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Abstract 

Background: Prostate cancer (PC) is one of the most abundant cancers among men, and In Iran, has been 

responsible for 6% of all deaths from cancer in men. NUF2 and GMNN genes are considered as loci of 

susceptibility to tumorigenesis in humans. Alterations in expression of these genes have been reported in 

various malignancies. The aim of our study was to test whether different NUF2 and GMNN expression 

levels are associated with PC incidence and hence, might be considered as new molecular tools for PC 

screening. 

Methods: Biopsy samples from 40 PC patients and 41 healthy Iranian men were used to determine the 

relative gene expression. After RNA extraction and cDNA synthesis, samples were analyzed using TaqMan 

Quantitative Real time PCR. Patients’ background information, included smoking habits and family histories 

of PC, were recorded. Stages and grades of their PC were classified by the TNM tumor, node, metastasis 

(TMN) staging system based on standard guidelines. 

Results: NUF2 expression did not significantly differ between the groups, while GMNN expression was 

significantly greater in the PC specimens than in the controls. 

Conclusions: Regarding the significant role of GMNN in various tumor phenotypes, and its importance in PC 

progression, the alteration in GMNN expression in PC samples vs. controls indicate that the genetic profiling of this 

cancer might be considered to personalize therapy for each patient in the future. 
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Introduction 
Cancer is a leading cause of death worldwide, 

and expected to increase rapidly as populations 

grow (1, 2). In 2018, there were an estimated 

18.1 million new cancer cases (17.0 million 

except for nonmelanoma skin cancer) and 9.6 

million cancer deaths (9.5 million except for 

nonmelanoma skin cancer). Prostate cancer 

(PC) is the second most frequent malignancy 

after lung cancer in men worldwide, accounting  

 
 

for 1,276,106 new cases and 358,989 deaths 

(3.8% of all deaths caused by cancer in men) 

(3). The PC incidence rate varies greatly in 

different parts of the world; the highest rate was 

observed in North America, and the lowest in 

South Asia. The incident rate correlates strongly 

with increasing age, with the average age at the 

time of diagnosis being 66 years (4). The PC 

incidence was less in Iran than in the other parts 
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of the world, with an age-standardized rate 

(ASR) of 9.11/100,000 (5).  

The key factor to reduce the PC mortality 

rate is early detection and improvement in 

therapeutic strategies. In many cases the late 

stages of the cancer are resistant to routine 

treatments (6); therefore, early detection, and 

more importantly prediction, are of great 

interest. Prostate cancer is highly correlated 

with various risk factors including age, family 

history, environmental exposures (7), and 

genetic and epigenetic alterations (8). Despite 

efforts to develop multiple risk measurement 

systems for diagnosis at the earliest cancer 

stages, all failed in PC prediction (9). Long-

term survival is high in localized PC; however, 

metastatic PC remains largely incurable even 

after intensive multimodal therapy. The 

lethality of advanced disease is mostly driven 

by the lack of therapeutic regimens for 

generating durable responses because of the 

extreme level of tumor heterogeneity on the 

genetic and cell biological aspects (10).  

NUF2 encodes the NUF2 protein, a 

kinetochore protein that forms a stable complex 

with HEC1, SPC24, and SPC25, named the 

NDC80 complex. In mitosis, NUF2, as well as 

other components of the NDC80 complex, 

mainly contribute to kinetochore-microtubule 

attachment (11). Current evidence has shown 

that human NUF2 potentially interacts with 

centromere-associated protein E and is essential 

for stable spindle kinetochore-microtubule 

attachment (12, 13). Evidence showed that 

down regulation of NUF2 blocked kinetochore-

microtubule attachment and induced mitotic 

cell death in HeLa cells (11), and the NUF2 CH 

domain plays a key role in NUF2-mediated 

kinetochore-microtubule attachment (14). 

NUF2 was first identified as an overexpressed 

protein in various lung cancer histological types 

through genome-wide expression analysis and 

named as cell division cycle associated 1 

(CDCA1) (15). The activated form of NUF2 is 

involved in carcinogenesis and corresponds 

with patients’ prognoses. NUF2 was reported as 

a novel cancer-testis antigen that was 

overexpressed in multiple human cancers 

including lung, cholangiocellular, renal cell, and 

urinary bladder cancers. It was considered as a 

perfect tumor-associated antigen for both cancer 

diagnosis and immunotherapy (16). 

Furthermore, recent findings revealed that 

knockdown of NUF2 through siRNA resulted 

in cell proliferation inhibition and apoptosis 

induction in different cancer types including 

colorectal and gastric cancers and osteosarcoma 

Saos-2 cells (17-19). These reports demonstrate 

the possible role of NUF2 in human cancer 

development.  

GMNN, located on chromosome 6, encodes 

the geminin protein (GMNN) (molecular 

weight, 23565 Da), which is critical for origin 

licensing. GMNN was first identified as a 

general inhibitor of DNA replication in 

Xenopus laevis egg extracts with no further 

knowledge of its function in humans (16). 

Later, GMNN was reported as an inhibitor of 

Cdc10-dependent transcript (Cdt1) (20). A 

conformational change between GMNN-Cdt1 

heterotrimer and heterohexamer complex is 

responsible for licensing or inhibition of DNA 

replication. GMNN inhibits Cdt1-mediated 

minichromosome maintenance helicases 

(MCM) loading onto the chromatin-bound 

origin recognition complex (ORC), which 

results in the inhibition of pre-replication 

complex assembly. GMNN regulates DNA 

replication by binding directly to Cdt, affecting 

its stability and activity, and is involved in 

different developmental stages through 

interaction with various proteins (21). 

Furthermore, GMNN expression is highly 

associated with cancer pathophysiology and 

development (22).  

According to the roles of NUF2 and GMNN 

in cancer development the goal of this study 

was to compare the expression levels of these 

genes in specimens obtained from PC patients 

at various stages with those from healthy 

controls to determine whether these genes can 

be applied as factors to stage PC.  
 

Materials and Methods 

Case selection and tissue sampling  

Forty PC patients admitted to Shahid Akbar 

Abadi Hospital (Tehran, Iran) were selected 

randomly from February to December 2018. 
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The biopsy test results verified the cancer type; 

no age limitation was applied during cases 

selection. Smoking habits and familial history 

of PC were documented and the PC severity 

for each patient was measured using the tumor, 

node, and metastasis (TMN) staging system. 

The control group consisted of 41 healthy 

volunteers with no history of malignant or any 

urological disease. 

Sample preparation and RNA extraction 

Prostate tissue samples were stored and 

maintained in liquid nitrogen until RNA 

extraction. A Super RNA Extraction Kit for 

Tissue & Culture Cells (Favorgen Biotech 

Corp, Taiwan) was used to extract the total 

RNA according to the manufacturer’s 

instructions. The optical density (OD) of each 

sample at was measured at 260 and 280 nm 

(Ultrospec 2100 (Biochrom, USA)) and used 

as criteria to determine the amount of RNA in 

each sample. RNA was reverse transcribed in 

20 µl reaction mixtures containing: first 

strand buffer, 200 units of Moloney murine 

leukemia virus reverse transcriptase, 20 units 

of RNasin, 10 mM DTT, 4.75 µM random 

hexamers, and 500 µM deoxynucleotides (all 

from Promega, Madison, WI) at 37 °C for 1 

hr. Finally, the resultant mixture was heated 

at 95 °C for 5 min before storage at -20 °C. 

Primers and probes design 

The TaqMan primers and probes for the 

SEC14L1, TCEB1 and FAM72b genes were 

designed with the help of Primer Express 

software (PE Applied Biosystems, Foster City, 

CA). To reduce the DNA contamination, 

primers were designed to span at least one 

intron of the respective genomic sequence. To 

label the TaqMan probes, the dye FAM and 

the quencher dye TAMRA, with emission 

wavelengths of 518 and 582 nm, were used at 

the 5' and 3' ends, respectively. The 3' end of 

the probe was phosphorylated to prevent 

extension during PCR. These sequences were 

checked for their specificity via the Check-

Probe function of the Ribosomal Database 

Project software package and the BLAST 

database search program. Gene-specific 

primers were used according to the following 

sequences: human GMNN, forward primer:  

5′-CGGGCGAGCGGAGTTAGCAG-3′ and 

reverse primer:  

5′-TGGCTGCAGCACCTCGCAAA-3′; and 

human NUF2, forward primer:  

5′-TACCATTCAGCAATTTAGTTACT-3′ 

and reverse primer:  

5′-TAGAATATCAGCAGTCTCAAAG-3′. 

TaqMan real-time PCR  

Real-time TaqMan qPCR amplification was 

performed using a Rotor-Gene 6000 real-time 

PCR cycler (Qiagen Corbett, Hilden, 

Germany) with the following method: one step 

at 95 °C for 5 min, and 40 cycles at 95 °C for 5 

sec, and 60 °C for 30 sec. For each step, 20 ml 

of the reaction mixture was used containing: 

0.4 ml of forward primer, 0.4 ml of reverse 

primer, 0.4 ml of TaqMan probe, 12 ml of 

Probe 2x Taq (Probe qPCR) Master Mix 

(Takara Bio, Shiga, Japan), 1 ml of template 

cDNA, and 5.8 ml of sterilized ultra-pure 

water. Negative controls included all 

components of the reaction mixture except for 

the template cDNA. The negative controls had 

no detected amplified DNA products and were 

used during the analysis. The real-time PCRs 

were performed in triplicate and the data are 

presented as the mean values of the analysis. 

Statistical analysis 

In this study subjects’ data were obtained 

though questionnaires and entered into SPSS 

version 22 (SPSS Inc., Chicago) for analysis. 

The data are presented as means±SDs. 

Demographic results were collected from 

both groups and interpreted according to 

frequency. Subjects were divided into four 

age groups as follows: 1) age ≤45, 2) 45 <age 

≤54, 3) 54< age ≤63, and 4) age >63. The 

Kolmogorov–Smirnov test was used to 

determine the normal distribution of all data 

and the Mann-Whitney test was used to 

evaluate oncogene differences between 

groups. The chi-square test (X2) was used to 

determine whether age, smoking, or family 

history affected PC risk. Eventually, the eta 

(η) correlation ratio was performed to examine 
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the relationship between the different oncogenes 

and the stage of PC. The level of statistical 

significance was set at p≤ 0.05. 

  

Results 
Statistics revealed no significant differences in 

the ages of patients and healthy controls, which 

ranged from 25 to 88 (48.70±15.32) and 23 to 89 

(53.63±13.35) years, respectively. As indicated 

by the X2 test, the incidence of PC differed 

significantly between age groups (X2=  9.30; p= 

0.026). The greatest PC prevalence was in 

patients≤ 45 years (16/23) and the least in 

patients 54<age≤63 years (9/28) (Fig. 1). In the 

control group, no family history of PC was 

recorded, while among PC patients, 9/37 

(24.3%) had family histories of PC (Fig. 2). 

Regarding smoking, 60 and 51.2% of PC 

patients and healthy controls smoked, 

respectively (Fig. 3). Analysis of data by the X2 

test showed that family history of PC 

significantly affected PC prevalence (X2= 14.43; 

p= 0.001), while smoking had no significant 

effect on PC prevalence (X2= 4.67; p= 0.097).  

 

 
Fig. 1. The number of PC patients and healthy controls in the four age groups. 
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Fig. 2. The numbers of controls and PC patients without and with family histories of PC; NA: not applicable. 
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Fig. 3. Percentages of prostate cancer patients and healthy controls who smoked; NA: not applicable. 

 

The patients’ PC stages are presented in Table 

1. The T2N1M0 stage was the most frequent 

(47.5 %) among the patients, whereas 

T1N0M0, T1N1M1, and T4N1M1 were the 

least frequent (2.5%). No significant 

correlation was observed between the PC 

stage and either smoking habits or family 

history of PC. 
 

 

Table 1. The frequency of different TNM staging system of prostate cancer and the corresponding relationship with 

family history and smoking. 

TNM staging 

system (n= 40) 

Frequency 

(%) 

Smoking habit Family history 

Yes (%) No (%) NA (%) Yes (%) No (%) NA (%) 

T1N0M0 1 (2.5) 1 (2.5) - - - 1 (2.5) - 

T1N1M1 1 (2.5) 1 (2.5) - - 1 (2.5) - - 

T2N1M0 19 (47.5) 11 (27.5) 7 (17.5) 1 (2.5) 3 (7.5) 15 (37.5) 1 (2.5) 

T2N1M1 4 (10) - 4 (10) - - 4 (10) - 

T2N2M1 7 (17.5) 4 (10) 3 (7.5) - 2 (5) 4 (10) 1 (2.5) 

T3N1M1 2 (5) - 2 (5) - 2 (5) - - 

T4N1M1 1 (2.5) 1 (2.5) - - - 1 (2.5) - 

NA 5 (12.5) 2 (5) 1 (2.5) 2 (5) 1 (2.5) 3 (7.5) 1 (2.5) 

T0: In this case, no tumor was found in the prostate tissue 

 

Regarding the importance of NUF2 and 

GMNN role in malignancies, the mRNA 

level of these genes from 40 PC patients and 

41 healthy controls were measured using 

qRT-PCR. NUF2 expression was nearly 

identical in the two groups; however, GMNN 

expression was significantly greater in PC 

tissue samples than in those from the 

healthy group (2.54±0.290 vs. 1.211±0.117, 

p< 0.0005) (Fig. 4). Finally, data analysis 

by eta (η) revealed that the association 

between the PC stage and NUF2 and GMNN 

expression was medium and weak, 

respectively (Table 2).   
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Fig. 4. Relative expression of NUF2 and GMNN in biopsies from cancerous and healthy prostates. 

 

Table 2. Association of NUF2 and GMNN expression level with the stage of PC. 

Variable Value Interpretation 

Stage Dependence 0.883 
Medium association between the variables 

NUF2 Dependence 0.453 

Stage Dependence 1.000 
Weak association between the variables 

GMNN Dependence 0.356 

 

Discussion 
The current clinical tools for PC progress 

evaluation, including the pathologic grade and 

serum prostate-specific (PSA) levels, provide a 

significant level of discrimination in the 

identification of those at the highest and lower 

risk of more aggressive disease (23). For many, 

this information does not provide a solid picture 

to determine the most appropriate clinical 

course (24). Investigating genetic alterations is a 

new approach to find new targets for tumor 

therapies, yet few oncogenes have been 

discovered in prostate carcinogenesis (25, 26). 

The current study aimed to study two candidate 

genes suggested to be involved in cancer 

progression. NUF2 is reported to stabilize 

microtubule attachment as part of a linker 

between the kinetochore and tubulin subunits of 

the spindle, and depletion of NUF2 could 

induce defective kinetochore attachment and 

spindle checkpoint activation leading to mitotic 

cells death (27). NUF2 is a member of 

cancer/testis (CT) proteins, a group of proteins 

normally restricted in adult testes of adults but 

 

aberrantly expressed in several types of cancers 

(28). These antigens are highly immunogenic in 

cancer patients with an extremely tissue-

restricted expression. Prostate cancer is 

considered a moderate CT gene expressor, with 

6/20 (30%) CT transcripts having expression 

frequencies> 20% (29). In our study, NUF2 

expression was not significantly different 

between PC patients and controls, in contrast 

with results of Shiraishi et al., who reported an 

increase in NUF2 expression in PC patients 

following radical prostatectomy (29). 

Moreover, NUF2 expression is reported to be 

altered in a stage-specific manner in prostate 

carcinogenesis, making it an excellent candidate 

for cancer staging evaluation (30). 

Chromosomal DNA duplication is an 

essential process for all organisms and needs to 

be tightly regulated to preserve genomic 

integrity. GMNN is an origin licensing protein 

with a dual role in the regulation of DNA 

replication: first, it inhibits replication factor 

CDT1 activity during the G2 phase of the cell 
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cycle, and second, it promotes its own 

accumulation at the G2/M transition. Thereby, 

GMNN prevents DNA re-replication during G2 

and ensures that DNA replication is efficiently 

executed in the next S phase (31). In 2002, 

GMNN was suggested as a marker for cell 

proliferation in normal tissues and malignancies 

(32). Furthermore, its ablation resulted in re-

replication and DNA damage and enhanced 

tumorigenesis through increasing genomic 

instability (33). GMNN overexpression was 

reported in various cancer tissues including PC 

(34-36). Differential GMNN expression is 

associated with various cancer types, and its 

expression correlate significantly with nuclear 

grade and poor prognosis in breast cancer 

patients (34). Alterations in GMNN expression 

were reported in various cancer tissues (34-36) 

and findings showed that its overexpression 

correlated with recruitment and crosstalk with 

mesenchymal stem cells resulted in enhanced 

aggressiveness in breast cancer (37), however, 

Bánfi et al (40) found no significant difference 

in GMNN expression in samples from 

androgen-sensitive vs androgen-refractory PC 

samples. In our study, GMNN expression was 

significantly greater in PC patients than in 

controls. It has been proposed that GMNN 

could be a valuable marker for estimation of 

tumor aggressiveness and clinical outcome in 

cancer patients (20, 38, 39). Further studies are 

required to evaluate GMNN as a PC prediction 

marker and/or therapy target.  

Our results revealed that NUF2 expression 

was not significantly different, while GMNN 

expression was significantly greater, in PC 

tissues, which was associated with progression 

and metastasis in PC patients, than in controls. 

GMNN might be a good candidate for 

consideration in future studies to find 

prognostic markers in selection of tumor 

therapy or the population at risk for cancer 

progression.  
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