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Abstract 

Aim: There is emerging evidence concerning the postexposure effect of chemical carcinogens on 

miRNA expression. In spite of this fact there haven’t been so many investigation so far regarding 

the miRNA modification induced by N-methyl-N-nitrosourea, a well known pluripotent 

enviromental carcinogen. The aim of the study was to evalute the acute effect of MNU on miRNA 

expression. Methods: We investigated the expression level of miRNAs include miR-21 oncomiR 
and miR-146a is involved in NFkB antiapoptotic pathway and let-7a functioning as tumor 

supressor targeting ras and c-myc genes. The miRNAs expression levels were determined, in the 

year 2011, using quantitative PCR methods in CBA/CA H2k inbred mice at 24th hour and one 
week after MNU treatment and the data were evaluated in 2012. Results: We found significant 

upregulation of miR-21 gene in liver -, spleen – and kidney tissues. The most strikingly difference 

was observed in the the spleen, where all miRNA genes were upregulated in both treated groups 
related to the controls. Let-7a was also highly expressed in the most of the investigated organs, 

while miR-146a showed a reduction after 24 hours as well as one week later MNU injection. 

Conclusions: The early alteration in expression of let-7a, miR-21 and miR-146 genes in „in vivo” 
animal model could indicate their involvement in the acute effect of MNU, especially in the 

spleen. The characterisation of miRNA profile will lead to better understanding of mechanisms 

underlying the development of chemically induced tumorgenesis and may even serve as possible 
tool for indicate carcinogen exposures. 

© 2012 GESDAV 

 
INTRODUCTION 

N-methyl-N-nitrosourea (MNU) is a DNA alkylating 

agent which can cause GC to AT transition in DNA by 

formation of O6 methyl guanine adducts [1]. Acting as 

genotoxic carcinogen N-methyl-N-nitrosurea can 

induce several type of tumors such as alveolar 

adenocarcinomas, mammary tumors, malignant 

lymphomas of the thymus, liver and spleen [2-5]. Ando 

et al. demonstrated, that mice carrying human hybrid c-

Ha-ras genes treated with single dose of MNU 

developed forestomach papillomas and skin papillomas 

[6] To evaluate the effect of MNU treatment on 

carcinogenesis, our research group have already 

investigated the expression of onco/supressor genes 

such as c-myc, Ha-ras and p53 genes 12 and 24 hours 

after the exposure in mice [7]. The results of this study 

supported, that MNU has an impact on the expression 

of c-myc, Ha –ras and p53 genes especially in 12 hours. 

The microRNAs represent a group of small noncoding 

RNAs, whose mature form are 18-25 nucleotides in 

length. MiRNAs function as posttransciptional gene 

regulators, having a crurical importance in cell 

differentation, proliferation and apoptosis [8]. Over the 

past several years it has become clear that 

dysregulation of these small RNA molecules are 

involved in carcinogenesis. Number of studies have 

demonstrated altered expression of miRNAs in 

different type of human cancers [9-10]. Due to their 

complex role in gene regulation, miRNAs are 

implicated in cellular stress responses to extracellular 

signals such as chemical carcinogens [11]. The 

modification of miRNA expression induced by many 
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genotoxic agents like environmental cigarette smoke, 

N-ethyl-N-nitrosurea (ENU), 4- (methylnitrosamino)- 

1- (3- pyridyl)- 1- butanone, hexahydro- 1,3,5- trinitro- 

1, 3, 5- triazine (RDX), tamoxifen, 2-

acetylaminofluorene, vinyl carbamate (VC), 7,12–

dimethylbenz(α)anthracene (DMBA) is well 

documented [12-19]. Previously we provided data that 

exposure of mice to 7,12–dimethylbenz(α)anthracene  

results in significant overexpression of miRNAs 

strongly linked to the carcinogenesis just 24 hours after 

the exposure, while a significant down-regulation of the 

same miRNAs was observed seven days after the 

treatment [20].  

Considering the fact that there is sparse of available 

data concerning the postexposure effect of N-methyl-

N-nitrosourea on miRNA expression, and there is just 

little information can be available regarding the acute 

chemical carcinogenity, we investigated the expression 

level of let-7a, miR-21 and miR-146a after a single 

dose of MNU. 

MATERIALS AND METHODS 

6-8 week-old CBA/CA H2
k 

haplotype mice, weighted 

20 g, were divided into four groups, each composed of 

six male and six female animals. Two groups (group 1 

and group 3) were intraperitoneally injected with 30 

mg/kg body weight dose of MNU at the beginning of 

the experiment. The controls (group 2 and group 4) 

were fed by standard laboratory chew pellet and tap 

water ad libitum. Mice received human care and the 

experiment was carried out under the approval of the 

Institutional Revision Board. At 24 hours after the 

beginning of the investigation mice belonging to the 

groups 1 and 2 were autopsied. The mice belonging to 

groups 3 and 4 were autopsied one week after the start 

of the experiment.  Liver, spleen, lungs and kidneys of 

the animals were removed during autopsy.  

Tissue samples from the dissected organs were 

homogenized and miRNA was isolated with RNAzol 

solution (Molecular Research Center Inc., Cincinnati, 

OH, USA) according to the manufacturer’s instruction. 

The isolated RNA was quantified by absorption 

photometry at 260/280 nm. Optical density of the RNA 

was between 1.9 and 2.1.  

The miRNAs were reverse transcribed into cDNA by 

Transcriptor First Strand Synthesis Kit (Roche, Berlin, 

Germany). 2.0 μl the miRNA templates, 2.0 μl random 

hexamer primer, 9.0 μl H2O, 4.0 μl transcriptor reverse 

transcriptase reaction buffer, 0.5 μl protector RNase 

inhibitor, 2.0 μl Deoxynucleotide Mix and 0.5 μl 

transcriptor reverse transcriptase were mixed and 

heated at 65 °C for 30 minutes. 

Quantitative real-time PCR reactions were performed 

by LightCycler 480 system (Roche, Berlin, Germany) 

using LightCycler 480 SYBR Green I Master (Roche, 

Berlin, Germany). The reaction mix included: 5.0 μl 

cDNA template, 3.0 μl H2O, 2.0 μl PCR primer and 

10.0 μl master mix in 20 µl final volume. The reaction 

mixtures were incubated at 95 °C for 10 minutes, 

followed by 55 amplification cycles: denaturation at 

95°C for 10 s, annealing at 50°C for 15 s, extension at 

72°C for 20 s. Sequence-specific primers for let-7a, 

miR-21 and miR-146a were selected using the primer 

finder database (www.applied-science.roche.com) and 

were synthesized by TIB Molbiol, ADR Logistics, 

(Roche Warehouse, Budapest, Hungary): let-7a 

forward: 5'-GCCGCTGAGGTAGTAGGTTGTA-3', 

reverse: 5'-GTGCAGGGTCCGAGGT-3'; miR-21 

forward: 5'-GCCCGCTAGCTTATCAGACTGATG-3', 

reverse: 5'-GTGCAGGGTCCGAGGT-3'; miR-146a 

forward: 5'-GCCGCCCTGTGAAATTCAGTT-3', 

reverse: 5'-GTGCAGGGTCCGAGG -3'. The gene 

expression was determined by absolute nucleic acid 

quantification method with 4.0 Light Cycler software 

(Roche Diagnostics GmbH, Mannheim, Germany).  

The expression levels of each miRNAs were 

determined by quantitative real-time PCR methods in 

2011 and the statistical analysis was performed in 

2012. Student’s t-test was applied between control and 

treated groups and p-values were calculated for each 

miRNA for each organ. p-Values less than 0.05 were 

considered statistically significant. Values were 

expressed as the mean±2 SD. The calculation was 

performed using Statistical Program for Social Science 

19.0 (SPSS) software (IBM, Armonk, New York, 

USA). 

RESULTS 

Using quantitative real- time PCR methods the 

expression profiles of miRNAs were evaluated and 

statistically analyzed (Table I) at 24th hour and one 

week after MNU administration.  

As shown in Figure 1 A, the expression of the 

investigated miRNAs was strongly altered in liver 

tissues. At 24th hour after the MNU treatment there 

was a considerable down-regulation detectable in the 

expression of let-7a and miR-146a while miR-21 

showed increased expression related to the control 

groups. Similar alteration tendency was observed one 

week after MNU exposure.  

In the spleen the expression of all investigated miRNAs 

were found to be significantly increased by 1.93-10.47 

fold change in both treated groups compared to the 

controls (Figure 1B). MiR-21 was the most strikingly 

upregulated miRNA.  Furthermore, the magnitude of 

the changes in the expression level of miR-21 was 

higher at 24th hour timepoint than at the seventh day 

after the treatment.  
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Table 1. Results of statistical analysis.  

 miRNA Fold change* p-Value 

Liver    

24 h 

let-7a 0.05 5.97∙10
-3
 

miR-21 3.58 4.51∙10
-4
 

miR-146a 0.47 0.03 

1 week 

let-7a 0.45 0.07 

miR-21 4.07 4.71∙10
-5
 

let-146a 0.94 0.91 

Spleen    

24 h 

let-7a 10.47 5.07∙10
-3
 

miR-21 7.41 4.65∙10
-5
 

miR-146a 1.93 5.36∙10
-6
 

1 week 

let-7a 9.76 5.20∙10
-7
 

miR-21 8.12 2.98∙10
-6
 

miR-146a 2.00 3.28∙10
-5
 

Lungs    

24h 

let-7a 1.87 0.02 

miR-21 0.87 0.55 

miR-146a 0.64 0.19 

1 week 

let-7a 1.49 0.15 

miR-21 2.25 3.19∙10
-3
 

miR146a 0.09 5.42∙10
-5
 

Kidneys    

24 h 

let-7a 0.59 0.02 

miR-21 2.81 3.73∙10
-5
 

miR-146a 0.16 1.10∙10
-3
 

1 week 

let-7a 3.34 1.9∙10
-4
 

miR-21 2.86 4.65∙10
-6
 

miR-146a 0.12 8.26∙10
-4
 

* The fold change values are the gene expression ratios of MNU treated mice over the control animals according to tissue samples, 
duration of the treatment and miRNAs. 

 

Figure 1. let-7a, miR-21, miR-146a gene expression in liver (A) and spleen (B) of mice at 24th hour and one week after MNU 
exposure. 

 

There was no significant alteration detectable in the 

lungs at 24th hour after MNU treatment, while 7 days 

after the exposure we observed a significant increase in 

the expression of miR-21 and a reduction in miR-146 

level compared to the controls (Figure 2A). The miR-

146a gene expression in the treated group also showed 

markedly decrease in the kidney, where we found more 

than eight times lower level on the 7th day and six 

times lower level at the 24th hour timepoint in relation 

to the contols (Figure 2B). 
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Figure 2. let-7a, miR-21, miR-146a gene expression in lung (A) and kidney (B) of mice at 24 hour and one week after MNU 
exposure. 

 

DISCUSSION 

Recent toxicological researches reported on the relation 

between toxicant exposure and alteration in miRNA 

expression profile [21]. It has also been demonstrated 

that the most of the dysregulated miRNAs by 

carcinogen agents are involved in gene regulation 

linked to mechanisms of tumorgenesis [22]. In the 

present study we aimed to evaluate the acute response 

of three different miRNAs expressions (let-7a, miR-21 

and miR-146a) after single dose of MNU, a well-

known direct-acting carcinogen. 

Changes in miRNA expression profile induced by 

carcinogens may differ based on the type of the agent 

and the target tissue. Among many miRNAs miR-21 is 

frequently dysregulated in numerous types of human 

cancers [23-24]. Inhibiting the expression of several 

pro - apoptotic genes and tumor suppressor genes 

including p53, PTEN, PDCD4, TPM1, miR-21 

contributes to genesis and progression of several types 

of tumors [25]. Number of studies investigated the 

miRNA responses to different chemical carcinogens, 

include 2-acetylaminofluorene, vinyl carbamate, 

hexahydro- 1, 3, 5- trinitro- 1, 3, 5- triazine, 7,12–

dimethylbenz(α)anthracene  reported on the 

upregulation of miR-21 [15, 17, 18, 19]. Although 

these studies determined the chronic and subchronic 

chemical carcinogenity of these agents, we also found 

an increased level of miR-21 just at 24th hour after the 

treatment in all investigated organs in correlation to the 

controls. The most markedly change was observed in 

spleen compared to the other organs. Additionally all of 

the miRNAs were overexpressed in the spleen, and the 

most strikingly changes in the miRNA expression 

levels were observed in the spleen. It can refer to the 

fact that MNU have a potential to induce tumorgenesis 

in the hematopoetic system [26]. When Chan et al. 

investigated the effect of N-ethyl-N-nitrosurea in mice 

spleen, their study gave parallel results. They found 

significantly higher level of miR-34a in spleen just 24th 

hour after N-ethyl-N-nitrosurea exposure [27].  

In contrast to miR-21, the expression level of miR-

146a, which is mainly involved in the regulation of NF-

κB gene, showed a reduction after MNU treatment 

releated to the non-treated groups except of the spleen 

[28]. When Izotti et al. investigated rats, were exposed 

to environmental cigarette smoke for four weeks, 

showed a significant decrease of miR-146 level in lung 

tissues, while another study tested the miRNA 

responses to vinyl carbamate exposure in lung, revealed 

an elevated expression of miR-146 after in mice 

injected intraperitoneally with two doses of VC [12, 

18]. 

Studies carried out with long exposure periods of 

environmental carcinogens such as cigarette smoke and 

RDX revealed the downregulation of let-7a, which 

seems to function as a tumour suppressor by regulating 

oncogens include RAS and c-myc genes [29, 12, 15]. 

We observed an opposite tendency of let-7a expression 

except of the liver after single injection of MNU. 

Based on our results, the expression of the different 

miRNAs appear to be modified in response to various 

chemical agents and their target sites. The alterations 

we observed in let7-a, miR-21 and miR-146a 

expression induced by single dose of treatment can 

indicate their involvement in MNU induced 

carcinogenesis. The analysis of miRNA expression 
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pattern shows promise for explanation of the of 

chemically induced tumorgenesis and useful tool for 

detection of early stage of carcinogenesis. 
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