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Abstract A prostate contains *10-fold higher zinc than

other soft organs. The function of the prostate is to produce

a zinc-enriched seminal fluid. To establish a protein

expression profile for zinc transporters involved in zinc

efflux and intracellular sequestration/storage in the mouse

prostate during sexual maturation, ZNT expression were

investigated by immunohistochemistry. Our study demon-

strated that ZNT proteins were differentially expressed in

the prostate during sexual maturation. ZNT1 was mainly

detected on the lateral membrane of the epithelium. Other

ZNTs examined resided intracellularly. Among differences

were a staining of ZNT2/ZNT5 in the ER-rich area of the

epithelium in the anterior lobe, a staining of ZNT2 along

the lateral and apical membrane, a luminal border staining

of ZNT4, a staining of ZNT5 in the Golgi area of the

epithelium in the ventral lobe, a uniform expression of

ZNT6 across the lobes and ages, and a staining of ZNT7 in

all lobes across ages.

Keywords Zinc transporters � Slc30 family � ZNT �
Mouse prostate � Male genital tract �
Cellular zinc accumulation

Introduction

Zinc is an essential trace element for survival of mam-

malian species. Severe dietary deficiency leads to growth

stunting, alopecia, dermatitis, and depressed immune

competence (Black 1997). The level of zinc in the body is

regulated through tight homeostatic controls. It is accom-

plished through both uptake and efflux systems in the cell

by two solute-linked carrier gene families referred to as

Slc30 (Znt) and Slc39 (Zip). Eight ZNT family members

(ZNT1-8) (Chimienti et al. 2004; Cragg et al. 2002; Huang

and Gitschier 1997; Huang et al. 2002; Kambe et al. 2002;

Kirschke and Huang 2003; Palmiter et al. 1996a, b; Pal-

miter and Findley 1995) and eight ZIP (ZIP1-7, ZIP14)

(Gaither and Eide 2000, 2001; Kelleher and Lonnerdal

2005; Taylor et al. 2004; Wang et al. 2002) family mem-

bers have been characterized. Transmembrane domains are

present in both families with the locations of N- and C-

terminal regions of ZNT proteins on the intracellular side

while ZIP protein’s terminal regions are on the extracel-

lular side (Eng et al. 1998; Palmiter and Huang 2004).

ZNT proteins function to decrease the cytoplasmic zinc

through sequestration of zinc into intracellular organelles

of the cell or efflux of zinc to the extracellular space

(Kirschke and Huang 2003; Liuzzi et al. 2001; Palmiter

and Huang 2004). ZIP proteins increase the cytoplasmic

zinc by zinc uptake at the cell surface or release of stored

zinc from intracellular compartments within the cell

(Dufner-Geattie et al. 2003a, b; Franklin et al. 2003; Hu-

ang et al. 2005).

Znt1 (Slc30a1) was discovered when a rat cDNA from

kidney was able to rescue zinc-sensitive baby hamster

kidney (BHK) cells in high zinc conditions (Palmiter and

Findley 1995). ZNT1 was shown to reside on the plasma

membrane along the basolateral membrane of cells
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(McMahon and Cousins 1998; Sekler et al. 2002; Yu et al.

2007). Znt2 (Slc30a2) was discovered in the same manner

as Znt1 (Palmiter et al. 1996a). ZNT2 is localized to ves-

icles resembling late endosomes and lysosomes (Eng et al.

1998; Falcón-Pérez and Dell’Angelica 2007; Palmiter et al.

1996a). Znt3 (Slc30a) was found using the rat Znt2 cDNA

to screen a mouse genomic k library (Palmiter et al.

1996b). ZNT3 is predominantly expressed in brain and it is

localized to the synaptic vesicles in neurons (Palmiter et al.

1996b). Over-expression of ZNT3 enhanced vesicular zinc

accumulation as indicated by the increased zinquin fluo-

rescence (Palmiter et al. 1996b). Znt4 (Slc30a4) was

discovered during positional cloning of the mouse mutant

gene pallid (Huang and Gitschier 1997). ZNT4 is localized

to intracellular vesicles and the trans-Golgi network in

normal rat kidney cells, human breast epithelia, and human

colon epithelia (Huang et al. 2002; Michalczyk et al. 2002;

Murgia et al. 1999). In human fibroblastoid cells (M1),

green fluorescent protein (GFP)-tagged ZNT2, ZNT3, and

ZNT4 are localized to the late endosome and lysosome

compartments as indicated by the overlapping expression

with LAMP1 (Falcón-Pérez and Dell’Angelica 2007). Znt5

(Slc30a5) was discovered in a EST database search for

homologs/orthologs to Znt1 and zrc1, a yeast ortholog of

Znt genes (Cragg et al. 2002; Kambe et al. 2002). Human

ZNT5 was found to have two splicing variants with dif-

ferent subcellular localizations. The variant A is localized

to the Golgi apparatus and the variant B is localized

throughout cell including plasma membrane when tagged

with the GFP in Chinese hamster ovarian cells (CHO)

(Cragg et al. 2002; Jackson et al. 2007). The ZNT5B var-

iant is the first ZNT protein shown to be involved in raising

the cytoplasmic zinc in the cell (Valentine et al. 2007).

Znt6 (Slc30a6) and Znt7 (Slc30a7) were identified using

the ZNT4 and ZNT1 amino acid sequences to search the

EST database, respectively (Huang et al. 2002; Kirschke

and Huang 2003). Both ZNT6 and ZNT7 are localized to

the Golgi apparatus and vesicular compartments in cultured

cells, such as normal rat kidney cells, rat intestinal epi-

thelial cells, mouse choroid epithelial cells, and human

lung fibroblasts (Chi et al. 2006; Huang et al. 2002; Kirs-

chke and Huang 2003). The vesicular compartment

staining of ZNT6 overlapped with that of transferrin

receptor (Huang et al. 2002). Over-expression of ZNT7 in

CHO cells increased zinc accumulation in the Golgi

apparatus as evidenced by the enhanced zinquin fluores-

cence (Kirschke and Huang 2003). Znt8 (Slc30a8) was

identified by a search of the human EST database with the

amino acid sequences of all known human ZNT proteins at

the time (Chimienti et al. 2004). ZNT8 is mainly expressed

in the pancreas and it is co-localized with insulin within the

b-cell. In insulinoma cells (INS-1E cells), over-expression

of a GFP-tagged ZNT8 led to zinc accumulation in

granules near the plasma membrane of the cell (Chimienti

et al. 2004, 2006).

The prostate is an androgen-dependent secretory gland

of the male genital tract. It produces a bulk of zinc-enri-

ched seminal fluids. At sexual maturity, the mouse prostate

gland consists of four histologically distinct lobes referred

as the anterior or coagulating, ventral, dorsal, and lateral

prostate (Marker et al. 2003). The latter two are usually

referred to as dorsolateral prostate. These individual lobes

are surrounded by a thin stromal layer consisting of spindle

cells and collagen fibers. The glands have intervening

nerve bundles and loose connective tissue. The human

prostate consists of the peripheral zone, central zone, and

transition zone surrounded by stroma and capsule to form a

single lobe. Both mouse and human prostatic ducts consist

of three major cell types: luminal secretory epithelial cells,

basal epithelial cells, and stromal smooth muscle cells.

Other less common cell types include neuroendocrine

cells and stem cell candidates (Marker et al. 2003). Gene

expression profiles have provided evidence that the

mouse dorsolateral lobe mimics the human peripheral lobe

(Berquin et al. 2005). This is also the region for the origin

and pathogenesis of prostate cancer in humans and mouse

prostate cancer models. Previous studies have also dem-

onstrated that the mouse prostate and the peripheral zone of

the human prostate contain 4–10 times more cellular zinc

than any other tissue in the body (Costello and Franklin

1998; Kerr et al. 1960; Mawson and Fischer 1952). A

persistent characteristic of prostate cancer is the decline of

zinc levels in the luminal epithelial cells to that of other

tissues in the body (Costello and Franklin 1998, 2000;

Zaichick et al. 1997). Although zinc is an important factor

of prostate biology and pathology, the exact roles of zinc

and its regulation in the normal and malignant prostatic

glands are not understood. Two zinc transporters have been

implicated in the reduction of cellular zinc levels during

pathogenesis of prostate cancer. ZIP1, a major zinc uptake

protein in the prostate, and ZNT4 were shown to be down-

regulated in the malignant epithelial cells leading to

decrease of zinc and citrate levels in these cells (Beck et al.

2004; Franklin et al. 2005).

Given that (1) zinc is highly accumulated in the prostate,

(2) the expression and regulation of zinc transporters are

affected in human prostate cancer, and (3) mice are being

utilized for human prostate cancer models, it was of the

greatest interest to study the expression patterns of zinc

transporters that are involved in cellular zinc accumulation

in the normal secretory epithelium of the mouse prostate.

Prostate branching morphogenesis in mice continues until

5 weeks of age at which time the prostate is considered

developmentally mature but not sexually mature. The

prostate continues to expand in both glandular and luminal

diameters until 7 weeks (Singh et al. 1999). In the present
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study, we examined the expression patterns and cellular

localization of ZNT1, 2, 4, 5, 6, and 7 in the mouse prostate

at the pre and middle of the puberty (4- and 6-week-old)

and at the sexual maturity (8-week-old) using immuno-

histochemistry. We did not examine ZNT3 and ZNT8

expression in the prostate as the expression has been

demonstrated being tissue-specific (Chimienti et al. 2004,

2006; Palmiter et al. 1996b). It is expected that our results

will lay a foundation to the understanding of how a high

level of zinc being achieved and maintained in the secre-

tory epithelial cells of the prostate during sexual

maturation.

Materials and methods

Mice

In house bred C57BL/6 mice were housed in a tempera-

ture-controlled room at 22–24�C with a 12 h light:dark

cycle and fed a standard laboratory chow diet (picoLab�

mouse diet 20) and double-distilled water ad libitum. Mice

were killed at 4, 6, and 8 weeks by cardiac puncture while

anesthetized by intraperitoneal injection of 250 mg/kg

Trimbromoethanol (Avertin�, Aldrich, St. Louis, MO).

Animal experiments were conducted in accordance with

NIH guidelines for the Care and Use of Experimental

Animals and were approved by the Institutional Animal

Care and Use Committee of the University of California at

Davis.

Preparation of tissue

The entire complex consisting of bladder, urethra, prostate,

and seminal vesicles was dissected out of mice and placed

in a 4% paraformaldehyde solution made in 19 PBS, pH

7.4 overnight. Tissues were then rinsed in 19 PBS for

30 min at room temperature (RT) followed by 40 min in

80% FLEX (Richard-Allan Scientific, Kalamazoo, MI) and

placed at 4�C until processed. Dehydration steps consisted

of 95% FLEX for 20 min twice, 100% FLEX 20 min

twice, and Clear-Rite 3 (Richard-Allan Scientific) 15 min

twice. Tissues were infiltrated and embedded in Type 6

paraffin (Richard-Allan Scientific) at 58�C with 3 rotations

and the last rotation was under vacuum pressure of

20 in.Hg for 30 min. Tissue sections in 5-lm thickness

were cut, mounted on positive-charged slides, and dried

first at 42�C for 30 min and then at 58�C for 45 min.

Immunohistochemistry

Tissue sections were deparrafinized with Xylene and

rehydrated using FLEX alcohols. Tissue antigen retrival

was accomplished in 0.1 M Tris–Cl, pH 10, at 95�C for

20 min. The endogenous peroxidase activity was elimi-

nated by treating sections with 5% H2O2 at RT for 15 min.

The non-specific binding of biotin/avidin was blocked

using an Avidin–Biotin Blocking kit purchased from

Vector Laboratories (Burlingame, CA). Tissues were then

treated with 2% mouse and 2% goat serum in 19 PBS, pH

7.4, to block non-specific protein bindings. Affinity puri-

fied antibodies were diluted in 19 PBS, pH 7.4, containing

2% mouse and 2% goat sera as follows: ZNT1 1:500,

ZNT2 1:250, ZNT4 1:5, ZNT5 1:75, ZNT6 1:25, ZNT7

1:900. Primary antibodies were applied to the sections and

incubated overnight at 4�C. Immunoperoxidase staining

was accomplished using a Vectastain ABC kit and a DAB

substrate (Vector Laboratories). Sections were covered

with coverslips using Permount mounting medium (Fisher,

Pittsburgh, PA).

Antibodies

Rabbit anti-ZNT1, anti-ZNT4, anti-ZNT5, anti-ZNT6, and

anti-ZNT7 polyclonal antibodies were raised against syn-

thetic peptides and were affinity purified as described

previously (Huang et al. 2002; Kirschke and Huang 2003;

Yu et al. 2007). Rabbit anti-ZNT2 antibody was kindly

given by Dr. Shannon L. Kelleher (the Pennsylvania State

University, PA) (Chowanadisai et al. 2006).

Results

To determine ZNT expression profiles in the epithelium of

the anterior, dorsal, lateral, and ventral lobes of the prostate

during sexual maturation of C57BL/6 mice, we performed

immunohistochemical analysis in prostate tissues isolated

from 4, 6, and 8-week-old mice. To control for inter-animal

variations, three age-matched mice were analyzed for each

time point. We did not observed obvious variations for the

expression of the ZNT proteins examined for the same lobe

at a specific age point across animals. Figures 1–6 of this

report present the protein expression profiles from repre-

sentative immunohistochemical results at different time

points investigated. All control sections were free of

immunostaining using the pre-immune sera isolated from

the rabbits that the specific antibodies (ZNT1, 2, and 4–7)

were raised from (data not shown).

ZNT1 expression

ZNT1 expression was detected in the epithelium across all

lobes during the sexual maturation. However, the intensity

of ZNT1 immunoreactivity reduced at 8 weeks, suggesting

J Mol Hist (2008) 39:359–370 361
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that ZNT1 might play a role in early prostate development

in the epithelium of all prostatic lobes (Fig. 1). ZNT1 was

mainly expressed on the lateral membrane of the epithe-

lium of all lobes at 4, 6, and 8 weeks of age; but it was also

seen in the cytoplasm of the epithelium of all prostatic

lobes at 6 weeks (Fig. 1B).

ZNT2 expression

ZNT2 expression increased with age in the anterior lobe.

As shown in Fig. 2, ZNT2 was completely absent from

epithelial cells in the anterior lobe at 4 weeks. It was

weakly stained in the perinuclear region of epithelial cells

Fig. 1 Immunohistochemical

(IHC) localization of ZNT1 in

the mouse prostate at 4–

8 weeks. Immunoreactive

ZNT1 was mainly observed in

the lateral membrane of the

epithelium of the prostate

including anterior, dorsal,

lateral, and ventral lobes

(arrows). Expression of ZNT1

was also detected intracellularly

in the epithelium of the prostate

at 6 weeks of age (stars).

Expression of ZNT1 decreased

in the epithelium of prostate at

8 weeks when mice were

sexually matured. Bl indicates

the basal side of the epithelium.

Lu indicates the luminal space

of the prostatic duct. Bar = 40

and 10 lm in the panels A and

B, respectively
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in the anterior lobe at 6 weeks (Fig. 2B). However, at

8 weeks, strong ZNT2 immunoreactivity was detected in

the cytoplasm of epithelial cells between the nucleus and

basal membrane of the cell. On the other hand, expression

of ZNT2 was constant in the dorsal, lateral, and ventral

lobes across the ages examined (Fig. 2A). At a higher

magnification, ZNT2 immunoreactivity was observed

along the lateral and apical membranes of the epithelium of

the dorsal, lateral, and ventral prostates, which was more

evident in the lobes at 4 weeks (Fig. 2B). A cytoplasmic

staining of ZNT2 was also observed in the dorsal, lateral,

and ventral lobes at 6 and 8 weeks. Moreover, a

Fig. 2 IHC localization of

ZNT2 in the mouse prostate at

4–8 weeks. Expression of ZNT2

gradually increased from 4 to

8 weeks of age in the epithelium

of the anterior prostate. Arrows

indicate the immunoreactive

ZNT2. The staining pattern of

ZNT2 in the anterior prostate is

different from that in the dorsal,

lateral, and ventral lobes that

display similar staining patterns.

Bl indicates the basal side of the

epithelium. Bar = 40 and

10 lm in the panels A and B,

respectively
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homogenous ZNT2 staining was seen in the spheres arising

from the apical cytoplasm of epithelial cells in the ventral

prostate at 6 weeks.

ZNT4 expression

In the epithelium of the anterior and dorsal lobes, expres-

sion of ZNT4 increased with age. At 4 weeks, ZNT4 was

stained as punctuate particles near the luminal border in the

anterior lobe whereas ZNT4 was not detectable in the

dorsal lobe (Fig. 3). At 6 and 8 weeks, ZNT4 staining was

predominantly located in the region between the nucleus

and luminal border of epithelial cells that corresponded

with the location of the Golgi apparatus (Brandes and

Portela 1960a) (Fig. 3B). In addition, ZNT4 was detected

along the luminal border of the epithelium of the prostate

(Fig. 3B). No obvious change in the intensity of ZNT4

immunoreactivity in the epithelium of the lateral and

ventral lobes was observed (Fig. 3A). ZNT4 expression

was mainly detected in the region between the nucleus and

luminal border of epithelial cells; but it was also seen in the

cytoplasm between the nucleus and basal membrane of the

cell (Fig. 3B).

ZNT5 expression

In the epithelium of the anterior lobe, the immunoreactivity

for ZNT5 was much weaker at 4 weeks than that at 6 and

8 weeks (Fig. 4). However, the staining pattern was similar

at different ages in which the cytoplasmic localization was

detected between the nucleus and basal membrane of the

cell. In the epithelium of the dorsal lobe, the staining

pattern of ZNT5 shifted as mice aged. At 4 weeks, ZNT5

was predominantly localized in the cytoplasm along the

membrane in cell–cell contacts. At 6 weeks, ZNT5

immunoreactivity became more homogenous in epithelial

cells. At 8 weeks, it mainly resided in the cytoplasm

between the nucleus and basal membrane of the cell

(Fig. 4B). In the lateral lobe, ZNT5 immunoreactivity was

detected in the cytoplasm of epithelial cells except for the

region where the Golgi apparatus located (Brandes and

Portela 1960a) (Fig. 4B). In the ventral lobe, ZNT5 was

predominantly distributed in the cytoplasm between the

nucleus and luminal border of epithelial cells with enriched

staining spots.

ZNT6 expression

ZNT6 was expressed in all prostatic lobes at all ages

examined. However, its expression pattern was different

among the lobes (Fig. 5). In the anterior lobe, ZNT6 was

predominantly localized in the cytoplasm between the

nucleus and luminal border (Fig. 5B). In the dorsal, lateral,

and ventral lobes, ZNT6 immunostaining was more ubiq-

uitous in epithelial cells; but stronger staining was detected

towards to the lateral cytoplasm of the cell (Fig. 5B). A

Golgi complex staining pattern was also seen in epithelial

cells, which was most obvious in epithelial cells at 4 weeks

(Fig. 5B).

ZNT7 expression

ZNT7 was mostly expressed in all lobes at 6 weeks and

least expressed in these lobes at 4 weeks (Fig. 6). In the

anterior, dorsal, and lateral lobes, ZNT7 was enriched in

the apical cytoplasm of epithelial cells with a Golgi com-

plex staining pattern (Fig. 6B). In the ventral lobe, ZNT7

was barely detected at 4 weeks. However, at 6 and

8 weeks, ZNT7 was strongly expressed in both apical and

basal cytoplasm of epithelial cells. ZNT7-positive frag-

ments pinching-off the apical cytoplasm were seen in the

epithelium of the ventral lobe (Fig. 6B).

Discussion

It is known that normal prostatic epithelial cells accumulate

almost 10-times more cellular zinc than other soft tissues,

such as liver and kidney (Costello and Franklin 1998).

Maintenance of a high zinc level in the prostatic epithelium

and secretion of zinc into the prostatic fluid are essential

functions of the prostatic secretory epithelial cells for male

fertility (Canale et al. 1986; Kvist et al. 1987). In addition,

loss of cellular zinc accumulation in the prostatic epithelial

cells has been implicated in the development of prostate

cancer (Costello and Franklin 2006; Huang et al. 2006).

Members of the Slc30 zinc transporter family are known to

facilitate cellular zinc storage and export in mammalian

cells (Palmiter and Huang 2004). Except for ZNT1, which

has been shown residing on the plasma membrane of many

mammalian cells (Liuzzi et al. 2001; Palmiter and Findley

1995; Yu et al. 2007), other ZNT proteins (ZNT2-8) are

intracellularly localized and function to sequestrate the

cytoplasmic zinc into intracellular organelles (Chimienti

et al. 2004; Falcón-Pérez and Dell’Angelica 2007; Huang

and Gitschier 1997; Huang et al. 2002; Kambe et al. 2002;

Kirschke and Huang 2003; Palmiter et al. 1996a, b). The

study reported herein describes the temporal and anatom-

ical patterns of ZNT expression in the epithelium of the

mouse prostate during sexual maturation.

ZNT1, a protein essential for mouse embryonic

development (Andrews et al. 2004), was expressed in all

lobes of the prostate during sexual maturation of mice and

was mainly localized on the lateral membrane. However,

the expression levels were reduced in the prostatic lobes

364 J Mol Hist (2008) 39:359–370
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when mice reached sexual maturity at 8 weeks. This

expression pattern is in a good agreement with the

function of prostatic secretory epithelial cells, which are

to accumulate zinc in cells and to secrete enormous

amounts of zinc into the lumen of the prostate through the

secretory pathway as the prostate is sexually matured. The

high expression of ZNT1 in the developing epithelium of

the prostate suggests that ZNT1 may have an important

role in promoting epithelial growth and/or morphogenesis

during prostate development.

Fig. 3 IHC localization of

ZNT4 in the mouse prostate at

4–8 weeks. Expression of ZNT4

gradually increased from 4 to

8 weeks of age in the epithelium

of the anterior and dorsal lobes.

Arrows indicate the

immunoreactive ZNT4.

Immunoreactive ZNT4 was also

detected along the luminal

border of the epithelium of the

prostate (stars). Bl indicates the

basal side of the epithelium.

Bar = 40 and 10 lm in the

panels A and B, respectively
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It has been proposed that both ZNT2 and ZNT4 are

involved in zinc homeostasis of late endocytic organelles

(late endosomes and lysosomes) in the cell (Falcón-Pérez

and Dell’Angelica 2007; Huang and Gitschier 1997; Pal-

miter et al. 1996a). Therefore, it is anticipated that the

expression of ZNT2 and ZNT4 would be somewhat unique

in the temporal expression pattern but overlapping in the

cellular localization in a given tissue. In the mouse pros-

tate, both ZNT2 and ZNT4 expression were increased as

mice aged (4–8 weeks). However, their expressing loca-

tions in the cell were different among the prostatic lobes.

Expression of ZNT2 appeared to be developmentally

Fig. 4 IHC localization of

ZNT5 in the mouse prostate at

4–8 weeks. Expression of ZNT5

gradually increased from 4 to

8 weeks of age in the epithelium

of the anterior and dorsal lobes.

Arrows indicate the

immunoreactive ZNT5. The

staining pattern of ZNT5 is

different among the lobes.

ZNT5 is predominantly

localized in the basal part of the

cytoplasm of epithelial cells in

the anterior and dorsal lobes at

8 weeks whereas ZNT5 displays

a staining throughout epithelial

cells but the Golgi-rich area in

the lateral lobe. In the ventral

lobe of the prostate, ZNT5

immunoreactivity is largely

detected in the Golgi-rich area

of epithelial cells. Bl indicates

the basal side of the epithelium.

Bar = 40 and 10 lm in the

panels A and B, respectively

366 J Mol Hist (2008) 39:359–370
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regulated in the anterior lobe of the prostate. ZNT2 was not

detectable at 4 weeks of age. But its expression became

obvious at 8 weeks and it was mainly detected in the basal

part of the epithelial cell where the most dilated cisternae

of the endoplasmic reticulum resides (ER) (Brandes and

Portela 1960a). In the dorsal, lateral, and ventral epithelium

of the prostate, ZNT2 was found in the cytoplasm near the

lateral boundary and the apical pole of the cell where the

flattened ER predominately resides (Brandes and Portela

1960b), suggesting the ER localization of ZNT2. On the

Fig. 5 IHC localization of

ZNT6 in the mouse prostate at

4–8 weeks. Immunoreactivity

of ZNT6 is observed in all lobes

of the prostate from age 4 to

8 weeks. Arrows indicate the

immunoreactive ZNT6. Bl

indicates the basal side of the

epithelium. Bar = 40 lm and

10 lm in the panels A and B,

respectively
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other hand, expression of ZNT4 was primarily detected in

the apical part of the epithelial cell just above the nucleus

where the Golgi complex resides. ZNT4 was also found on

the tip (the free border) of the epithelium in all lobes of the

prostate. It is obvious, based on our protein expression

study, that ZNT2 and ZNT4 may play different roles in

cellular zinc homeostasis in the mouse prostate during

sexual maturation.

It has been demonstrated that two transcripts of human

ZNT5 that differ at both the 5’ and 3’ ends exist due to the

Fig. 6 IHC localization of

ZNT7 in the mouse prostate at

4–8 weeks. The prostatic lobes

at 6 weeks of age display the

strongest immunoreactivity of

ZNT7 whereas the lobes at

4 weeks of age show the

weakest immunoreactivity.

ZNT7 is mainly detected in the

apical part of the cytoplasm of

the epithelium. Arrows indicate

the immunoreactive ZNT7. Bl

indicates the basal side of the

epithelium. Bar = 40 lm and

10 lm in the panels A and B,

respectively

368 J Mol Hist (2008) 39:359–370
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alternative splicing during transcription (Cragg et al. 2002;

Jackson et al. 2007). The splicing variant A (ZNT5A) is

localized to the Golgi complex and is believed to be

involved in supplying zinc to secreted, zinc-requiring

enzymes. The splicing variant B (ZNT5B) is localized on

both the cell surface and Golgi complex, and is believed to

play a role in intestinal zinc uptake (Jackson et al. 2007;

Valentine et al. 2007). Similar to the human ZNT5, the

mouse Znt5 gene exists two transcripts that differ only at 5’

end of the transcripts. The function and cellular localiza-

tion of the mouse ZNT5 variants have not been

demonstrated. The ZNT5 antibody that we used in this

study could recognize both variants expressed in mouse

tissues. Differential distribution of ZNT5 was observed in

the anterior and dorsal lobes of the prostate. Similar to

ZNT2, expression of ZNT5 was largely found in the basal

part of epithelial cells in the anterior lobe of the prostate,

suggesting the ER localization of ZNT5. In the dorsal and

lateral lobes, ZNT5 was expressed throughout epithelial

cells that made it hard to define the location of the

expression. Conversely, in the ventral lobe of the prostate,

the staining pattern of ZNT5 was reminiscent to that of

ZNT4. The observation that ZNT5 is expressed in different

cellular compartments of epithelial cells in different lobes

of the prostate may reflect the differential expression of

ZNT5a and ZNT5b in these lobes.

Previous work has already documented the Golgi

apparatus localization of ZNT6 and ZNT7 (Huang et al.

2002; Kirschke and Huang 2003). Again, in this study, we

observed that both ZNT6 and ZNT7 were predominantly

found in the apical part of the epithelium adjacent to the

nucleus where the Golgi complex resides (Brandes and

Portela 1960a, b) in all lobes of the prostate. We also

observed an increased expression of ZNT7 in the prostates

isolated from 6- to 8-week-old mice, suggesting that

expression of ZNT7 may be regulated by male sex hor-

mones in the prostate as during this time the plasma

testosterone level rises rapidly as a result of the puberty.

In conclusion, we observed overlapping expression of

ZNT2, 4, 5, 6, and 7 in the epithelium of developing and

sexually matured mouse prostates. In vivo, ZNT2 and

ZNT5 may locate in the ER-rich area of sexually matured

epithelial cells of the anterior prostate, indicating roles of

ZNT2 and ZNT5 in ER zinc homeostasis. The implication

of overlapping expression of ZNT proteins in the mouse

prostate is unclear. Perhaps it correlates to the physiolog-

ical function of the secretory epithelial cells of the prostate

in cellular zinc accumulation and secretion. Overlapping

expression of ZNT proteins along the ER-Golgi secretory

pathway may be an evolution of the prostate to keep

prostate functional in the event of a loss-function-mutation

in any of the Znt gene.
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