bers have been detected. Expression profiles of ZnT
family members are different during pregnancy. Since
there is no biological or functional proof that the iden-
tified ZnT family proteins actually play roles in the
placenta during pregnancy and in the differentiation
of trophoblasts, our results cannot directly address the
roles of the ZnT family in the placenta. However, the
finding that the expression level of ZnT7 mMRNA was
elevated from day 14 of gestation in the mouse pla-
centa suggests an association of ZnT7 with placental
development. ZnT7 was determined to be a transporter

were seeded in a sub-confluent culture for 2 days and of zinc from the cytoplasm into the Golgi apparatus
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Fig. 4. Expression profiles of ZnT family members in Rcho-1 cells and TR-TBT cells. Total RNA was extracted from Rcho-1 cells that were
cultured in a sub-confluent condition (A) and TR-TBT cells (B). The RNA was subjected to RT-PCR as descBketidn 2 There were 23

PCR cycles for GAPDH, 33 cycles for ZnT1 and ZnT3 and 30 cycles for ZnT2 and ZnT4 in Rcho-1 cells. There were 25 PCR cycles for GAPDH
and 33 cycles for ZnT1-4 in TR-TBT cells. Expression of ZnT family members in Rcho-1 cells that differentiated into trophoblast giant cells (C).
Rcho-1 cells were seeded in 60 rhpiates in a sub-confluent condition. Differentiation of Rcho-1 cells was confirmed by giant cell morphology

and by expression of PLP-A, a marker of trophoblast giant cells. Rcho-1 cells that were cultured for 2 days were used as undifferentiated cells,
and Rcho-1 cells that were cultured for 12 days were used as differentiated cells. Total RNA extracted from undifferentiated and differentiated
Rcho-1 cells was reverse-transcribed, and the resultant cDNA was amplified by PCR with the indicated number of cycles. The PCR products
were electrophoresed on a 3% agarose gel and visualized by ethidium bromide staining.

(Kirschke and Huang, 2003Considering the ability
of the placenta to produce a wide variety of proteins,
peptides and steroid hormoné&ma and Rao, 2003
the expression of ZnT7 in the late period of preg-
nancy may be involved in endocrine function of the
placenta. A core promoter-binding protein (CPBP) is a
zinc finger protein involved in the regulation of TATA

whether ZnT7 regulates the activity of CPBP during
pregnancy.

The placenta consists of various types of cells,
including fetal endothelial cells, pericytes, villous
macrophages and trophoblasts. Rodent trophoblasts
are classified into trophoblast giant cells, spongiotro-
phoblasts, glycogen cells and syncytiotrophoblast cells

box-less genes, such as those encoding pregnancy{Knipp et al., 199%. In the present study, we char-

specific glycoproteinsSlavin et al., 1999 Expres-
sion profiles of CPBP differed during pregnancy, and
CPBP mRNA was strongly expressed from day 12.5
to 18.5 of gestation in the placentas of mi&ayin
et al., 1999. Thus, it may be interesting to investigate

acterized the expression profiles of the ZnT family
members in a rat trophoblast giant cell model, Rcho-
1 cells, and in a rat syncytiotrophoblast cell model,

TR-TBT cells faria and Soares, 1991; Kitano et al.,

2002. Although ZnT2 mRNA was detected in Rcho-1
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cells, the expression of ZnT2 was deficientin TR-TBT cell line expressing members of the placental prolactin family.
cells. Syncytiotrophoblast cells are chiefly involved in Endocrinology 129, 2895-2906. - _
regulating the transport of various substances betweenGardner, R.L., Beddington, R.S., 1988. Multi-lineage ‘stem’ cells in

the mammalian embryo. J. Cell Sci. (Suppl.) 10, 11-27.
maternal and fetal compartmentsrﬂpp etal, 1999 Hamlin, G.P., Soares, M.J., 1995. Regulation of deoxyribonucleic

Trophoblast giant cells play an endocri_ne role in the acid synthesis in proliferating and differentiating trophoblast
placentaYamamoto et al., 1994Expression of ZnT2 cells: involvement of transferrin, transforming growth facgor-

results in Zn accumulation in the intracellular acidic and tyrosine kinases. Endocrinology 136, 322-331.
endosomes and the attenuation of cytotoxicity induced Huang, L., Gitschier, J., 1997. A novel gene involved in zinc transport

by transient rises in intracellular Zn IeveIEe(Imiter is deficient in the lethal milk mouse. Nat. Genetics 17, 292—297.
y Huang, L., Kirschke, C.P., Gitschier, J., 2002. Functional charac-

et al., 1996a,p Therefore, one possible explanation terization of a novel mammalian zinc transporter ZnT6. J. Biol.
for different expression levels of ZnT2 in Rcho-1 cells Chem. 277, 26389-26395.

and TR-TBT cells is that ZnT2 is not needed in syn- Hurley, L.S., 1980. Developmental Nutrition. Prentice-Hall, Engle-
cytiotrophoblast TR-TBT cells for transport between  Wood Cliffs, NJ.

maternal and fetal mbartments. Svnthesi f or Inoue, K., Matsuda, K., Itoh, M., Kawaguchi, H., Tomoike, H., Aoy-
aternal a etal compartments. Synthesis of pro- agi, T., Nagai, R., Hori, M., Nakamura, Y., Tanaka, T., 2002. Os-

te_ins- including _hom_mnes and proteins, in trophoblast  teopenia and male-specific sudden cardiac death in mice lacking
giant cells requires intracellular uptake of excess Zn,  azinctransporter gene ZnT5. Hum. Mol. Genet. 11, 1775-1784.
and ZnT2 may therefore be expressed in order to at- Kambe, T., Narita, H., Yamaguchi, Y., Hirose, J., Amano, T., Sugiura,

tenuate cytotoxicity of elevation of intracellular Zn N., Sasaki, R., Mori, K., Iwanaga, T., Nagao, M., 2002. Cloning
levels and characterization of a novel mammalian zinc transporter, zinc

L . . . transporter 5, abundantly expressed in pancreatic beta cells. J.
In summary, this is the first report to investigate the Biol. Chem. 277, 19049—19055.

expression profiles of ZnT family members in rodent Kirschke, C.P., Huang, L., 2003. ZnT7, a novel mammalian zinc

placental models. The results provide insights into the  transporters, accumulates zinc in the Golgi apparatus. J. Biol.

biology of the ZnT family in the placenta. _ Chem. 278, 4096-4102. .
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E., 2002. Polarized glucose transports and mRNA expression
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