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According to statistics, there were 42,518 newly-reported 
cases of prostate cancer in the year 2018 in Russia, and the 
higher incidence rates among males were demonstrated only 
by tracheal, bronchial and lung malignant neoplasms [1].

Prostate cancer is the most common cancer in men all over 
the world, the prevalence of the disease in the developed world 
exceeds 200 cases per 100,000 men. Although the clinical 
course of the tumor varies from slow-growing localized types 
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Рак предстательной железы — наиболее часто выявляемое онкологическое заболевание среди мужчин, этому во многом способствуют распространение 

скрининговых исследований и высокая частота биопсий органа. Верификация опухолей с потенциально более неблагоприятным прогнозом течения 

является первостепенной задачей при лечении рака предстательной железы. Целью исследования было определить клинико-морфологические 

ассоциации и прогностическую значимость экспрессии белка Nanog при раке предстательной железы в различных прогностических группах. Работа 

выполнена на материале ткани предстательной железы, полученном после оперативного вмешательства, а также образцах ткани биопсии (всего 89 

случаев). Было проведено гистологическое и иммуногистохимическое исследование с использованием антител к белкам Ki-67 и Nanog. Корреляционные 

связи между выраженностью экспрессии указанных маркеров и прогностической группой определяли с помощью коэффициента Спирмена, а связь 

с клинико-морфологическими проявлениями — с использованием критерия хи-квадрат (χ2). Обнаружена статистически значимая прямая корреляционная 

связь между выраженностью экспрессии Ki-67 и Nanog и порядковым номером прогностической группы (r
s
 = 0,619, p < 0,001 и r

s
 = 0,786, p < 0,001 

соответственно). Удалось обнаружить связь между высокой степенью экспрессии Nanog и экстрапростатическим распространением опухоли 

(p = 0,041). Повышенная экспрессия белка Nanog в клетках рака предстательной железы связана с более злокачественными формами аденокарциномы и 

свидетельствует о неблагоприятном прогнозе.  
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IMMUNOHISTOCHEMICAL EXPRESSION OF NANOG PROTEIN IN PROSTATE CANCER CELLS OF 
DISTINCT GRADE GROUPS

Prostate cancer is the most common type of cancer among men, which is mainly due to extensive use of screening tests and high total number of prostate biopsies. 

Verification of tumors with poorer prognosis is the primary goal of prostate cancer management. The study was aimed to determine the clinical and morphological 

associations and the prognostic value of the Nanog protein expression in prostate cancer of distinct Grade Groups. We used the prostate tissue specimens obtained 

during surgery, and the biopsy specimens, the total of 89 cases. Histological and immunohistochemical assessment was performed using antibodies to Ki-67 and 

Nanog. Correlations between the expression of markers and the Grade Groups were revealed using the Spearman's rank correlation coefficient, and the correlation 

with clinical and morphological characteristics was determined using the chi-squared test (χ2). There was a positive correlation between the expression of Ki-67 and 

Nanog, and the Grade Group numerical order (r
s
 = 0.619, p < 0.001 and r

s
 = 0.786, p < 0.001 respectively). We managed to find the relationship between the high 

Nanog expression and the extraprostatic extension (p = 0.041). High expression of Nanog protein in the prostate cancer cells was associated with a higher-grade 

adenocarcinoma and indicated a poor prognosis.  
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to highly aggressive cases with fast spreading, the disease is 
one of the major causes of morbidity and mortality among men 
[2, 3].

The USA is one of the countries with the highest rate 
of prostate cancer. The disease occurs in one of every six 
American men during his lifetime. However, only one of those 
patients actually dies of prostate cancer and its complications, 
in other patients the tumor usually demonstrates no clinical 
manifestations [4]. These data were confirmed by autopsy 
studies in which the postmortem diagnosis of prostate cancer 
was established in one third of patients aged 50–60, and in 
60% of people who died over the age of 80 [5].

Prior to wide-scale introduction of the prostate-specific 
antigen (PSA) level assessment, the prostate cancer was often 
diagnosed after the patients had shown symptoms of locally 
advanced or metastatic disease, and the overall 5-year relative 
survival rate was 70% [6]. The extensive use of PSA screening 
tests led to a dramatic increase in the prostate cancer detection 
involving mostly localized cancer. However, the described 
method does not have high specificity and often contributes to 
the increased number of invasive procedures in patients with 
clinically insignificant cancer types [7]. Therefore there is a need 
to continue search for biological markers in order to refine the 
various prostate cancer types progression model and choose 
the appropriate treatment tactics.

The promising strategy to address the problem is the 
in-debth study of major histogenesis patterns for the most 
common type of prostate cancer, the adenocarcinoma. 

At the current stage, the stochastic model of carcinogenesis 
suggesting that each individual tumor cell possesses the 
amplification capacity and is able to produce a new tumor pool 
is relegated to the background [8]. It is being substituted by 
hierarchical approach to tumor progression. This approach 
involves the model in which the tumor consists of atypical cells, 
polymorphic in their proliferative activity and differentiation 
potential. The theory described implies that there are cancer 
stem cells (CSC), which, like normal stem cells, are able to 
divide indefinitely, inter alia they divide asymmetrically, and 
therefore they are capable of multipotent differentiation in the 
tumor tissue. It is believed that cancer stem cells potentiate 
tumor growth [9].   

Early observations (1960s) based on the studies of 
hemoblastosis proved the heterogeneity of cells in the tumor 
mass suggesting the existence of immature cell population. 
The first evidence based on the acute myeloid leukemia 
research that supported the cancer stem cells (CSC) existence 
hypothesis was obtained in the 1990s [10]. More recent studies 
indicated that CSCs were present in tumors of other types, 
particularly in prostate cancer.

The CSC multipotency maintenance patterns are not well 
understood, however, the regulatory proteins responsible for similar 
properties of embryonic stem cells (ESC) may play a vital part.

The Nanog protein is a transcription factor involved in self-
renewal of stem cells. It was first discovered in mouse embryonic 
stem cells and considered an important transcriptional regulator 
responsible for cell differentiation [11, 12].

The described protein encoded by the gene NANOG1 
consists of 305 amino acids and possesses three functional 
domains: the N-terminal domain, the C-terminal domain and 
the conservative homeodomain motif required for binding 
to promoter region of DNA target regions and transcription 
regulation [13].

Together with other transcription factors, the most 
conservative of which are SOX2 and OCT4, Nanog plays a 
critical role in maintaining ESC properties [14]. These three key 

factors usually function together through transcriptional network 
formation to control the expression of a set of pluripotent-
related genes in ESC. High expression of Nanog is observed 
in the pluripotent stem cells and embryonal carcinoma cells, 
and its expression is downregulated upon cell maturation 
[11]. Overexpression of Nanog protein not only contributes 
to maintenance of ESC pluripotency in murine models in the 
abscence of such strong extrinsic factors as leukemia inhibitory 
factor (LIF), but also promotes the human ESC growth in the 
controlled environment in feeder-free conditions, i.e. in the 
absence of feeder, the functional basis represented by primary 
embryonic fibroblasts [15]. Thus, the level of Nanog protein is 
involved in determining the cell fate in pluripotent cells under 
physiological conditions.

Identification of cells possessing the stemness-related 
signs and markers in the tumor tissue might help to predict the 
unfavourable prostate cancer outcome.

The study was aimed to determine the prognostic value 
of the Nanog protein expression in the cells of prostate 
adenocarcinoma.

METHODS

From September 2017 to May 2019 at two hospitals (City 
Clinical Hospital № 31 and Hospital for War Veterans № 2) we 
had been collecting specimens obtained from 89 urological 
patients during surgery and diagnostic procedures.

The average age of patients at the time of tissue sampling 
was 69.3 years (47–89 years). Inclusion criteria: prostate cancer 
patients with morphologically verified diagnosis who received 
no neoadjuvant therapy. Exclusion criteria: cases with no 
clinical and instrumental examination data (PSA levels, tumor 
extension), as well as the cases with tissue amounts insufficient 
for immunohistochemical analysis and further interpretation 
of results. Surgery was performed in 48 patients (23 patients 
underwent transurethral resection, and 25 patients underwent 
radical prostatectomy), and the diagnostic transrectal 
multifocal biopsy was performed in 41 patients. Morphological 
assessment of prostate cancer included not only the cancer 
grade evaluation according to the Gleason score, but also, 
according to the WHO recommendations, the Grade Group 
characteristics were provided in each observation.

Immunohistochemical assessment was carried out 
according to standard protocol. The rabbit monoclonal Nanog 
antibody (Clone EPR2027 (2), Epitomics; USA) was used as a 
primary antibody. The seminomatous testis tissue specimens 
were used as a positive control. The cell proliferative activity 
assessment was performed using the anti-Ki-67 rabbit 
monoclonal antibody (Clone SP6, Cell Marque; USA). The 
reaction with the tonsils lymphoid tissue (tonsillar germinal center 
cells) was used as a positive control. Immunohistochemical 
reaction was carried out using the QUANTO detection system 
in the Autostainer 360 unit (Thermo Fisher Scientific; USA). The 
slices were stained with Mayer’s hematoxylin. The specimens 
were examined under the Axioplan 2 imaging miscroscope 
(Karl Zeiss; Germany) with the AxioCam ERc 5s stand-alone 
camera (Karl Zeiss; Germany).

Quantification of proliferative activity was performed by 
counting the percentage of positively stained nuclei per 300 
cells at x400 magnification. The following scoring system was 
used: no expression (score 0), weak expression (score 1) —
less than 10% of cell nuclei were stained, moderate expression 
(score 2) — more than 10% but less than 33% of cell nuclei 
were positive, strong expression (score 3) — more than 33% of 
the cell nuclei were positive. 
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The Nanog expression assessment was also performed 
by counting the number of immunopositive cells at high 
magnification (х400, the minimum number of cells was 300). 
However, the results were adjusted for staining intensity. The 
0–3 scale was used: 0 was no staining, 1 was weak staining, 
2 and 3 were moderate and strong staining respectively. Then 
the H-score (histochemical score) was calculated using the 
following formula: 

H-score = ∑ (P
i
 × i), 

where i was the staining intensity ranged from 0 to 3, and Pi 
was the proportion of cells stained to different intensities (%). 
The H-score value ranged between 0 and 300 [16].

Statistical analysis was carried out using the Statistica 10.0 
(StatSoft; USA) software for Windows 10. The significance of 
differences in the samples was determined using the Mann–
Whitney U-test. The differences were considered significant at 
р < 0.05. Correlation relationships were determined using the 
Spearman's rank correlation coefficient, the Chaddock scale 
was used to evaluate the strength of relationship for correlation 
coefficients. The chi-square (χ2) and Fisher's exact tests were 
used to reveal correlations between the studied markers 
expression and the clinical and morphological characteristics 
of patients.

RESULTS

After histological examination 68 patients were diagnosed 
with prostate cancer, the other patients were diagnosed 
with benign prostatic hyperplasia combined with 
inflammatory changes of varying severity. In accordance 
with the recommendations, after morphologic evaluation 
all observations were distinguished into five prognostic 
Grade Groups: Grade Group 1 included 18 cases (26.5%), 
Grade Group 2 included 16 cases (23.6%), and Grade 
Group 3 included 15 cases (22.1%). Grade Groups 4 and 
5 included 10 (14.7%) and 9 (13.2%) cases respectively. 
The cancer extent was determined based on the clinical and 
morphological data: tumors detected accidentally during 
examination, as well as carcinomas limited to the tissue of 
origin were considered localized cancer (Т1 and Т2 tumor-
node-metastasis stage according to AJCC, 8th edition). 
Extraprostatic extension was considered a sign of advanced 
cancer (Т3 and Т4). The serum PSA level of 10 ng/mL was 
used as a threshold value. 

The expression of Ki-67 was detected in 82 cases (92.1%). 
In the group of patients with benign prostatic hyperplasia 
the expression of Ki-67 was detected in 14 observations 

(66.7%), and in vast majority of cases the expression was 
weak. Comparison of the described marker expression 
between groups of patients with benign prostate lesions and 
prostate cancer revealed significant differences, and the overall 
proliferative activity in the prostate cancer group turned out to 
be much higher (p < 0.001) (Fig. 1). 

Comparison of proliferative activity between different Grade 
Groups revealed the progressive increase of the mean Ki-67 
expression with the Grade Group numerical order (Fig. 2). 
Correlation analysis revealed strong positive correlation 
between the parameters compared (r

s 
= 0.619; p < 0.001).

Expression of Nanog

In our study no expression of Nanog was detected in patients 
with benign prostatic hyperplasia, whereas among 68 cases 
of prostate cancer the 26 specimens (38.2%) turned out to 
be Nanog-positive. No expression of Nanog was detected in 
Grade Group 1, in Grade Group 2 there were three positive 
cases (18.75%), in Grade Group 3 there were 6 positive cases 
(40%), in Grade Group 4 there were 8 positive cases (80%), 
and in Grade Group 5 there were 9 positive cases out of 9. The 
mean Nanog expression values adjusted for staining intensity 
are presented in Fig. 3. 

 Comparison of H-scores for Nanog expression in the cells 
of prostate adenocarcinoma made it possible to reveal positive 
correlation with the Grade Group numerical order (r

s
 = 0.786, 

p < 0.001). 
The studied markers expression for the most common 

Gleason patterns is shown in Fig. 4.
Matching the clinical and morphological properties with 

the studied markers expression (Table) revealed significant 
correlation between the Ki-67 expression level and the 
extraprostatic extension (р = 0.046) together with high serum 
PSA level (> 10 ng/mL; р < 0.001). At the same time, high 
H-scores for Nanog expression were associated with advanced 
cancer (р = 0.041). However, no significant correlation between 
Nanog reactivity and the serum PSA level was observed. 

DISCUSSION

The study of cancer stem cells (CSC) peculiarities made in 
possible to revise the fundamentals of tumor organization 
and metabolism. Heterogeneity of tumor cell population is 
due to hierarchical organization partially modeling the normal 
histoarchitectonics of the tissue of origin. Symmetric and 
asymmetric division of CSC contributes both to maintaining the 
tumor cell population and to tumor volume increase due to loss 
of stemness by certain cells [17]. 

Fig. 1. Expression of Ki-67 in patients with benign prostatic hyperplasia and prostate adenocarcinoma
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It has been shown that in certain cancer types the Nanog 
expression level in CSC is higher compared to the rest of tumor 
cell population [18, 19].

The functional studies have demonstrated that Nanog is not 
only the marker of CSC, but is also able to enhance CSC-like 
properties in some cancer types. For example, the embryonic 
NANOG gene activation forces the colorectal cancer cell 
subpopulation to acquire a stem cell-like phenotype [20].

The expression of Nanog was detected in various tumors, 
including breast cancer, cervical cancer, oral cavity cancer, 
renal cancer, prostate cancer, lung cancer, gastric cancer, brain 
cancer and ovarian cancer [21]. High expression of Nanog 
indicates poor survival prognosis in patients with serous ovarian 
carcinoma, colorectal cancer and breast cancer. In patients 
with oral squamous cell carcinoma and lung adenocarcinoma, 
higher expression of Nanog and Oct4 is associated with 
advanced stage and worse overall survival [22, 23].

Aberrant expression of Nanog in cancer cells was 
associated with higher proliferation rate in vitro and 
tumor growth in vivo. It had been shown that the parallel 
overexpression of Nanog and Oct4 in the cells of lung 
adenocarcinoma enhanced clonogenicity and induced 
the spheroid formation [24], and the Nanog knockdown 
in the breast cancer cells reduced clonogenicity and cell 
proliferation [25]. The Nanog knockdown was associated 
with downregulation of a number of cell-cycle genes (such 
as cyclins D1, D2, D3 and E1, as well as cyclin-dependent 

kinases 1 and 6) and the p53 signaling pathway (for example, 
Bcl6 and Atf3), which could indicate the Nanog involvement in 
the cell cycle regulation [25, 26].

Our study made it possible to identify the Nanog protein 
expression in the prostate cancer cells. This protein was 
absent both in normal prostatic tissue and in observations of 
benign prostatic hyperplasia. The Nanog protein expression 
heterogeneity suggests that distinct adenocarcinoma variants 
distinguished primarily by the degree of anaplasia have different 
histochemical profiles. Considering that this transcription factor 
is generally inherent in embryonic cells, finding it in the cells 
of tumor mass speaks well for the theory of specific pool of 
cells showing signs of “stem-like” phenotype. The comparison 
of distinct prognostic Grade Groups has revealed that the 
Nanog expression rate and intensity increases with the growth 
of the degree of anaplasia. This is reflected by the Gleason 
score of the tumor and contributes to the Grade Group 
selection. Such positive correlation confirms that there is a 
significant subpopulation of CSC, multipotent due to presence 
of Nanog, in the cell mass of the most poorly differentiated 
prostate adenocarcinomas. The study also demonstrates the 
significant correlation between the Nanog expression level 
and the extraprostatic extension, which is an important factor 
affecting the outcome. Most observations, which turned out 
to be considerably immunoreactive for the described protein 
expression, also showed high expression of Ki-67. That 
indicated the high proliferative capacity of anaplastic cancer 

Fig. 3. Comparison of Nanog expression between different prostate cancer Grade Groups
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Fig. 2. Comparison of Ki-67 expression between different prostate cancer Grade Groups
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Fig. 4. Expression of Ki-67 and Nanog in the prostate cancer cells for the most common Gleason patterns (magnification х400)

Ki-67 Nanog

Gleason 
pattern 3

Gleason 
pattern 4

Gleason 
pattern 5

cells, among them the CSC. Immunohistochemical reaction 
with markers Nanog and Ki-67 in the Grade Groups 1 и 2 
turned out to be much lower compared to Grade Group 5, 
which indicated the better prognosis in well-differentiated 
carcinomas. 

CONCLUSION

Identification of cancer stem cells in the prostate cancer tissue 
is a promising diagnosis and outcome prediction method. High 
expression of Nanog is associated with higher proliferative 

Table. Relationship between the expression of Ki-67 and Nanog and the major clinical and morphological characteristics

Clinical and 
morphological 
characteristics

Number of cases, 
N (%), 68 in total

Expression of Ki-67 Expression of Nanog (histochemical score)

Score 1 Score 2 Score 3
Significance 

level, р
Weak (<40) Strong (>40)

Significance 
level, р

Tumor extension

Localized cancer (T1, T2) 39 (57.4%) 19 (27.9%) 17 (25%) 5 (7.4%)
0.046

8 (11.8%) 2 (2.9%)
0.041

Advanced cancer (T3, T4) 29 (42.6%) 6 (8.8%) 11 (16.2%) 9 (13.2%) 5 (7.4%) 11 (16.2%)

PSA level

<10 ng/mL 51 (75%) 23 (33.8%) 21 (30.9%) 4 (5.9%)

<0.001

9 (13.2%) 5 (7.4%)

0.238
>10 ng/mL 17 (25%) 2 (2.9%) 7 (10.3%) 10 (14.7%) 4 (5.9%) 8 (11.8%)
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