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N-nitroso-N-methylurea (NMU) and N-nitroso-N-ethylurea (NEU), direct alkylating chemical mutagens and carcinogens, 
are shown to be the upregulators of cellular NF-κB, regulating various genes that mediate tumorigenesis and carcinogenesis. 

Nitric oxide (NO), a toxic reactive radical gas, has been known to induce programmed cell death or apoptosis in various 
cells. Therefore, the assessment of NO production was examined to elucidate the possible contribution of NO release to 
the chemical carcinogenic potency of NMU and NEU in human skin cells. NMU and NEU did not alter the NO production, 
but they caused a significant downregulation of the NO generation on lipopolysaccharide (LPS)-induced NO production 
at concentrations ranging from 2~5 μM. The degree of downregulation of NO by NMU and NEU decreased up to 15% 
and 20%, respectively, compared to the control. These results demonstrate that the LPS-inducible keratinocytes NO 

synthase is involved in modulating carcinogenic potency by NMU and NEU, and the regulation of the cellular NF-κB 
activity by NMU and NEU is negatively correlated with the level of LPS-induced NO production in human skin cells. 
The findings of this study suggest the hypothesis that NMU and NEU-induced carcinogenesis may be associated with 
the downregulation of NO production, and the inducible NO may play an important role in NMU and NEU-induced 
carcinogenicity in human epidermal keratinocytes. 
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Exposure to low levels of many environmental stimuli, 

i.e., ultraviolet radiation and hazardous chemicals in the 

environment is essentially unavoidable, and skin is a primary 

target for a variety of chemical carcinogens. Direct alkylating 

chemicals such as N-nitroso-N-methylurea (NMU) and N-

nitroso-N-ethylurea (NEU) are known to be mutagens and 

carcinogens (Likhachev et al., 1983; Sukumar et al., 1983; 

Zarbl et al., 1985; Nakamura et al., 1994), and the covalent 

modification of cellular DNA has been recognized in the 

initiation of carcinogenic processes through mutagenic mech- 

anisms (Scheme 1). 

NF-κB expression has been involved in the development 

or progression of a variety of human cancers, as well as in 

the regulation of apoptosis both in normal and cancer cells 

(Bours et al., 1994, 2000; Rayet and Gelinas, 1999; Li et al., 

2015). Several studies have demonstrated that chemical car- 

cinogens are frequently causing carcinogenicity associated 

with the regulation of NF-κB activity (Saliou et al., 1999; 

Perez et al., 2000; Moon et al., 2003; Moon, 2007, 2010, 

2011). In particular, NMU and NEU are reported to signifi- 

cantly upregulated cellular NF-κB activation, and suggested 

that their carcinogenicity might be associated with the modu- 

Brief Communication 

*Received: January 3, 2018 / Revised: March 5, 2018 / Accepted: March 6, 2018 
†
Corresponding author: Ki-Young Moon. Department of Clinical Pathology, Gwangju Health University, Gwangju 62287, Korea. 
Tel: +82-62-958-7621, Fax: +82-62-958-7526, e-mail: kmoon@ghu.ac.kr 
○C The Korean Society for Biomedical Laboratory Sciences. All rights reserved. 
○CC This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which 
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 



- 51 - 

lation of cellular NF-κB activity in human skin cells (Moon 

et al., 2003; Moon, 2007, 2010). 

Nitric oxide (NO), a reactive and toxic radical gas, has 

been known to induce programmed cell death or apoptosis in 

various cells (Moncada et al., 1991; Nathan and Xie, 1994). 

However, little attention has been focused on the role of 

cellular NF-κB activation in modulating NO production by 

NMU and NEU and the possible implication of NO on the 

NMU and NEU-induced carcinogenicity. NF-κB is known 

to be a central regulator of inducible nitric oxide synthase 

(iNOS) expression. Therefore, iNOS dependent production 

of NO was assessed to examine the regulatory effect of 

NMU and NEU on the NF-κB activity correlating to NO 

release (Roméro-Graillet et al., 1997; Seo et al., 2002; Lee et 

al., 2005) and a possible contribution of NO to the chemical 

carcinogenic potency of NMU and NEU as well in human 

skin cells. 

The effect of NMU and NEU on the cellular NF-κB 

activation was evaluated to investigate a possible correlation 

between the activation of cellular NF-κB activity and its 

consecutive sequence, NO production in human skin cells. 

The change in NF-κB activity was measured in human 

keratinocytes, stably transfected with pNF-κB-SEAP-NPT 

plasmid (Moon et al., 2001; Moon, 2007, 2010, 2011). The 

treatment of transfectant keratinocytes with NMU (5 μM) 

and NEU (5 μM) resulted in the upregulation of cellular 

NF-κB activity up to 38% and 35% compared to the control, 

respectively, and was consistent with the previous results 

(Moon et al., 2003; Moon, 2007, 2010). This data suggests 

that the cellular NF-κB activation regulated by NMU and 

NEU may be involved in NMU and NEU-induced carcino- 

genicity in human skin cells. 

The cytotoxicity of the NMU, NEU, and LPS evaluated 

by the MTT assay (Scudiero et al., 1988) showed that the 

alkylating carcinogens and LPS concentrations used for the 

in vitro studies did not affect the keratinocyte cell viability 

(Table 1). 

Because cellular NF-κB is a central regulator of inducible 

nitric oxide synthase (iNOS) expression, iNOS dependent 

production of nitric oxide (NO) was measured to examine 

the upregulatory effect of NMU and NEU on NF-κB acti- 

vation correlating to the regulation of NO production in 

human skin cells. 

To investigate the possible correlation of cellular NF-κB 

activity with the generation of NO by NMU and NEU, the 

cultured malignant human epidermal keratinocytes were 

treated with alkylating chemicals with or without lipopoly- 

saccharide (LPS). The human keratinocytes revealed a mar- 

ginal NO production ability in the absence of LPS, showing 

no distinguishable difference in NO releases between the 

control and NMU or NEU treated cells (Fig. 1A and 1B), 

but NMU and NEU significantly decreased the LPS-induced 

Table 1. Relative mitochondrial dehydrogenase (MDH) activity 
from NMU, NEU, and LPS in transfectant human malignant 
keratinocytes 

Treatments MDH activity (%)a 

Control 100b 

NMU (5 M) 101.6 ± 5.4 

NEU (5 M) 102.4 ± 9.2 

NMU (5 M) + LPS (1 g/mL) 103.2 ± 8.4 

NEU (5 M) + LPS (1 g/mL) 104.6 ± 7.6 
a The values are represented as Mean ± S.D. of three independent

experiments. 
b This value is defined as 100 for each experiment. 
Cell survival was determined by measuring the MDH activities of
transfectant human malignant keratinocytes when exposed to the 
concentrations of NMU, NEU, and LPS tested. No significant 
difference in cell viability was found between alkylating agents 
and LPS-treated and nontreated cells. 

Scheme 1. Involvement of NF-κB and iNOS on carcinogenic 
potency of NMU and NEU 
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NO production in a dose response manner at concentrations 

of 2~5 μM (Fig. 2A and 2B). 

These results demonstrate that human malignant keratino- 

cytes (SCC-13) secrete nitric oxide (NO) in response to LPS, 

and the LPS-inducible keratinocytes NO synthase is involved 

in NMU and NEU-induced chemical carcinogenesis (Heck 

et al., 1992; Bécherel et al., 1997; Moon, 2011). Remarkably, 

the data showed that NMU and NEU decreased the iNOS-

dependent production of NO, representing that the regulation 

of cellular NF-κB activity by NMU and NEU was negatively 

correlated to the level of LPS-induced NO production, sug- 

gesting that the downregulation of inducible NO generation 

may play an important role in NMU and NEU-induced car- 

cinogenesis and cell proliferations as well in human epidermal 

keratinocytes. 

The inducible transcription factor NF-κB-mediated signal 

transduction has been implicated in the regulation of the 

inflammatory response, tumorigenesis, apoptosis, and car- 

cinogenesis (Bours et al., 1994, 2000; Rayet and Gelinas, 

1999; Moon, 2007, 2010, 2011). The overproduction and 

long lasting of NO have been established to initiate apoptosis 

in various cells (Messmer et al., 1995; Jun et al., 1998; Brüne 

Control + LPS (1 μg/mL) 
NMU 2 μM + LPS (1 μg/mL) 
NMU 5 μM + LPS (1 μg/mL) 

Control + LPS (1 μg/mL) 
NEU 2 μM + LPS (1 μg/mL) 
NEU 5 μM + LPS (1 μg/mL) 

Fig. 2. Dose-dependent inhibition of LPS-induced nitric oxide (NO) production by NMU and NEU in transfected human malignant
keratinocytes. (A) Downregulatory effect of NMU on LPS-induced NO production. (B) Downregulatory effect of NEU on LPS-induced 
NO production. NMU and NEU were added to the culture medium on 0 h of incubation, and NO productions were measured at 12, 24, 36, 
and 48 h after exposure to the chemicals. Each value represents the mean ± S.E. of three experiments. A significant difference in LPS-induced
NO productions between the control and NMU or NEU treated samples was indicated by P < 0.01. 

Fig. 1. Effect of NMU and NEU on nitric oxide (NO) production in transfected human malignant keratinocytes. (A) No regulatory
effect of NMU on NO production. (B) No regulatory effect of NEU on NO production. 

Control 

NEU 2 μM 

NEU 5 μM 

Control 

NMU 2 μM 

NMU 5 μM 
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et al., 1999). However, the molecular mechanisms associated 

with NMU and NEU-mediated carcinogenic process, as 

linked to NO, for carcinogenicity has not been studied. 

Therefore, this study examined whether the carcinogenic 

alkylating chemicals such as NMU and NEU regulate chem- 

ical carcinogenesis through the modulation of NO produc- 

tion and then attempted to elucidate a possible correlation 

between the upregulation of cellular NF-κB activity and its 

consecutive sequence, NO generation in cultured human 

skin cells by NMU and NEU. 

Acrolein is known to be an alkylating chemical carcinogen, 

downregulating the NF-κB activity in an I-κBα independent 

manner, which in turn reduce the generation of NO in human 

malignant keratinocytes (Moon, 2011). This result indicates 

that acrolein inhibits iNOS-dependent production of NO by 

a mechanism involving the downregulation of NF-κB acti- 

vation. NMU and NEU are reported to be direct alkylating 

chemical carcinogens upregulating the cellular NF-κB activity 

(Moon et al., 2003; Moon, 2007), indicating that their up- 

regulatory effect was via the protein kinase C-mediated 

signaling pathway in human malignant keratinocytes (Moon, 

2010). 

In this study, NMU and NEU also induced the upregu- 

lation of NF-κB activity in epidermal keratinocytes, and 

their regulatory effect on cellular NF-κB activity was not 

consistent with the inhibitory effect on the LPS-induced 

NO production, even they have demonstrated characteristics 

of a potent alkylating carcinogens. Therefore, a number of 

different alkylating carcinogenic chemicals revealed marked 

differences in the mode of the activation pathways of NF-κB 

and its consecutive sequence, NO generation (Scheme 1). 

This study reports the upregulation of NF-κB activity in- 

duced by NMU and NEU, which in turn decreases the NO 

production in cultured human keratinocytes and shows 

marked differences in the mode of the generation of NO 

with a number of different alkylating carcinogenic chemicals, 

i.e., acrolein (Bomsztyk et al., 1991; Legrand-Poels et al., 

1997; Moon, 2010, 2011). 

These results may provide the feasibility of a novel thera- 

peutic approach for preventing or treating cancer based on 

the specific regulation of the NF-κB activation pathway as 

well as NO production and further suggests that the NF-

κB-mediated signal pathway and NO release may play an 

important role in NMU and NEU-induced chemical carcino- 

genesis in human epidermal keratinocytes (Moon et al., 2003; 

Moon, 2007, 2010, 2011). 

The findings now suggest that the downregulation of 

inducible NO production may play an important role in 

NMU and NEU-induced carcinogenesis in human skin cells. 
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