
94 Experimental Oncology 42, 94–100, 2020 (June)

NANOG AS PROGNOSTIC FACTOR OF PROSTATE CANCER 
COURSE
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The variability of the clinical course of prostate cancer (PC) indicates the need to find factors that could predict the aggressive 
potential of neoplasms accounting the biological characteristics of tumor cells. In this context, the role of NANOG, a transcrip-
tion factor involved in maintaining pluripotency and one of the markers of cancer stem cells (CSCs), is being actively studied 
today. Aim: To investigate the level of NANOG mRNA in tumor tissue of patients with PC and to analyze the possibility of its use 
as a marker of the disease course. Materials and Methods: The study involved 85 patients with PC of stages II–IV. Morphological 
and immunohistochemical studies were performed on serial paraffin sections of resected PC using monoclonal antibodies to Ki-
67 and androgen receptor. NANOG and miR-214 mRNA expression in tumor cells was analyzed by real-time reverse transcrip-
tion polymerase chain reaction. The identification of CSCs was performed by double-labeled immunohistochemical  method using 
primary antibodies to CD24 and CD44. Results: We have revealed notable variability of NANOG mRNA levels in tumor tissue 
of patients with PC (mean 4.18 ± 0.65 a.u. with individual deviations from 0.11 ± 0.03 a.u. to 15.24 ± 0.36 a.u.). According 
to NANOG mRNA levels, two groups of the PC patients were delineated: group 1 and group 2, with the average NANOG mRNA 
levels of 2.12 ± 0.16 a.u., and 8.68 ± 1.24 a.u., respectively. The NANOG mRNA levels in tumor tissue of PC patients of groups 
1 and 2 correlated with preoperative serum prostate-specific antigen level(r = 0.58; p < 0.05 and r = 0.64; p < 0.05, respectively), 
tumor volume (r = 0.42; p < 0.05 and r = 0.72; p < 0.05, respectively), regional lymph node metastases (r = 0.70; p < 0.05 and 
r = 0.75; p < 0.05, respectively). High NANOG mRNA levels in tumor cells were associated with such molecular and biological 
features of PC as androgen receptor expression (r = 0.52; p < 0.05), high proliferative activity (r = 0.60; p < 0.05) and the pres-
ence of CSC markers (r = 0.75; p < 0.05). Conclusions: The findings indicate that NANOG is involved in the formation of the 
PC malignancy and should be further studied as a potential marker for the prediction of the disease course.
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According to the latest statistics, prostate cancer 
(PC) is among leading causes of cancer-related mor-
bidity and mortality in Ukraine and worldwide [1, 2]. 
The accumulated clinical experience implies the 
heterogeneity of this disease, both by morphologi-
cal and molecular structure and by clinical course, 
which requires different approaches to diagnosis and 
therapy. In some cases, the disease is latent and does 
not affect the quality and life expectancy of patients; 
in other cases, it manifests itself at late clinical stages, 
when treatment is already ineffective [3–5].

To determine the treatment strategy in each case, 
it is necessary to predict the aggressiveness of the 
PC course. According to the literature, indicators 
used in clinical practice (the level of prostate-specific 
antigen (PSA), tumor stage according to TNM system, 
and Gleason histological classification score) are far 
from perfect, which can lead to erroneous assessment 
of the malignancy degree of the disease in about half 
of the cases, and also complicates the choice of ad-
equate therapy [6, 7]. Assessment of the tumor ag-
gressiveness can be useful for separation of patients 
requiring active surveillance from those who require 
the radical treatment, as well as to determine the 

features of the disease and its potential for progres-
sion [8]. In view of this, the search for factors that would 
allow predicting the PC aggressive potential taking into 
account the biological characteristics of tumor cells 
is a priority area of research [9].

In the current literature, the importance of cancer 
stem cells (CSCs) in the formation of the degree 
of PC malignancy and intratumoral heterogeneity 
is actively discussed [10–12]. CSCs are character-
ized by a wide range of functional properties and 
are associated with high metastatic activity, resis-
tance to standard radio- and chemotherapy, and 
the relapse risk, which generally correlates with the 
unfavorable course of the disease. To date, CSCs 
have been identified in many malignancies, including 
PC. A number of markers are used to identify CSCs: 
CD24, CD44, CD49f, CD133, CD166, α2β1-integrin, 
and NANOG, a transcription factor identified by Cham-
bers et al. in 2003 [11–13]. NANOG has been shown 
to be involved in the regulation and function of dozens 
of genes, providing self-renewal and maintaining 
pluripotency in undifferentiated cells, in particular 
in embryonic stem cells [14].

In humans, in addition to the NANOG gene, 
11 NANOG pseudogenes (NANOGP1–NANOGP11) 
were identified, with their sequences being more 
than  90% identical to the NANOG. It is noteworthy 
that these pseudogenes lack intron-exon repeats and 
instead have a continuous NANOG sequence with 3’-
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poly (A) tails. They also differ from the NANOG by their 
promoters. NANOG acts in conjunction with the tran-
scription factors Sox2, Oct3/4 (POU5F1), FoxD3, and 
is able to activate their expression. NANOG expression 
is regulated with the involvement of miR-214 and miR-
21, which mediate their action through p53 [15–17].

NANOG is thought to play a leading role in the car-
cinogenesis and progression of some malignancies. 
It is expressed in embryonic gonocytes, testicular 
cancer cells in situ, seminomas, embryonic cancers 
and breast cancers. In addition, increased NANOG 
expression in tumor cells correlates with unfavorable 
clinical course of cancer [18].

Recent studies on in vitro models have demon-
strated the presence of NANOG expression in the 
PC cell lines. Jeter et al. [19] have demonstrated that 
expression of proteins encoded by the NANOG gene 
and the NANOGP8 retrogene in human PC cell lines 
was associated with the presence of CSCs and cor-
related with such indicators of malignancy as self-re-
newal ability and colony-forming activity. In particular, 
overexpression of NANOG in both androgen-sensitive 
and androgen-refractory PC cell lines promoted the 
formation and growth of tumors upon their grafting 
to experimental animals. Recently NANOG overexpres-
sion has been shown to be associated with an increase 
in BCL-2, IGFBP-5, and CXCR4 levels, which makes 
cells insensitive to androgen deprivation [20]. At the 
same time, the value of NANOG in predicting the 
PC course remains poorly understood.

Therefore, the aim of this work was to investigate 
the level of NANOG mRNA in tumor tissue of PC pa-
tients and to analyze the possibility of its use as a mark-
er of the disease course.

MATERIALS AND METHODS
The study involved 85 PC patients, stages II–IV, who 

were treated at the National Cancer Institute of the 
Ministry of Health of Ukraine during 2015–2017. All 
patients were thoroughly informed about the study that 
was approved by the local ethics committee. Clinical 
diagnosis was established on the basis of determina-
tion of PSA in blood serum, finger rectal examination, 
computer tomography of the pelvic organs and/
or transrectal ultrasound examination of the prostate 
and abdominal cavity, osteoscintigraphy, chest ra-
diography. In all patients, the diagnosis was verified 
after ultrasound-guided transrectal multifocal biopsy 
of the prostate. The stage of the tumor process was 
determined according to the International Classifica-
tion of Tumors (TNM, 8th edition, 2017).

For morphological examination, the operative ma-
terial was fixed in 10% neutral formalin solution and 
further processed by generally accepted histological 
techniques. From paraffin blocks, sections were pre-
pared that were stained with hematoxylin and eosin; 
the morphological features of the tumor structure were 
studied by light microscopy.

Immunohistochemical (IHC) study of the expres-
sion of androgen receptors (AR) and Ki-67 in tumor 

cells was performed on paraffin sections 4–5 microns 
thick. Monoclonal antibodies specific for AR (clone 
441; Thermo Scientific, USA) and Ki-67 (clone MIB- 1; 
DakoCytomation, Denmark) were used as primary 
antibodies. A set of Mouse/Rabbit PolyVue Plus HRP/
DAB Detection System reagents from Diagnostic 
BioSystems (USA) was used to visualize the reaction 
results according to the manufacturer’s recommenda-
tions. Sections were counterstained with Meyer’s he-
matoxylin. AR expression was considered positive if the 
number of immunopositive tumor cells > 10%. The 
number of cells with positive expression of Ki-67 was 
determined, accounting the degree of manifestation 
of IHC reaction: “+++” — strong, “++” — moderate, 
“+” — low, or no expression (0).

Detection of CSC was performed by simultane-
ous IHC assessment of CD24 and CD44 expression 
in tumor cells using the MultiVision Polymer Detection 
System: anti-Mouse-HRP and anti-Rabbit-AP Thermo 
Scientific (USA) detection system. Monoclonal an-
tibodies specific for CD24 (clone SN3b; Thermo 
Scientific, USA) and CD44 (clone SP37; Máster Di-
agnóstica, Spain) were used as primary antibodies 
in dilutions according to the manufacturer’s instruc-
tions. The results of IHC reactions were analyzed using 
an XSP-137-BP optical microscope JNOEC at ×200 or 
×400 magnifications.

Total RNA was extracted using “Riboprep” Isola-
tion Kit (Amplisens, Russia). RNA concentration was 
determined on a “NanoDrop 2000c” spectrophotom-
eter (Thermo Scientific, USA). RNA was dissolved 
in TE buffer and stored at –20 °С. Single-stranded 
cDNA of NANOG was synthesized from 100 ng of total 
RNA using “Reverta-L” kit (Amplisens, Russia). As in-
ternal control, the mRNA of β-actin was used. All the 
primers were synthesized by Metabion, Germany.

For NANOG detection, Q-RT PCR primer sequences 
were as in [21]: forward 5´-CAGTCTGGACACTGGCT-
GAA-3´, reverse 5´- CTCGCTGATTAGGCTCCAAC-3´; 
β-actin: forward 5´-ACAGGGGAGGTGATAGCATT-3´, 
reverse 5´-GACCAAAAGCCTTCATACATCTC-3´. For 
miR-214 detection, we used stem-loop primer for re-
verse transcription 5´-CTCAACTGGTGTCGTGGAGTC-
GGCAATTCAGTTGAGGCATTATT-3´ and forward 
primer sequence 5´-GTTACAGCAGGCACAGACA-3´. 
According to the RT-PCR stem-loop miRNA tech-
nique, universal reverse primer 5´- GTGCAGGGTC-
CGAGGT-3´ was used [22]. The primer sequences 
for miR-214 detection were retrieved using the re-
source genomics.dote.hu:8080/mirnadesigntool/. 
As an endogenous control, we used microRNA 
U6 (RNU6-1) [23]. The primer sequences were 
from the www.ncbi.nlm.nih.gov resource: forward, 
5´-GCTTCGGCAGCACATATACTAAAAT-3´ reverse, 
5´-CGCTTCACGAATTTGCGTGTCAT-3´.

Q-RT PCR was performed on Applied Biosystems 
7900HT Fast Real-Time PCR System using Maxima 
SYBRGreen/ROX qPCR Master Mix (Thermo Scientific, 
USA). Relative expression was identified by com-
parative CT method. Experiment was performed 
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in triplicates for each sample. The threshold cycle 
was averaged in all technical and biological replicas 
within each sample. Fold change between the studied 
miRNAs expression relative to control was calculated 
by the formula 2-∆∆Ct [24].

Statistical processing of the obtained results was 
performed using the STATISTICA 6.0 program. The 
following statistical methods were used: standard 
descriptive, parametric and non-parametric. The 
critical level of statistical significance was assumed 
to be 0.05. Pearson’s correlation coefficient (r) was 
used to evaluate the association of expression of the 
investigated markers with the clinical and pathological 
characteristics of the PC.

RESULTS AND DISCUSSION
The clinical characteristics of patients with the PC, 

stages II–IV are shown in Table 1. The number of pa-
tients with T2 stage was 42.35%, T3 stage — 57.65%. 
The age of patients ranged from 46 to 83 years, with 
an average age of 62.7 ± 4.6 years.

The results of comprehensive examination of pa-
tients (radiological, ultrasound, laboratory) showed 
the presence of metastases in regional lymph nodes 
in 36.47% cases and the absence of distant metasta-
ses in all PC patients.

The morphological study revealed that 65.88% 
of all tumors studied were moderately differentiated 
adenocarcinomas (Gleason score < 7) and 34.12% 
were low-differentiated adenocarcinomas (Gleason 
score ≥ 7). In 43.53% of patients, the PSA level was 

below 10 ng/ml, while in 56.47% of patients this level 
was higher than 10 ng/ml.

The level of NANOG mRNA in the tumor tissue 
of patients with PC was characterized by considerable 
variability, as evidenced by individual fluctuations from 
0.11 ± 0.03 a.u. up to 15.24 ± 0.36 a.u. (4.18 ± 0.65 a.u. 
on the average).

In order to determine the role of NANOG in the for-
mation of the PC malignancy, all patients were divided 
into 2 groups depending on the NANOG mRNA lev-
els — less than 4 a.u. (group 1; n = 54) and higher than 
4 a.u. (group 2; n = 31). The average NANOG mRNA 
level in the first group of patients was 4.09 times higher 
compared with patients in the second group (Table 2).

Next, we analyzed the dependence of NANOG 
mRNA level on the clinical and pathological parameters 
of patients of both study groups. It is well recognized 
that the pretreatment PSA level is considered as one 
of the factors for predicting the aggressiveness of the 
disease and correlates with the indicators of relapse-
free survival of patients [25]. In particular, it was found 
that at baseline serum PSA level above 50 ng/ml, ex-
tracapsular invasion was detected in 80% of patients 
and metastatic lesions of regional lymph nodes in 66% 
patients [8, 9]. As can be seen (see Table 2), PSA 
level > 10 ng/ml was detected in 44.5% of patients 
of group 1, which is 1.73 times less than in group 
2 (77.4%). Patients in both study groups were found 
to have an increased pretreatment serum PSA levels 
in association with high NANOG mRNA levels in tumor 
tissue. In particular, in patients of groups 1 and 2 with 
PSA level < 10 ng/ml, NANOG mRNA levels were 
by 1.95 and 1.81 times lower, respectively, compared 
with patients with PSA levels > 10 ng/ml.

One of the main criteria that determines the tactics 
of treatment of patients with PC and correlates with its 
effectiveness is the size of the tumor. As can be seen 
from Table 2, the number of T2 tumors in group 1 was 
twice that in group 2. In patients with neoplasms local-
ized in the prostate, the level of NANOG mRNA in tumor 
tissue was 1.71 and 1.81 times lower than in tumors ex-
tending beyond the organ capsule, in groups 1 and 2, 
respectively.

Another important prognostic PC index is the pres-
ence of metastases in regional lymph nodes [26]. 

Table 1. Clinical and pathological characteristics of patients with PC

Index Patients
n %

Total number of the PC patients 85 100
Age (years)
Median 62.7 ± 4.6
Range 46–83
Tumor size (Т category)

Т2 49 42.35
Т3 36 57.65

Regional lymph node metastases (N category)
Positive 31 36.47
Negative 54 63.53

Gleason’s score
< 7 56 65.88
≥ 7 29 34.12

PSA level
< 10 ng/ml 37 43.53
> 10 ng/ml 48 56.47

Table 2. Relationship between NANOG mRNA level in tumor tissue of the PC patients with the main clinical and pathological characteristics

Index

Group 1
(NANOG mRNA level 

< 4 a.u.), n = 54

Group 2
(NANOG mRNA level 

> 4 a.u.), n = 31
Number of patients,

n/% NANOG mRNA level, a.u. Number of patients,
n/% NANOG mRNA level, a.u.

PSA level
< 10 ng/ml 30/5.5 1.52 ± 0.18 7 / 22.6 6.11 ± 0.54
> 10 ng/ml 24/44.5 2.97 ± 0.12* 24 / 77.4 11.07 ± 1.72*

Tumor size (Т category)
Т2 38/70.4 1.60 ± 0.23 11 / 35.5 7.05 ± 1.21
Т3 16/29.6 2.74 ± 0.19* 20 / 64.5 10.44 ± 1.74*

Regional lymph node metastases (N category)
Positive 41/75.9 1.86 ± 0.26 13 / 41.9 5.36 ± 0.39
Negative 13/24.1 2.57 ± 0.19* 18 / 58.1 11.57 ± 1.38*

Gleason’s score
< 7 42/77.8 2.22 ± 0.34 14 / 45.2 6.22 ± 0.60
≥ 7 12/22.2 2.07 ± 0.30 17 / 54.8 13.39 ± 1.20*

Note: *p ≤ 0.05 compared to the corresponding characteristics of patients with PC.
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According to our results, the number of the PC pa-
tients with metastases to regional lymph nodes was 
significantly higher (2.4 times) in group 2, reaching 
58.1%. We determined that the level of NANOG mRNA 
in tumor tissue of patients with regional lymph node 
metastatic lesions of groups 1 and 2 was 1.38 and 
2.5 times higher, respectively, compared with patients 
without metastases.

When the level of NANOG mRNA was analyzed 
in tumors of patients differed by Gleason score, 
we found that the highest number of tumors with 
the Gleason score < 7 was observed in patients with 
NANOG mRNA levels in tumor cells < 4 a.u., whereas 
most (54.8%) tumors in patients of group 2 had the 
Gleason score >  7. Analysis of the NANOG mRNA lev-
el in the tumor tissue of patients of group 1 revealed 
no association with the Gleason score. We found 
2.15-fold increase of NANOG mRNA expression as-
sociated with an increased Gleason score in patients 
from group 2 (see Table 2).

The results of Pearson’s correlation analysis 
of NANOG mRNA expression in tumor tissue of patients 
with PC are presented in Table 3. NANOG mRNA levels 
in both study groups were found to be directly corre-
lated with preoperative PSA levels in patients’ serum, 
disease stage, and presence of regional lymph node 
metastases. We did not find a correlation between the 
NANOG mRNA level in tumor cells and the Gleason 
score for a group of patients with NANOG mRNA level 
< 4 a.u. Instead, we revealed a positive stable correla-
tion between these indices in patients of group 2, with 
NANOG mRNA values > 4 a.u.

Therefore, we have demonstrated that increased 
NANOG mRNA expression in tumor tissue is associ-
ated with such indices of PC malignancy as high pre-

operative PSA levels in patients’ serum, presence 
of metastatic lesions of regional lymph nodes, and 
high Gleason score.

Given the significant variability of the clinical course 
of PC, due to its biological characteristics, we studied 
the association between NANOG mRNA expression 
in the PC cells and the characteristics of the molecular 
profile of tumors.

Because PC is a hormone-dependent neoplasm, 
it is important to evaluate the receptor status of tumor 
cells in order to predict the degree of malignancy of this 
nosological form of cancer. Many studies have shown 
that ARs can interact with different cell regulatory 
systems. AR expression correlates with high Ki-67 in-
dex and duration of overall and relapse-free survival 
of patients [27–29]. According to the data presented 
in Table 4. AR expression was observed in the major-
ity of tumors in patients of groups 1 and 2 (65.6% and 
61.3%, respectively) (Fig. 1). It was demonstrated 
that a high level of NANOG mRNA is a characteristic 
feature of AR-positive tumors in both study groups 
of patients with PC. Thus, in groups 1 and 2, the 
NANOG mRNA level in AR-negative tumor cells was 
by 1.22 and 1.57 times lower than in AR-positive tu-
mors, respectively.

An important role in assessing the aggressive-
ness of the PC course is also played by proliferative 
activity of tumor cells, the classic marker of which 
is Ki-67. Increased Ki-67 expression directly cor-
relates with Gleason score, tumor size, and overall 
PSA, and is associated with the risk of disease 
recurrence [30–32]. In our study, high Ki-67 ex-
pression was detected 2.5-fold more frequently 
in neoplasms of patients with NANOG mRNA lev-
els > 4 a.u. (Fig. 2). It was found that high levels 

Table 3. Correlation between NANOG mRNA levels and major clinical and pathological parameters of PC

Correlation pairs Group 1 Group 2
r p r p

NANOG 
mRNA level

PSA level 0.58 < 0.05 0.64 < 0.05
Tumor size 0.42 < 0.05 0.72 < 0.05
Regional lymph node metastases 0.70 < 0.05 0.75 < 0.05
Gleason score -0.12 > 0.05 0.54 < 0.05

Table 4. Relationship between NANOG mRNA expression in tumor tissue of PC patients and the molecular profile of neoplasms

Index

Group 1
(NANOG mRNA level 

< 4 a.u.), n = 54

Group 2
(NANOG mRNA level 

> 4 a.u.), n = 31
Number of patients,

n/% NANOG mRNA level, a.u. Number of patients,
n/% NANOG mRNA level, a.u.

AR expression
Negative 24/44.4 1.93 ± 0.19 12/38.7 6.88 ± 1.69
Positive 30/65.6 2.36 ± 0.16* 19/61.3 10.84 ± 1.38*

Кі-67 expression level
Low 43/79.6 1.78 ± 0.16 15/48.4 5.21 ± 1.38
High 11/20.4 2.41 ± 0.32* 16/51.6 11.57 ± 0.34*

Expression of CSC markers
Negative 38/70.4 1.85 ± 0.11 8/25.8 5.98 ± 0.56
Positive 16/29.6 2.39 ± 0.28* 23/74.2 13.39 ± 1.20*

Note: *p < 0.05 compared with group 1.

Table 5. Correlation between NANOG mRNA level in tumor cells with molecular profile features of PC

Correlation pairs Group 1 Group 2
r p r p

NANOG 
mRNA level

AR expression 0.44 < 0.05 0.52 < 0.05
Кі-67 expression 0.52 < 0.05 0.60 < 0.05
Micro-RNA-214 level 0.49 < 0.05 0.63 < 0.05
Number of CSC-positive tumors 0.13 > 0.05 0.75 < 0.05
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of Ki-67 expression in tumor cells were associated 
with an increase in NANOG mRNA levels by 1.35 and 
2.22-fold in patients of groups 1 and 2, respectively.

Given the role of NANOG in the processes of cell 
renewal and the maintenance of cell pluripotency, 
we considered it necessary to analyze the dependence 
of its level on the presence of CSC markers in the 
PC tissue. In our study, CD44+CD24- expression was 
not detected in the majority of neoplasms of group 
1 patients, while in the majority of investigated cases 
of group 2, the CSC markers were present (Fig. 3). 
It was found that high NANOG mRNA levels in both 
study groups were associated with the presence 
of CSC markers in the PC tissue.

As noted above, an important regulator of NANOG 
expression is microRNA-214, which is also one of the 
key mediators of the action of 5α-dihydrotestosterone 
on prostate cells upon malignant transformation. 
In view of this, we analyzed the dependence of NANOG 
mRNA level on the expression levels of miRNA-214. 
Patients with NANOG mRNA level < 4 a.u. were charac-
terized by significantly lower expression of miRNA -214. 
In particular, its level in the group 1 was 0.81 ± 
0.17 a.u., and in patients of group 2 — 1.47 ± 0.15 a.u.

The results of Pearson’s correlation analysis 
are presented in Table 5. In both groups the level 
of NANOG mRNA correlated with the high expression 
of AR, Ki-67 and miR-214, and in group 2 — also with 
the presence of CSC markers in tumor cells.

In conclusion, we have shown that high NANOG 
mRNA levels in tumor cells are associated with such 
indices of PC malignancy as AR expression, high pro-
liferative activity, and the presence of CSC markers. 
Therefore, we have demonstrated that NANOG mRNA 
expression is associated with a high degree of PC ma-
lignancy both in clinical terms and in molecular and 
biological features of tumors.

Presently it is known that NANOG is one of the 
most important transcription factors involved in em-
bryogenesis. NANOG plays a key role at the pre-
implantation development stage, and its expression 
levels progressively decrease during differentiation 
of embryonic stem cells, thereby regulating embry-
onic and pre-natal development. Postnatal NANOG 
is not detected or expressed at very low levels 
in most human tissues. An increase in NANOG levels 
occurs in tumor cells during the development and 
progression of malignant tumors [33]. It is believed 
that NANOG allows tumor cells to acquire stem cell 
properties [34], as it was demonstrated in in vivo and 
in vitro experiments [35].

Data on the NANOG levels in PC are scarce. Ac-
cording to single observations [33, 36], NANOG mRNA 
expression is identified in 80% of PC samples. At the 
same time, the highest level of NANOG is observed 
in malignant transformed cells, whereas samples 
of patients with benign prostatic hyperplasia are char-
acterized by the absence of this transcription factor. 

     
Fig. 1. Presence (a) and absence (b) of AR expression in tumor tissue of patients with PC. IHC. ×200

 a  b

Fig. 2. Expression of Ki-67 in PC cells. a — high expression level; b — low expression level; c — no expression. IHC. × 200 

 a  b  c



Experimental Oncology 42, 94–100, 2020 (June)42, 94–100, 2020 (June) (June) 99

This indicates that NANOG might be involved in the 
PC development [37].

Our findings confirm the results of other studies 
that consider the use of NANOG expression levels 
as a predictive marker of cancer course. In particular, 
high levels of NANOG in tumor tissue are associated 
with aggressive clinical course of lung, breast, stom-
ach, pancreas, ovarian cancer, etc. [38–40].

A positive correlation found between NANOG 
expression and tumor cell receptor status coincides 
with the literature data and indicates the possibility 
of transcription activation of the NANOG promoter 
by 5-alpha-dihydrotestosterone via AR signaling [41].

The obtained data on the increase of the NANOG 
level in tumor tissue along with high Ki-67 expression 
levels, as well as a Gleason score of ≥ 7, confirm 
the involvement of this protein in the proliferation 
and progression of PC. This observation is further 
supported by the fact that the NANOG knockdown 
causes a decrease in colony formation and tumori-
genicity in human breast cancer (MCF-7), colon 
(Colo320), and PC (PC-3, Du145, and LAPC-9) cell 
lines [35].

Moreover, NANOG overexpression has been found 
to promote the clonogenicity and proliferation of LN-
CaP cells under conditions of androgen deprivation 
and indicate the involvement of this protein in the 
progression of the hormone-refractory PC [42, 43]. 
Another evidence of the involvement of this pluripotent 
transcription factor in the formation of the PC malig-
nancy is the ability of tumor cells to avoid NK cell at-

tack due to NANOG-mediated repression of ICAM1, 
as revealed by Saga et al. [44].

Thus, the results obtained indicate that NANOG 
contributes to the PC malignancy, which points to the 
need for further studies of its potential use as a marker 
for predicting the course of the disease.
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