
INTERNATIONAL JOURNAL OF ONCOLOGY  41:  2237-2244,  2012

Abstract. MicroRNAs (miRNAs) are a large class of single-
stranded RNA molecules involved in post-transcriptional gene 
silencing. miRNAs not only regulate various developmental 
and physiological processes but also are involved in cancer 
development. Additionally, they can be considered as biomarkers 
of some pathological processes. The aim of this study was to 
determine the expression levels of selected miRNA and zinc(II)-
related genes (ZIP-1, BAX, MT2A and MT1A) in the non-tumor 
PNT1A prostate cell line in comparison with the prostate cancer 
cell lines 22Rv1, PC-3 and LNCaP after zinc(II) treatment. 
Using bioinformatic approaches we selected miRNAs with 
putative binding sites in the 3'UTR regions in Metallothionein 
1A and 2A as miRNA 23a, 141, 224, 296-3p, 320, 375 and 376. 
We observed significantly higher expression of miRNA 23a 
in all tumor lines compared to non-tumor PNT1A (13.6-fold 
in 22Rv1, 7.3-fold in PC-3, 8.3-fold in LNCaP, p<0.01). We 
also observed that the 22Rv1 cell line has significantly higher 
expression of miRNA 224 in comparison to other cell lines. In 
addition, all tumor cell lines expressed significantly higher levels 
of miRNA 375 in comparison to non-tumor PNT1A (87.1‑fold in 
22Rv1, nearly 2,000-fold in PC-3, 56.3‑fold in LNCaP, p<0.01). 
Nevertheless, miRNA 375 and 23a expression levels strongly 
suggest their potential to contribute to the diagnosis of prostate 
cancer and miRNA 224 eventually may be suitable for clas-
sification of primary tumors. The expression of miRNA 224 
in 22Rv1 cell line was negatively correlated with increasing 

zinc(II) concentration only. Our experiments revealed significant 
negative correlation of miRNA 376 and MT2A in 22Rv1 and a 
negative correlation between miRNA 224 and MT1A in PC-3 
cells which may denote possible direct regulation of MT genes 
by specific miRNAs in prostate cancer.

Introduction

Prostate cancer is the most frequently diagnosed cancer in men 
in Western countries (1). The therapeutic success of prostate 
cancer treatment can be enormously improved if the disease 
is diagnosed soon. Thus, the search for suitable biomarkers 
used for early detection of the presence and progression of the 
disease, as well as the prediction after the clinical interventions 
is ongoing. The current prostate cancer biomarkers do not fulfill 
all a forementioned requirement as there remains a lack of reli-
able biomarkers that can specifically distinguish between those 
patients who should be treated adequately to stop the aggressive 
form of the disease and those who should avoid overtreatment 
of the indolent form (2). Specific microRNAs (miRNAs) have 
been shown to serve key functional roles in prostate cancer (PC) 
cells, as discovered mainly by overexpression and knockdown 
experiments in cell cultures (3-5). Key cellular processes such as 
proliferation, apoptosis, survival, invasion, migration, cell cycle 
progression and androgen signaling, are regulated by miRNAs 
in PC cells (6-8). From biochemical point of view, miRNAs are 
small, phylogenetically conserved, noncoding RNAs that are 
able to regulate expression of at least 30% of all protein encoding 
genes (9). Mature miRNAs are involved in post-transcriptional 
gene silencing. They arise from intergenic or intragenic (both 
exonic and intronic) genomic regions that are transcribed as 
long primary transcripts. Recently, miRNAs have received 
attention as potential cancer diagnostic markers and therapeutic 
targets (10). miRNA expression profiles have been shown to 
classify different cancers and identify cancer tissue origins (11). 
Deregulated miRNA expression was reported in various human 
cancers including prostate cancer (12). Of particular note is 
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the polycistronic set of microRNAs consisting of miRNA 17, 
miRNA 18, miRNA 19a, miRNA 19b and miRNA 92, which 
are overexpressed in leukemic lines compared with the other cell 
lines (11). miRNAs expressions can also predict prostate cancer 
biochemical relapse and are involved in tumor progression (10). 
miRNA 375 was considered as useful to identify patients with 
metastatic disease as well as for a positive lymph node status. 
miRNA  141 was identified as upregulated in the serum of 
patients with higher grade prostate tumors (13).

The changes of miRNA synthesis profile can be related 
to changes in prostate cell metabolism. Among metabolic 
changes, prostate cancer cells have altered ability to uptake 
and to accumulate zinc(II) ions compared to healthy prostate 
tissue (14) and one can suggest that miRNAs could be somewhat 
connected with this phenomenon. Zinc(II) ions themselves play 
a role in proliferation, differentiation regulation and apoptosis 
in prostate (15,16). Extracellular zinc(II) ions can increase the 
formation of insulin‑like growth factor (IGF) (17) and stimulate 
the epidermal growth factor-receptor (EGF-R) (18). At the level of 
protein phosphorylation uptake of zinc(II) and/or their releasing 
from zincosomes can modulate the activity of cyclic nucleotide 
phosphodiesterase (PDE) (19), mitogen-activated protein kinase 
(MAPK) (20), protein kinase C (PKC), protein tyrosine phos-
phatases (PTP), Ca(II)‑calmodulin activated protein kinase-2 
(CaMPK-2) and P70S6 kinase (P70S6K) (21). Altogether with 
the fact that zinc(II) is involved in apoptosis via translocation of 
existing resident cytosolic Bax to mitochondria and its increasing 
total cellular Bax level (22), it is highly likely that zinc(II) plays 
an important role in prostate cancer pathogenesis (23).

In light of above mentioned facts, it can be assumed that 
altered zinc(II) metabolism will have a great impact on prostate 
cancer tumorigenesis. Zinc(II) homeostasis and metabolism in 
healthy and tumor tissues are maintained mainly by two types 
of proteins: i) zinc-binding proteins [mostly by metallothioneins, 
a family of low-molecular-mass (6‑10 kDa) proteins characte-
rized by a high cysteine content and a high binding capacity for 
post-transition metal ions (24)], which act as buffer and donor of 
zinc(II) for intracellular processes and ii) zinc transporters (ZIP 
and ZnT protein families), which are responsible for zinc(II) 
fluxes into/from cells and organelles, because zinc(II) can not 
freely pass though membranes (25).

In this study we focused on synthesis of miRNAs as 
miRNA 23a, 141, 224, 296-3p, 320, 375 and 376, which have 
putative binding sites within 3'UTR of metallothionein genes 
(MT2A, MT1A) in the non-tumor PNT1A prostate cell line and 
prostate cancer cell lines 22Rv1, PC-3, and LNCaP treated with 
zinc(II) ions. Our previous studies have provided the evidence 
of the association between metallothionein (MT) expression 
and prostate tumor progression (26). Post-transcriptional gene 
silencing can be involved in metallothionein regulation and 
different levels of miRNAs in tumor and non-tumor lines 
can be expected. Therefore, we also determined expression 
levels of ZIP-1, BAX, MT2A and MT1A genes in the treated 
cell lines.

Materials and methods

Chemical and biochemical reagents. RPMI-1640 medium, 
Ham's F12 medium, fetal bovine serum (FBS) - mycoplasma 
free, penicillin/streptomycin and trypsin EDTA were purchased 

from PAA Laboratories GmbH (Pasching, Austria). PBS was 
purchased from Invitrogen Corp. (Carlsbad, CA, USA). EDTA, 
zinc(II) sulfate, RIPA buffer and all other chemicals of ACS 
purity were purchased from Sigma Aldrich Co. (St. Louis, MO, 
USA), unless noted otherwise.

miRNA selection. Software Targetscan (http://www.targetscan.
org) was used for the selection of suitable miRNAs. miRNAs 
were selected according to the putative binding sites within 
3'UTR of metallothionein genes (MT2A, MT1A).

Cell cultures. Four human prostatic cell lines were used in this 
study: i) PNT1A human cell line established by immortalisation 
of normal adult prostatic epithelial cells by transfection with a 
plasmid containing SV40 genome with a defective replication 
origin. The primary culture was obtained from the prostate of 
a 35‑year‑old male at post mortem; ii) cell line 22Rv1 has been 
derived from a primary human prostatic carcinoma xenograft, 
CWR22R. iii) LNCaP cells are androgen-sensitive human 
prostate adenocarcinoma cells derived from the left supracla-
vicular lymph node metastasis from a 50‑year-old Caucasian 
male; iv) PC-3 human cell line established from a grade 4 
androgen independent and unresponsive prostatic adenocar-
cinoma from 62‑year‑old Caucasian male and derived from 
metastatic site in bone. All cell lines used in this study were 
purchased from Health Protection Agency Culture Collections 
(Salisbury, UK).

Culture conditions. PNT1A, LNCaP and 22Rv1 cells were 
cultured in RPMI-1640 medium with 10% FBS. PC-3 cells 
were cultured in Ham's F12 medium with 7% FBS. All media 
were supplemented with penicillin (100 U/ml) and streptomycin 
(0.1 mg/ml), and the cells were maintained at 37˚C in a humidi-
fied incubator (Sanyo, Japan) with 5% CO2. The sub-cultivations 
of all cell lines were carried out within the range from 10 to 35 h.

Zinc(II) treatment. Cells were treated with five concentrations 
of ZnSO4 (0-90 µmol/l) at 37˚C for 48 h after cells reached 
~50% confluence. Cells were then harvested and washed four 
times with 1X PBS, pH 7.4.

RNA and miRNA isolation and reverse transcription. High 
pure total‑RNA isolation kit (Roche, Basel, Switzerland) was 
used for RNA isolation and high pure miRNA isolation kit for 
miRNA isolation. For both isolations the medium was removed 
and samples were twice washed with 5 ml of ice-cold PBS. Cells 
were scraped off, transferred to clean tubes and centrifuged at 
20,800 x g for 5 min at 4˚C. After this step, lysis buffer was added 
and RNA isolation was carried out according to manufacturer's 
instructions. Isolated RNA and miRNA was used for cDNA 
synthesis. RNA (600 ng) was transcribed using Transcriptor 
first strand cDNA synthesis kit (Roche, Switzerland) and 10 ng 
of miRNA was transcribed using TaqMan® microRNA reverse 
transcription kit (Applied Biosystems, Carlsbad, CA, USA) 
according to manufacturer's instructions. Prepared cDNA (20 µl) 
from total‑RNA was diluted with RNase‑free water to 100 µl 
and 5 µl was directly analyzed by 7500 real-time PCR system 
(Applied Biosystems). In case of miRNA analysis 1.33 µl of 
transcribed miRNA was used directly in real-time PCR reaction 
according to manufacturer's instruction.
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Quantitative polymerase chain reaction (q-PCR). Q-PCR 
was performed in triplicate using the TaqMan gene expression 
assay system with the 7500 real-time PCR system (Applied 
Biosystems) and the amplified DNA was analyzed by the 
comparative Ct method using β-actin as an endogenous control 
for metallothionein MT1A and MT2A, Bax and ZIP-1 gene 
expression quantification. The primer and probe sets for β-actin 
(assay ID: Hs99999903_m1), MT1A (assay ID: Hs00831826_
s1), MT2A (Hs02379661_g1) ZIP-1 (Hs00205358_m1) and Bax 
(Hs00180269_m1) were selected from TaqMan gene expression 
assays. Primer probe sets for quantification hsa-miRNA-23a 
(assay ID: 000399), hsa-miR-141 (assay ID: 000463), 
hsa-miR‑224 (assay ID: 002099), hsa-miR-296 (assay ID: 
000527), hsa-miR‑320 (assay ID: 002277), hsa-miR-375 (assay 
ID: 000564), hsa-miR-376 (assay ID: 000565) were selected 
from TaqMan miRNA expression assays. Q-PCR was performed 
under the following amplification conditions: total volume of 
20 µl, initial incubation 50˚C/2 min followed by denaturation 
95˚C/10 min, then 45 cycles 95˚C/15 sec, 60˚C/1 min.

Statistics. The data were analyzed using StatSoft Statistica 
version 10 (www.statsoft.com). Mann-Whitney U test was used 
to reveal differences in the gene expression. Associations within 
variables were determined using the Pearson correlation. p<0.05 
was considered significant.

Results

miRNA and mRNA baseline expression without zinc(II) treat-
ment. Primarily, we aimed at determination of baseline level 
of six miRNAs (23a, 296-3p, 224, 320, 375 and 376) selected 
according to the putative binding sites within 3'UTR of metallo-

thionein genes (MT2A, MT1A) and genes MT1A, MT2A, ZIP-1 
and BAX in cell lines used in this study as PNT1A (control) and 
22Rv1, LNCaP and PC-3 (cancer cell lines). The relative expres-
sion of miRNAs and mRNAs in tumor cell lines was expressed 
as a relative expression fold change compared to the baseline 
expression of non-tumor PNT1A cell line.

The differences in expression of particular miRNAs are 
shown in Fig. 1. We observed significantly higher relative expres-
sion of miRNA 23a in all tumor lines compared to non‑tumor 
PNT1A (13.6-fold in 22Rv1, 7.3-fold in PC-3, 8.3-fold in LNCaP, 
p<0.01). Similarly, all tumor lines expressed miRNA  375 
in significantly higher levels in comparison with non‑tumor 
PNT1A (87.1‑fold in 22Rv1, 1776.7‑fold in PC‑3, 56.3-fold in 
LNCaP, p<0.01). On the contrary, lower relative expression of 
miRNA 376 in all tumor lines in comparison with non-tumor 
PNT1A was observed (3-fold in 22Rv1, 5-fold in PC-3, 10-fold 
in LNCaP, p<0.05). We also found significantly higher (p<0.05) 
relative expression of miRNA 320 in PC-3 line compared to 
other tumor and non‑tumor lines. Significantly higher (p<0.01) 
expression of miRNA 224 in 22Rv1 line compared to other lines 
has been observed and no differences between cell lines were 
observed in expression of miRNA 296-3p.

The differences in expression of the selected mRNAs among 
cell lines are shown in Fig. 2. The expression of Bax mRNA 
is significantly higher in LNCaP cell line (10.5-fold, p=0.03) in 
comparison with non-tumor PNT1A. Level of MT1A expres-
sion in 22Rv1 cell line is higher with marginal significance 
(1.8‑fold, p=0.055) in comparison with PNT1A. On the other 
hand significantly higher MT1A expression is found in LNCaP 
and PC-3 cell lines (10-fold, p=0.03) with comparison to relative 
expression in PNT1A. The expression of MT2A was higher in 
all tumor lines in comparison with PNT1A (2.0-fold, p=0.05 in 

Figure 1. miRNA expression levels without zinc(II) treatment in 22Rv1, PC-3 and LNCaP cell lines relative to non-tumor PNT1A cell line. Base line transcription 
level of selected miRNAs was conducted by RT-PCR. For other experimental parameters see Materials and methods. *p<0.05; **p<0.01.
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22Rv1, 261.4-fold, p=0.002 in LNCaP, and 2.9-fold, p=0.05 in 
PC-3 cell line). Moreover, we observed higher relative expression 
of ZIP-1 in 22Rv1 (2.3-fold, p=0.05) and lower relative expres-
sion of ZIP-1 in PC-3 cell line compared to non-tumor PNT1A 
(5-fold, p=0.05).

miRNA and mRNA expression after zinc(II) treatment. In addi-
tion, we determined expression levels of selected miRNA after 
zinc(II) treatment. Trends in miRNA expressions under zinc(II) 

treatment are shown in Fig. 3. MiRNA 23a shows significant 
elevating trend after zinc(II) treatment in all cell lines (11-, 9-, 
16- and 128-fold in 22Rv1, LNCaP, PC-3 and PNT1A in the 
highest zinc(II) concentrations). Other miRNAs demonstrate 
cell line-specific trends. Expressions of, miRNA 320 in PC3 (up 
to 2.2-fold, r=0.96 at p=0.038) and miRNA 375 in PNT1A cell 
line (up to 38-fold, r=0.98 at p=0.014) were significantly elevated 
after zinc(II) addition. In addition, miRNA 296-3p showed subtle 
(1.4-fold), but highly significant increase (r=0.98 at p=0.005) in 

Figure 2. mRNA baseline expression levels of selected genes without zinc(II) treatment in 22Rv1, PC-3 and LNCaP cell lines relative to non-tumor PNT1A 
cell line. Base line transcription level of selected genes (BAX, MT1A, MT2A and ZIP-1) was conducted by RT-PCR. For other experimental parameters see 
Materials and methods. *p<0.05; **p<0.002.

Figure 3. Gene expression fold change of selected miRNAs after zinc(II) treatment. MiRNA 23a shows significant elevating trend after zinc(II) treatment in all 
cell lines. Other miRNAs demonstrate cell line-specific trends. For other experimental parameters see Materials and methods.

Figure 4. Dependence between mRNA expression levels and zinc(II) concentration in medium. Level of MT2A expression in PC3 and 22Rv1 cell lines and ZIP-1 
in PNT1A cell line were significantly increased by the zinc(II) treatment. Expression of ZIP-1 in LNCaP cell line was significantly decreased by increasing 
zinc(II) concentration. For other experimental parameters see Materials and methods.
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Figure 5. Correlation between miRNA and mRNA expression levels. The shade of the boxes shows the significance of the correlation. The darker the bracket is, 
the more significant is the correlation. Ø, undetectable.
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LNCaP. Expression of miRNA 224 in 22Rv1 cell line was nega-
tively correlated with zinc(II) concentration (7-fold decrease, 
r=-0.98 at p=0.015). Change in other miRNAs' levels was also 
observed, however, below the level of statistical significance. 

Results of ZIP-1, BAX, MT2A and MT1A gene expressions 
after zinc(II) treatment are shown in Fig. 4. Level of MT2A 
expression in PC3 and 22Rv1 cell lines (r=0.86 at p=0.05 and 
r=0.93 at p=0.021) and ZIP-1 in PNT1A (r=0.89 at p=0.04) 
cell line were significantly increased by the zinc(II) treatment. 
Expression of ZIP-1 in LNCaP cell line was significantly 
decreased by the increasing zinc(II) concentration (r=-0.96 at 
p=0.01).

To determine the relationship between miRNA 23a, 141, 
224, 296-3p, 320, 375 and 376 expression profiles of our cell 
lines and selected mRNA expressions, correlation analysis was 
performed (Fig. 5). In general, we expected negative correla-
tions between miRNA and their potential mRNA targets as the 
miRNAs downregulate post-transcription processes of mRNAs. 
In the 22Rv1 line a negative correlation between miRNA 376 
and MT2A was found (r=-1.0, p=0.0001). In the PC-3 line a 
negative correlation between miRNA  224 and MT1A was 
observed (r=-0.99, p=0.07). In LNCaP cell line, we found nega-
tive correlation between miRNA 296-3p and ZIP-1 (r=-0.99, 
p=0.01). No significant correlation in the PNT1A line was found. 
Moreover, significant positive correlation was observed between 
miRNA 224 and ZIP-1 in the 22Rv1 cell line (r=0.96, p=0.04).

Discussion

Cancer is characterized by abnormal and uncontrolled cell divi-
sion, a phenotype that arises from the misregulation of several 
genes. miRNAs are major regulators of gene expression, with 
roles in nearly every area of cell biological functions, develop-
ment and survival. Therefore, it is not surprising that miRNAs 
are actively altered in all types of cancers (27), acting as onco-
genes or tumor suppressor genes. Main criteria for the selection 
of all miRNAs in our study was putative binding sites in 3'UTR 
regions in metallothionein 1A and 2A and thus their possible 
role in the metallothionein regulation.

Porkka et al found that miRNA 23a and miRNA 23b are 
significantly decreased in human prostate cancer in comparison 
with BPH (benign prostatic hyperplasia) tissue (12). Conversely, 
our experiments show that level of miRNA 23a in prostate 
cancer cell lines is increased compared with non-tumor PNT1A 
cell line. We assume an association between zinc(II) metabolism 
and miRNAs because BPH is known for its opposite zinc(II) 
metabolism compared to healthy tissue and prostate cancer cells. 
While prostate cancer cells have decreased ability to uptake 
zinc(II)  ions, BPH accumulates zinc(II) in higher amounts 
compared to ‘healthy’ prostate cells (14,28-30). Besides the 
miRNA 23a, no other miRNA studied here showed similar trend 
in the cell lines. On the other hand Gao et al reported that the 
c-Myc oncogenic transcription factor transcriptionally represses 
miR-23a and miR-23b (31). Nevertheless, the role and function 
of altered miRNA 23a in prostate cancer cells and BPH remain 
still unknown.

The miRNA  224 is located in malignancy-associated 
chromosomal region. It was published that this region shows 
increased gene expression in some human prostate cancer 
cells  (32). Consistent with this study we observed specific 

upregulation of miRNA  224 in 22Rv1 line compared to 
others. The 22Rv1 line was derived from a human prostatic 
carcinoma xenograft, CWR22R, a primary tumor of prostate 
cancer. Apart from prostate tumors, elevation of miRNA 224 
was described in other tumors. Profiling miRNA expression in 
hepatocellular carcinoma by Wang et al revealed miRNA 224 
upregulation (33). Furthermore, consistent with the microarray 
data, Prueitt et al found a significantly higher expression of 
mature miRNA 224 in PNI (perineural invasion) tumors when 
compared with non-PNI tumors (34). Collectively, our results 
suggest that miRNA 224 is a promising biological marker of 
aggressive metastatic forms of prostate cancer and this miRNA 
should undergo further investigation also on primary tumors.

All prostate tumor cell lines overexpressed miRNA 375 in our 
experiments. Szczyrba et al previously found that miRNA 375 
was upregulated in primary prostate cancer tissue (35), while 
this miRNA was downregulated in head and neck squamous 
cell carcinoma (36), esophagus (37), as well as in hepatocellular 
carcinoma (38). Poor outcome and relapse were associated with 
elevated levels of miR 375 in gastric carcinoma (39). Likewise, 
miRNA 375 is overexpressed in breast carcinoma, where it 
induces cell proliferation via a positive feed-back-loop with 
the estrogen receptor-α (40). As the expression of the estrogen 
receptor-α and receptor-β are increased during CaP develop-
ment  (41), it is possible that overexpression of miRNA 375 
enhances the progression of this tumor. Moreover, Ladeiro 
et al (38) reported that the reduction of miRNA 375 expression 
was correlated to the expression of β-catenin. Based on their 
results, Ladeiro et al suggest β-catenin as a positive regulator of 
miRNA 375 expression. Moreover, β-catenin levels have been 
found to be increased in prostate cancer. Thus, our results are 
in concondance with the previously described data as we found 
increased levels of miRNA 375 in all tumor cell lines.

Key objective of this study was to describe the association 
of miRNAs and zinc(II)-associated genes. Metallothionein 
expression was shown to correlate strongly with Gleason score 
(p<0.001) and significantly with pathological staging and 
Ki-67 immunostaining (p<0.001, p<0.05, respectively) (42). 
Our previous study also provided evidence of the association 
between metallothionein (MT) expression and prostate tumor 
progression (43). In this study we found significantly increased 
mRNA levels of MT2A isoform in tumor cell lines. Our previous 
work also suggests MT2A is a major isoform of MT in prostate 
(43,44). Contrary to mRNA, significantly reduced level of MT 
protein in tumor lines was observed. Due to these facts, post-
transcriptional gene silencing can be involved and different 
levels of miRNAs in tumor and non-tumor lines can be 
expected. None of the miRNA analyzed here correlated with 
MT mRNA level after zinc(II) treatment in the prostate cell 
lines. It can be assumed according to our results that miRNAs 
act differently in each cell line. In the 22Rv1 tumor line a 
negative correlation between miRNA 376 and MT2A isoform 
was found. In the PC-3 line a negative correlation between 
miRNA 224 and MT1A was seen. Despite the observed nega-
tive correlations between miRNAs and MT after zinc(II) 
treatment, further exeriments to prove these findings in tissues 
and patient samples are required.

In terms of other genes involved in zinc(II) metabolism, the 
baseline expression of Bax mRNA was significantly higher in 
LNCaP cell line in comparison with non-tumor PNT1A. High 
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Bax protein expression was shown by Amirghofran et al in 
prostate cancer tissue samples (45). They found a significant 
correlation between Bax expression and stage of carcinoma, 
but not with the apoptosis index, suggesting the presence of a 
non-functional Bax protein or the role of other proapoptotic 
molecules. Despite of increased level of Bax, we did not observe 
the enhanced apoptosis in LNCaP cell line compared to other 
cell lines, which supports the results of Amirghofran et al (45).

We observed higher relative expression of ZIP-1 mRNA 
in 22Rv1 and lower relative expression of ZIP-1 in PC-3 cell 
line compared to non-tumor PNT1A. These findings are not in 
conflict with the published data. Franklin et al (46) and others 
showed that ZIP-1 gene expression is downregulated and zinc(II) 
is depleted in adenocarcinomatous glands since early stages of 
cancer. Nevertheless, prostate cancer cell lines still retain the 
ability to express ZIP-1 gene due to its downregulation by RREB 
zinc finger and not fatal mutations (47,48). These authors did not 
preclude other regulatory pathways affecting ZIP-1 expression. 
However, we discovered strong positive correlation between 
miRNA  224 and ZIP-1 expression in 22Rv1. miRNA  224 
expression was significantly elevated in 22Rv1. In light of 
these findings, we speculate that miRNA 224 serves as another 
potential regulator of ZIP-1 expression. Nevertheless, no 3'UTR 
putative binding site of ZIP-1 mRNA for any of miRNAs studied 
was identified using Targetscan software (http://www.targetscan.
org). Thus, this correlation can either be considered as a coinci-
dence or miRNA 224 can affect ZIP-1 expression through other, 
yet unidentified mediators. These fragmentary results suggest 
that the area deserves further research.

Nevertheless, miRNA  375 and 23a expression levels 
strongly suggest their potential to contribute to the diagnosis 
of prostate cancer and miRNA 224 might be suitable for 
classification of primary tumors. Since it is also possible to 
assess miRNA expression patterns in urine  (49) or blood 
serum (50), these miRNAs have the potential of being valu-
able biomarkers for the diagnosis and prognosis of prostate 
cancer. An advantage of miRNA analysis is that their 
molecular features reduce  their susceptibility to degradate in 
archived tissue and samples and allows application of miRNA 
profiling both on diagnosis and prognosis. Although computer 
analysis provides data regarding miRNA to metallothionein 
3'UTR, the experiment results are ambiguous, pointing to cell 
line-specific associations between MT and selected miRNAs. 
Despite the huge progress in miRNA research, we are still far 
away from a clear genetic demonstration of the involvement 
of a specific miRNA in the occurrence or progression of a 
specific tumor.
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