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A b s t r a c t

Introduction: It has been proved that expression of the NANOG gene is ob-
served not only in embryonic-derived malignancies, but also in breast can-
cer, ovarian cancer, cervix cancer and bladder cancer. NANOG overexpression 
is correlated with high activity of MMP-2 and MMP-9. The aim of the study 
was to evaluate the changes in the malignant phenotype of T24 bladder 
cancer cells with modulated expression of the NANOG gene. 
Material and methods: Human urinary bladder cancer cells T24 (HTB-4) were 
cultivated under standard conditions. Transfection of the cells with silencing 
constructions was performed with the application of Lipofectamine 2000 (In-
vitrogen) reagent. Evaluation of changes in the expression level of individual 
genes was performed using qRTPCR. Changes in the protein level were eval-
uated using the Human ELISA Kit (Abcam). The invasion capability of trans-
fected cells was tested using Matrigel Invasion Chambers (BD Biosciences). 
The changes in cell migration were assessed with a wound-healing assay.
Results: The qRTPCR evaluation showed that silencing the NANOG gene in 
T24 cells led to the decrease of mRNA for the MMP-2 gene to the level of 
62.4% and the MMP-9 gene to the level of 76%. The cells with modulated 
expression of the NANOG gene migrated slower in the Matrigel invasion 
assay and in the wound-healing assay. The immunoenzymatic test showed 
a decrease in the protein level of MMP-9. 
Conclusions: The transcriptional activity of the NANOG gene might be con-
nected with some aspects of bladder cancer cell metastasis in vitro and has 
an influence on MMP-2 and MMP-9 expression levels.

Key words: RNAi, MMP-2, MMP-9, TIMP-1, shRNA.

Introduction

Bladder cancer is one of the major cancers in Poland. The estimated 
incidence of urinary bladder cancer in men in Poland in 2011 and 2012 
is 4882, while the estimated number of deaths is 2593. In 2010, urinary 
bladder cancer was the fourth most frequently registered malignant can-
cer (7%) and held fifth place of cancer caused deaths (4.8%) within men 
[1]. What is more, an increase in the number of bladder cancer cases is 
predicted in the year 2019 in both sexes [2].

The characteristic properties which distinguish normal tissues from 
malignant ones are attributed to cancer stem cells (CSCs). These are 
cells within the tumor which have abilities to self-renew and to create 
the heterogeneous lineage of cells which constitute the tumor [3–5]. It 



Natalia Gawlik-Rzemieniewska, Anna Galilejczyk, Michał Krawczyk, Ilona Bednarek

890� Arch Med Sci 4, August / 2016

is thought that embryonic stem cells (ECs) and 
CSCs have some common phenotypic properties. 
Both types of cells are characterized by intensive 
growth and high expression of telomerase, which 
is responsible for cell immortality.

NANOG is a  transcription factor which is in-
volved in the self-renewal of ECs. NANOG was first 
described as an important transcription factor in 
ECs, which both activates the repressors and sup-
presses the activators of differentiation. Its name 
derives from Tìr nan Òg, the mythical Celtic land 
of the ever young [6, 7]. The NANOG gene is locat-
ed on chromosome 12 at position 12p13.31. On 
this chromosome, there is also located a NANOG 
pseudogene, NANOGP1, which is 97% identical 
with the paternal gene. However, they are spliced 
in a different way. There are also ten other NANOG 
pseudogenes, which are developed as a result of 
mRNA retrotransposition, and they are character-
ized by the absence of introns and the 5’ promoter 
sequences. NANOGP1, P2, P4, P7, P8, P9 and P10 
show 90% of homology to NANOG, and NANOGP5 
shows 85% homology to this parental gene [8, 9]. 
NANOG, together with octamer-binding transcrip-
tion factor 4 (OCT4) and sex-determining region Y 
HMG-box 2 (SOX2), is responsible for maintaining 
ECs in the undifferentiated state. mRNA for the 
NANOG gene is possible to detect only in the epi-
blast of the implanting blastocyst. A small amount 
of NANOG mRNA is also present in germ cells, but 
it is not observed in somatic cells of adult organ-
isms [8, 10, 11]. 

Although ECs and CSCs share common prop-
erties, there are also some differences between 
them. Both types of cells are able to self-renew, 
but ECs set off (are distinguished by) differentia-
tion, and CSCs set off proliferation [5, 12]. It has 
been found that the NANOG gene and some of its 
pseudogenes (NANOGP2, NANOGP7, NANOGP8) 
are expressed in several cancer cell lines, including 
urinary bladder cancers and carcinomas [13–17]. 

The most widely used treatment for malignan-
cies, including urinary bladder cancer, is chemo-
therapy. The efficiency of chemotherapy is, how-
ever, surprisingly low. The 5-year survival rate for 
patients with regional and distant metastases is 
below 50% and 10%, respectively [18]. It is known 
that the system of gene expression regulation is 
an essential element of correct operation between 
cells and the whole organism. Disturbances in the 
balance between the expression levels of individ-
ual genes can lead to the process of carcinogene-
sis. Inhibition of overexpressed genes responsible 
for this process could limit the development of 
a malignant phenotype. 

The advanced stages of malignancies are high-
ly resistant to conventional treatment. Therefore, 
there is a demand for developing alternative anti-

cancer therapies and better understanding of the 
mechanisms responsible for the malignant pheno-
types. A very effective method of gene expression 
regulation used worldwide is RNA interference 
(RNAi). For posttranscriptional gene silencing, the  
RNAi phenomenon uses double-stranded RNA mol-
ecules called short interfering RNA (siRNA). A very 
effective and beneficial technique is to express 
siRNA in the form of short hairpin RNA (shRNA) 
directly in the target cell. Using the RNAi method 
it was possible to discover the role of many genes 
arranged in the process of carcinogenesis. It has 
been proven that RNAi can be used for blocking 
the factors connected with angiogenesis (vascular 
endothelial growth factor [VEGF] or angiogenin) 
in prostate cancer [19], molecules connected with 
cell adhesion (epithelial cell adhesion molecule [Ep-
CAM]) in breast cancer [20] or factors connected 
with extracellular matrix degradation, i.e. matrix 
metalloproteinases (MMPs) [21]. MMPs are a large 
family of zinc-dependent endopeptidases involved 
in many physiological and pathological processes. 
They are responsible for the degradation of extra-
cellular matrix (ECM) components and tissue re-
modeling. Among the MMPs, we can distinguish 
a  group of gelatinases which include gelatinase 
A  (MMP-2) and gelatinase B (MMP-9). These en-
zymes have the ability to degrade, among other 
things, type IV collagen, which is a major structural 
component of basement membranes. It has been 
found that the metastatic potential of cancer cells is 
strongly correlated with gelatinase activity. Elevat-
ed expression of MMP-2 and MMP-9 is observed in 
several types of human cancers. As a consequence 
gelatinases are often considered as promising ther-
apeutic targets for cancer treatment [22–24].

In our experiment, we suppressed expression 
of the NANOG gene using the RNAi method and 
investigated how this process would influence the 
malignant phenotype of T24 human urinary blad-
der cells. In particular, we focused on cells’ chemo-
invasion and migration as aspects of metastasis in 
vitro, which is thought to be connected with high 
activity of MMP-2 and MMP-9. The connection be-
tween NANOG overexpression and high activity of 
MMP-2 and/or MMP-9 has been found in the cho-
riocarcinoma JEG-3 cell line [12] and in nasopha-
ryngeal carcinoma [25]. The further purpose of the 
present study was to investigate the connection 
between NANOG, MMPs and their tissue inhibitor 
TIMP-1 (tissue inhibitor of metalloproteinases 1) 
at both the RNA and protein level. 

Material and methods

Cell culture

The human urinary bladder cancer cell line T24 
(HTB-4) was purchased from ATCC. Cells were cul-
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tivated in RPMI 1640 medium (Life Technologies, 
Gibco) with 10% FBS (fetal bovine serum) (Life 
Technologies, Gibco) and gentamycin (Life Tech-
nologies, Gibco) in the concentration of 10 µg/ml, 
under standard conditions at 37ºC in a humidified 
atmosphere containing 5% CO2. Cells were further 
used for the individual studies. Three independent 
experiments for each scientific evaluation were 
run in triplicate for all analyzed samples.

shRNA design and transfection of cancer 
cells

The shRNA construction used to silence ex-
pression of the NANOG gene was designed using 
the SIRNA application of EMBOSS. Forward and 
reverse oligonucleotides of shRNA were annealed 
and cloned into the pSUPER.neo vector (Oligoen-
gine) according to the manufacturer’s procedure. 
Cells were plated at an initial density of 6 × 104 
cells per well in 1000  μl of culture medium on 
a 12-well plate and incubated overnight. Transfec-
tion with shRNA silencing the NANOG gene was 
performed using Lipofectamine 2000 (Invitrogen). 
1 µg of DNA and 2 µl of Lipofectamine were con-
ducted according to the manufacturer’s protocol. 
Transfected cells were incubated for 5 h in 500 μl 
of Opti-MEM medium (Sigma). After this time,  
Opti-MEM medium was replaced by standard 
culture medium. Control groups consisted of 
non-transfected cells and cells transfected with 
a  scrambled construction (SCR) with a nonsense 
sequence. In order to evaluate the efficiency of 
transfection, a construct expressing green fluores-
cent protein (GFP) was used. 

Quantitative reverse transcription 
polymerase chain reaction (qRTPCR)

Total RNA was isolated from cells using Gen-
eMATRIX Universal RNA Purification Kit (EURx). 

Isolated RNA was quantified using BioPhotometer 
(Eppendorf). qRTPCR was performed using Bril-
liant II SYBR Green QRT-PCR Master Mix Kit (Ag-
ilent Technologies). qRT PCR normalization was 
conducted using glyceraldehyde 3-phosphate de-
hydrogenase (GAPDH) as an endogenous control. 
qRTPCR reactions were performed on an Mx-300 
PCR cycler (Stratagene) for 40 cycles. The ther-
mal profile for the PCR reaction was as follows: 
50°C for 30 min (reverse transcription); 95°C for  
15 min (initial denaturation); 94°C for 15 s (dena-
turation), 60°C for 1 min (annealing), 72°C for 30 s  
(elongation); 72°C for 10 min (final elongation). 
The primer sequences used in the experiment are 
presented in Table I. The specificity of qRT PCR 
reaction was confirmed by melting curve analysis 
and by the use of electrophoresis on 1.2% agarose 
gels, stained with Gel Red fluorescent dye (Bio-
tium). The relative gene expression was calculated 
using comparative 2(–ΔΔCt) [26] and with Mx3000p 
software (version 2.0). 

Wound-healing assay

In order to observe the changes in the level 
of migration and invasion of transfected cancer 
cells, a  wound-healing assay experiment was 
conducted. Twenty-four hours after transfection, 
the confluent cell monolayer was wound along 
and across the plate well using a pipette tip. Dig-
ital documentation was collected using an OLYM-
PUS BX-60 fluorescent microscope with BX-FLA 
fluorescent accession and DP50 digital camera: 
directly (T0), 24 h (T24) and 48 h (T48) after making 
the wound. Data were analyzed using NIS-Ele-
ments AR software. 

Matrigel invasion assay

Cell invasion was performed using 12-well 
plates with 8 μm pore inserts. Twenty-four hours 

Table I. Characteristics of primers used for amplification of target mRNA 

Primer name Sequence (5’-3’) Length [bp] Product size [bp] Reference 

GAPDH F GAAGGTGAAGGTCGGAGTC 19 226 Commercially 
available kit 

GAPDH R GAAGATGGTGATGGGATTTC 20

NANOG F CCATCCTTGCAAATGTCTTCTG 22 115 [12]

NANOG R CTTTGGGACTGGTGGAAGAATC 22

TIMP-1 F CTTCCACAGGTCCCACAACC 20 304 [27]

TIMP-1 R CAGCCCTGGCTCCCGAGGC 19

MMP-2 F CAGGGAGCGCTACGATGGAG 20 202
[28]

MMP-2 R TCCTTGGGGCAGCCATAGAA 20

MMP-9 F GCTCACCTTCACTCGCGTG 19 60

MMP-9 R CGCGACACCAAACTGGATG 19
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after transfection, 25 × 103 of T24 cells were cul-
tured in a  serum-free RPMI-1640 medium in an 
insert including Matrigel (BD). Inserts were placed 
in the particular wells of the culture plate contain-
ing RPMI-1640 medium with 10% FBS as a che-
moattractant. After the next 24 h, cells were fixed 
with 4% paraformaldehyde (PFA) and stained with 
0.1% crystal violet. The number of cells which in-
vaded across the membrane and those which mi-
grated into the bottom of the plate were counted. 
The digital documentation was collected using 
a  Zeiss Axiovert 40 CFL fluorescent microscope. 
The images were analyzed using AxioVision Docu-
mentation software (version 4.7.1). 

Enzyme-linked immunosorbent assay

The changes in expression of the genes MMP-2,  
MMP-9 and TIMP-1 were evaluated using en-
zyme-linked immunosorbent assay (ELISA). Super-
natants from bladder cancer cells were collected 
24 and 48 h after the transfection. The exper-
iment was conducted using individual Human  
ELISA Kits (Abcam) according to the manufactur-
er’s protocols. The absorbance was read at 450 nm  
using a  TRIAD reader (Dynex Technologies) and 
data were analyzed with the application of com-
mercially available software on the elisaanalysis.
com website [29]. 

Statistical analysis

The obtained results were analyzed using 
a  one-way ANOVA: distribution of results was 
tested using the Shapiro-Wilk test and homogene-
ity of variance using the Brown-Forsyth test. If the 
analysis of variance showed a statistically signifi-
cant difference, it was followed by an LSD (Fisher’s 
least significant difference) for qRT PCR analysis 
and ELISA analysis or Tukey’s HSD (honest signifi-

cant difference) post hoc tests for wound-healing 
and Matrigel invasion assays. Every analysis with 
a p < 0.05 was considered as significant. Analyses 
were performed using Statistica 8 PL software for 
Windows (StatSoft, Poland). 

Results

shRNA targeting NANOG gene modulates 
the expression of genes connected with 
malignant phenotype of cancer cells

In order to evaluate the changes in the expres
sion of examined genes, qRTPCR was performed. 
Using RNA interference, we knocked down 
NANOG gene expression in the T24 cells. At 48 h 
after transfection, expression of the NANOG gene 
had decreased to the level of 58% according to 
the SCR control (p = 0.018). Down-regulation of 
NANOG was connected with a decrease in expres-
sion of the MMP-2 and MMP-9 genes. At 48 h  
after transfection, expression of the MMP-2 and 
MMP-9 genes was reduced to the level of respec-
tively 62.4% and 76% according to the SCR control 
(respectively p = 0.02 and p = 0.044). We did not 
observe any statistically significant differences in 
the expression level of the TIMP-1 gene in cells 
with modulated NANOG expression (p = 0.58). 
The relative expression of individual genes 48 h 
after transfection is presented in Figure 1. 

Down-regulation of NANOG gene results in 
a decrease of cell migration and invasion

In order to evaluate the changes in T24 cell in-
vasion after the down-regulation of NANOG, the 
Matrigel invasion assay was performed. Prelimi-
nary analysis of results showed the changes in the 
number of cells which invaded within the Matri-
gel membrane between the examined and control 
groups. Detailed data analysis showed statistically 
significant changes in the number of T24 cells with 
modulated NANOG expression which invaded the 
outer side of the insert’s membrane compared to 
control/SCR cells (p = 0.02). Also the smaller num-
ber of cells with modulated NANOG expression 
migrated to the particular well of the plate con-
taining medium with chemoattractant. However, 
no statistically significant changes were observed. 
There were no statistically significant differences 
between control groups (non-transfected and SCR 
transfected), either for cells that invaded the out-
er side of the insert’s membrane or to the bottom 
of a particular well (respectively p = 0.41 and p = 
0.33). Data analysis from the Matrigel invasion as-
say are shown in Figure 2. Photographic documen-
tation from the conducted experiment is shown 
in Figure 3.

The wound-healing assay experiment indicated 
NANOG gene involvement in the migration abilities 
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Figure 1. qRT PCR analysis of the relative expres-
sion [%] of NANOG and other genes connected with 
malignant phenotype in T24 cells transfected with 
NANOG-shRNA or SCR shRNA. Total RNA was collect-
ed 48 h after cell transfection. Data were obtained 
from the comparative 2(–ΔΔCt) method (*p < 0.05)
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of T24 cells. In the control culture (non-transfect-
ed cells), 24 h after making the wound, its width 
decreased to the level of 11% of the output value. 
At 48 h after making the wound, it was complete-
ly filled with migrated cells. In the second control 
culture (cells transfected with SCR sequence),  
24 h after making the wound, its width decreased 
to the level of 9% of the output value. At 48 h after 
making the wound, it was almost completely filled 
with migrated cells. In the experimental culture 
(cells with modulated NANOG gene expression), 
24 h after making the wound, its width decreased 
to the level of 27% of output width. At 48 h after 
making the wound, this value remained at a simi-

lar level. There were statistically significant differ-
ences between the average wound width in exper-
imental groups and between both control groups 
(both p < 0.05). Photographic documentation from 
the conducted experiment is shown in Figure 4.

Inhibition of NANOG gene decreases the 
protein level of MMP-9

Based on absorbance measurements of MMP-9  
protein standards and on the absorbance of con-
trol and examined samples, the protein level of 
MMP-9 was determined. In the samples collect-
ed 24 h after transfection, no statistically signif-

1A

1B 2B 3B

2A 3A

Figure 3. The T24 cells in the experiment using Matrigel invasion chambers. Arabic numbers correspond to the 
following control/experimental groups: 1 – control group: non-transfected cells; 2 – control group: cells transfected 
with SCR sequence; 3 – experimental group: cells with modulated expression of NANOG gene. The letters are as 
follows: A – cells which invaded the outer side of the insert’s membrane; B – cells which left the insert within the 
membrane and invaded the particular well of the plate containing medium with chemoattractant. Cells were solid-
ified and stained 48 h after transfection (magnification 100×)
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Figure 2. Matrigel Invasion Assay. Data are expressed as the total number of T24 cells transfected with SCR-shRNA 
or NANOG-shRNA, which invaded the outer side of the membrane (A) or to the bottom of the plate (B). Four fields 
were counted per well, n = 2 (*p < 0.05)
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icant differences were observed between the lev-
el of MMP-9 protein in the control/SCR samples 
and samples collected from cells with modulated 
NANOG expression (p = 0.49). In the samples col-
lected 48 h after transfection, a  statistically sig-
nificant decrease of MMP-9 protein level in the 
examined samples was observed (p = 0.045) com-
pared to the control samples. We did not observe 

any impact of NANOG inhibition on either MMP-2  
or TIMP-1 protein level, in samples collected at ei-
ther 24 or 48 h after transfection. Data analysis 
from the ELISA experiment is shown in Figure 5.

Discussion

The formation of metastasis is a process, which 
requires the reduction of cell-cell interaction. As 
a  result, it causes the migration of cells through 
the extracellular matrix. The process requires 
changes in cell phenotypes, including reorganiza-
tion of the cytoskeleton [30]. 

Cancer stem cells are self-renewing malignant 
progenitors which are responsible for cancer tu-
morigenicity, chemoresistance and metastasis. 
The ECs and CSCs have some common phenotypic 
properties. Both types of cells are characterized 
by intensive growth and high expression of telo-
merase, which is responsible for cell immortality. 
Trophoblastic cells and cancer cells are also able 
to infiltrate the local tissues. NANOG is a marker 
of stem cells that is highly expressed in embryonic 
stem cells and regulates differentiation, prolifer-
ation and division. Years of investigations show 
that the NANOG gene and its isoforms, together 
with OCT4 and SOX2, play an important role in 
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Figure 4. T24 cells in the wound-healing assay. Arabic numbers correspond to the following control/experimental 
groups: 1 – control group: non-transfected cells; 2 – control group: cells transfected with SCR sequence; 3 – ex-
perimental group: cells with modulated expression of NANOG gene. Letters correspond to the following periods of 
time: A – T24 cells directly after making the wound (T0); B – T24 cells 24 h after making the wound (T24); C – T24 
cells 48 h after making the wound (T48) (magnification 100×)
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Figure 5. Mean absorbance values for particular 
protein (MMP-2, MMP-9, TIMP-1) in samples col-
lected from T24 cells transfected with SCR-shRNA 
and NANOG-shRNA. Samples were collected 48 h 
after transfection (*p < 0.05)
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the development of malignant phenotype of cells. 
However, abnormal expression of NANOG is found 
not only in malignant germ cell tumors such as 
embryonic carcinomas, but also in solid tumors, 
such as breast cancer, cervical cancer or bladder 
cancer, including the T24 bladder cancer cell line 
[13, 17, 31–33]. Cancer stem cells with high meta-
static potential usually show epithelial-mesenchy-
mal transition (EMT) markers. This phenomenon 
is defined by the loss of epithelial morphology 
and attainment of mesenchymal phenotype. As 
a result, epithelial cells are transformed into cells 
which are characterized by high migration and 
invasiveness potential. Loss of E-cadherin (most-
ly expressed by epithelial cells) and increasing 
expression of N-cadherin (mostly expressed by 
mesenchymal cells) are a  major mark of EMT. It 
has been shown that NANOG can enhance cell in-
vasion by inducing the EMT phenomenon. NANOG 
is able to decrease the E-cadherin level through 
SNAIL1 [34] and SNAIL2 transcriptional factors 
[35–37], which are also connected with an in-
crease of MMP-2 level [36]. 

In our experiment we found that silencing the 
NANOG gene in T24 cells, using RNAi, leads to 
the inhibition of MMP-2 and MMP-9 expression 
at the transcriptional level, which in the case of 
MMP-9 is also visible at the protein level. Siu et 
al. performed a  wound-healing assay examina-
tion which showed that knocking down NANOG 
in a  choriocarcinoma cell line (JEG-3) leads to 
slower migration and invasion of cancer cells. 
Furthermore, the qRTPCR examination showed 
significant inhibition of MMP-2 and MMP-9 gene 
expression in JEG-3 cells with silenced expression 
of the NANOG gene. It has been found that pro-
moters for MMP-2 and MMP-9 genes had been 
occupied by NANOG in embryonic stem cells. 
These data suggest that NANOG might affect both 
MMPs directly [12]. Zhan et al. examined the role 
of orphan nuclear receptor TR3 in metastasis and 
proliferation of gastric cancer stem cells (GCSCs). 
They observed a  decrease in the expression of 
both NANOG and MMP-9 genes after knocking 
down the TR3 gene in GCSCs [38]. The connection 
between NANOG and MMP-9 was also observed 
by Lee et al., who examined the role of CXCL12/
CXCR4 in the tumorigenicity potential of glioblas-
toma stem-like cells (GSC). Silencing CXCR4 in the 
glioblastoma RG2 cell line using shrCXCR4 reduced 
the expression of NANOG, MMP-2 and MMP-9 
genes [39]. Also Kim et al. reported that silencing 
of the zinc finger protein 756 (ZNF756) gene in 
H460 non-small-cell lung carcinoma (NSCLC) led 
to suppression of NANOG and three MMP genes 
(MMP-1, MMP-2 and MMP-9) [40]. Imai et al. 
found a  correlation between NANOG expression 
and malignant phenotype of hypopharyngeal  

cancer cells (HPC). These cells, which express the 
transmembrane protein CD271 (CD271+), are also 
high NANOG expressers. They were characterized 
by self-renewal, tumor initiating potential and 
metastatic potential, as they expressed high levels 
of MMP-1, MMP-2 and MMP-10 [41]. Although rel-
atively little information is available, all these data 
show that NANOG, MMP‑2 and MMP-9 pathways 
are connected with the development of malignant 
phenotype of cancer cells. In our work, no such con-
nection was found between NANOG and TIMP-1  
expression.

In our experiment, silencing the NANOG gene 
led to inhibition of T24 cell migration in the 
wound-healing assay and decreased the inva-
sion level in the Matrigel invasion assay. In the 
wound-healing examination performed by Borrull 
et al., A375 cells transfected with a vector encod-
ing the NANOG gene (A375 NANOG) completely 
filled the wound within 30 h, in contrast to A375 
cells containing an empty vector (A375 EV). In the 
Transwell migration assay, a  3.2-fold increase of 
A375 NANOG cell transmigration was observed 
compared to A375 EV control cells [42]. Dang et al. 
reported that down-regulation of the SNAIL1 gene 
decreases the expression of NANOG in the hepa-
tocellular carcinoma (HCC) cell line MHCC97-L. Af-
ter silencing the SNAIL1 gene using Snail1-siRNA, 
MHCC97-L cells migrated more slowly according 
to control cells transfected with scrambled-siRNA 
in the wound-healing assay [34]. Niu et al. found 
the connection between overexpression of miR-
134 and down-regulation of NANOG mRNA and 
protein in glioblastoma cell line U87. The results 
of the Matrigel transwell assay showed that U87 
cells with up-regulated miR-134 (and therefore 
down-regulated NANOG gene) migrated more 
slowly compared to control cells. High expression 
of miR-134 in U87 cells also inhibited the speed 
of wound closure compared to control cells in the 
wound-healing/scraping assay [43]. Latifi et al. 
examined the EMT and CSCs phenotype of the 
ovarian cancer cell line OVCA 433 in response to 
cisplatin in vitro. In the qRT-PCR experiment, en-
hanced expression of the NANOG gene was ob-
served in response to cisplatin in OVCA 433 cells. 
Cisplatin also enhanced MMP-2 and MMP-9 ex-
pression at both the mRNA and protein level. En-
hanced expression of two MMPs was connected 
with enhanced migratory abilities shown in the 
wound-healing assay [44]. 

In conclusion, the results of this study indicate 
that down-regulation of the NANOG gene is con-
nected with a decrease of T24 cell migration and 
invasion in vitro. The changes of the malignant 
phenotype of bladder cancer cells, including the 
decrease of cell migration and invasion, might be 
connected with down-regulation of MMP-2 and 
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MMP-9 genes. This connection was not observed 
in the case of the TIMP-1 gene. The lack of chang-
es in the protein level of MMP-2 in the ELISA ex-
periment is striking. This phenomenon needs fur-
ther examination. 
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