
Abstract. Methylnitrosourea (MNU) is a well-known
pluripotent direct-acting carcinogen. Formation of MNU
following incubation of various meats with additional nitrite
under in vitro acidic conditions is possible. It is possible that
many species, including humans, are exposed to carcinogenic
MNU, generated in their alimentary tract. Previously, an
animal model was developed by our research group to
investigate the expression of three genes c-myc, Ha-ras and
p53 as early molecular epidemiological biomarkers of
carcinogenic exposure or carcinogenesis caused by DMBA
(dimethylbenz[α]anthracene). The aim of this study was to
investigate the early effect of MNU on the gene expression
levels. MNU is a direct-acting carcinogen which
spontaneously and rapidly degrades, so any effect on the gene
expression is observed in 24 hours. Our results show the
maximum effect in vivo on the gene expression at 12 hours
after the MNU treatment; on the other hand, 24 hours after
the treatment, the elevated gene expressions decreased in
target organs (bone marrow, lung, lymph nodes). Our results
correspond to “long-term” experiments of the carcinogenic
effect of MNU in different target organs. Our findings suggest
that MNU has an impact on the expression of c-myc, Ha-ras
and p53 genes in 12 hours, especially in bone marrow.
Overexpression of these genes occurs as an early biological

effect of exposure to chemical carcinogens. According to our
results, the high expression of these genes could indicate
MNU exposure and these genes could take part in MNU-
induced tumorigenesis.

According to data of Sen et al. formation of methylnitrosourea
(MNU) following incubation of various meats with additional
nitrite under in vitro acidic conditions is possible (1). MNU
is a well-known pluripotent, direct-acting carcinogen (2, 3).
Its structure is shown in Figure 1. It has been shown that
MNU is able to induce cancer of various organs, mainly of the
forestomach, lung and the central nervous system, different
types of leukemia and lymphoma in a wide variety of animal
species. It is possible that many species, including humans,
are exposed to the carcinogenic effect of MNU generated in
their gastrointestinal tract (4). Moreover when mice were
administered an intraperitoneal injection of MNU, thymic
lymphomas developed (5).

Both in the case of the formation of MNU in the
gastrointestinal tract and experimentally administered MNU,
mutations and amplification of Ha-ras have been shown (6).
The question arises of when the first sign of the carcinogenic
effect of MNU can be detected and whether overexpression
of different key onco/supressor genes in the early steps of
MNU-induced carcinogenesis can be detected?

Previously, an animal model was developed by our research
group for investigating the expression of c-myc, Ha-ras and
p53 genes as early molecular epidemiological biomarkers of
the effects of carcinogenesis and the exposure to carcinogenic
agents (7-8). It is well-known that overexpression of these
three genes signalizes the first steps of tumour formation and
additional information about carcinogenesis can be gained via
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the measurement of the expression of the p53 gene in particular
(9-13). In our earlier studies, we investigated the effect of
dimethylbenz[α]anthracene (DMBA) on molecular
epidemiological biomarkers (on CBA/Ca inbred mice). DMBA
is also a pluripotent chemical carcinogen. It is activated by
metabolic enzymes and acts as an initiator by causing point
mutations in certain oncogenes and tumour suppressor genes
(14). DMBA was found to induce overexpression of Ha-ras
and p53 genes 24-48 hours after in vivo treatment of mice (15).
By the same method, we have examined here the expression of
these three genes after intraperitonial administration of a direct
acting alkylating agent, MNU, in mice.

Materials and Methods

Treatments. Six- to eight-week-old conventionally maintained,
CBA/Ca inbred mice, with H-2K haplotype (6-6 in each group, male
and female) weighing 20-24 g were used for this experiment. Two
groups were treated intraperitoneally (i.p.) with a single 30 mg/kg
body weight dose of MNU (Sigma Aldrich, Budapest, Hungary)
dissolved in 0.1 ml Salsol A (Teva Pharmaceutical Industries Ltd.,
Debrecen, Hungary). Control groups of mice treated i.p. with 0.1
ml Salsol A served as control.

Gene expression investigations. Four groups of mice were used, 6 males
and 6 females in each. At 12 and 24 hours after the MNU or the Salsol
A (control) treatment, the mice were autopsied by cervical dislocation
and the liver, lungs, kidneys, thymus, spleen, lymph nodes and bone
marrow were removed and 100 mg samples of each tissue were pooled
according to groups. After homogenization of the organs, total cellular
RNA was isolated using TRIZOL reagent (Invitrogen, Paisley,
Scotland, UK). The concentration and quality of the RNA was assessed
by absorption measurement of light at 260/280 nm wavelength. RNA of
each sample (10 μg) was dot-blotted onto Hybond N+ nitrocellulose
membranes (ECL kit; Amersham, Little Chalfont, UK) and hybridized
with chemiluminescently labelled specific probes for c-myc, p53 and
Ha-ras (Professor J. Szeberényi; University of Pécs, Hungary) genes.
The RNA isolation, hybridization and detection were performed
according to the manufacturer’s instructions. The signals were detected
on X-ray films. The dots were evaluated by Quantiscan software
(Biosoft, Cambridge, UK). Gene expression is reported as % relative to
the level of the expression of β-actin control.

Results

The expression of mRNA of the Ha-ras gene is shown in
treated and control groups, 12 and 24 hours after the
treatment (Figure 2). Twelve hours after MNU treatment, the

expression of Ha-ras gene was higher in lymph nodes, bone
marrow and the lungs, while in the liver, spleen and thymus it
was lower in comparison with that of the control groups.
Twenty-four hours after the treatment, the expression level of
the Ha-ras gene was lower in lymph nodes but higher in the
bone marrow as compared to the control group (Figure 2).

As shown in Figure 3, the expression of the p53 tumour
suppressor gene was higher in treated groups at 12 hours
after the treatment. Twelve hours after the MNU treatment,
the expression level of the mRNA of p53 gene was higher in
liver, lung and bone marrow in comparison to the control,
while in the spleen, kidneys and lymph nodes the expression
of p53 gene did not show any remarkable difference.
Twenty-four hours after the treatment, the expression of the
p53 gene decreased strongly in kidneys, thymus and lymph
nodes in treated groups. Interestingly, twenty-four hours after
the treatment, in the bone marrow the expression of the p53
gene completely ceased.

The expression of the c-myc gene at 12 hours after the
MNU treatment was remarkably higher in lungs, lymph
nodes and bone marrow but lower in the liver, and especially
in the thymus compared to controls. Twenty-four hours after
the treatment, the expression of the c-myc gene was
diminished in both treated and untreated groups, with
expression in treated groups being lower in all tissues than
in the control groups (Figure 4).

Discussion

The molecular structure of MNU (Figure 1) explains its water
solubility, which in addition to its small molecular size leads
to the fast distribution of the molecule. The spontaneously
degrading nature of MNU could explain our observation that a
more enhanced effect was found 12 hours after its
administration than later. On the basis of our results, where
we could find early effect, one could assume that the molecule
acts in its unaltered form and does not need to be metabolized.
The elevation of the Ha-ras gene was observed both in bone
marrow and in lymph nodes (16). Hence the Ha-ras gene is
involved in the early phases of MNU-induced carcinogenesis.

As to the molecular mechanism of tumour induction by
MNU, there are different explanations in the literature.
Hoivik et al. were able to induce lymphomas in heterozygous
null p53 (+/–) mice with a single dose of MNU (17). It is
possible that p53 has a protective effect against the action of
MNU. In our experiments, the elevation of p53 expression
was conspicuous in the bone marrow.

Reese et al. emphasized the importance of the formation
of O6-alkylguanine after administration of MNU. DNA
alkyltransferase and p53 could exert a protective effect
(18). The mechanism of action of both of the alkylating
agents (MNU and DMBA) involves their conversion to the
active carbonium ion and subsequent methylation of
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Figure 1. Structure of MNU.



cellular macromolecules, usually DNA. MNU is a DNA
alkylating agent by formation of O6 methyl guanine
(O6mG) adducts (17-19).

Kang et al. found overexpression of the c-myc gene in
lymphomas induced by MNU (20). Moreover, weekly
treatment with MNU resulted in the increased incidence of
tracheal tumours in hamsters (21). According to Seidel et al.
T-cell leukaemia was induced in mice by MNU (22, 23). The

remarkable elevation of Ha-ras protooncogene after 12 hours
in lung, lymph nodes and bone marrow does correspond to the
results of long-term (from weeks to years) experiments (20).

Talcott et al. showed in their experiment that MNU
treatment significantly reduced the size of the thymus within
one day. This fact corresponds to our earlier finding in the
thymus. The expression of Ha-ras and c-myc genes
decreased after MNU treatment (24). In our earlier studies,
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Figure 2. Ha-ras gene expression pattern from the different tissues of CBA/CA mice at 12 and 24 hours after the treatment (the arbitrary unit is gene
expression as % of β-actin).

Figure 3. p53 Gene expression pattern from the different tissues of CBA/CA mice at 12 and 24 hours after the treatment (the arbitrary unit is gene
expression as % of β-actin).



CBA/Ca inbred mice were used in our onco/supressor gene
expression model, but there are more susceptible mice strains
available regarding the thymus effect of MNU treatment; in
the future we are planning to experiment on AKR mice to
gain more knowledge on the gene expression in the thymus
induced by MNU treatment (15, 22).

Although MNU is direct acting and spontaneously
degrades within an hour in vitro, and usually also in vivo, the
effect on gene expression by 24 hours is close to the initial
level (25). Our results 12 hours after the treatment imply that
the expression of p53 and c-myc correspond to those in the
literature; while in the target organs of carcinogenesis: bone
marrow, lymph nodes and lungs, the expression of p53
increased (which may refer to DNA damage) and therefore
the expression of c-myc in these organs consequently
decreased. A negative feedback of c-myc-regulated p53
expression is expected, which explains our previous finding
24 hours after treatment in lymph nodes and bone marrow,
while the expression of p53 decreased strongly under the
control, although the direct effect of MNU should be carried
through (26).

Indeed, DMBA is a metabolically activated carcinogen. The
major metabolite of DMBA, is an ultimate carcinogen, 7-
hydroxymethyl-12-methylbenz[α]anthracene (HMBA), which
is a benzylic carbonium ion generated from an exceptionally
reactive alkylating metabolite (27). In addition, an alkylating
electrophilic mutagen and carcinogen is formed from HMBA,
which is itself either an ultimate carcinogen or a direct
precursor of an ultimate carcinogen, i.e. a benzylic carbonium
ion. This corresponds to our earlier findings: the effect of
DMBA on the gene expression can be monitored at 24 and 48

hours after the treatment, while metabolic activation delays the
effect compared to the effect of MNU (16).

Regardless of the exact molecular mechanism of
tumorigenesis by MNU, it is important to state that in the
experiments mentioned above, a single initial dose was enough
to initiate tumour formation. According to our results, MNU
seems to have an impact on the expression of c-myc, Ha-ras
and p53 genes in 12 hours, especially in bone marrow. The
high expression of these genes could indicate MNU exposure
and that they take part in MNU-induced tumorigenesis.
Therefore, the investigation of the early events after the
administration of MNU could improve our knowledge about
the first steps of tumour formation.
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