
Abstract. Background/Aim: Development of malignant
tumors is preceded by molecular biological events. Our aim
was to establish an assay panel by using miRNAs and other
genes for the rapid screening of potential carcinogens or
chemopreventive agents. Materials and Methods: Six male and
6 female CBA/Ca mice received 20 mg/bwkg 7,12-
dimethylbenz(α)anthracene (DMBA) intraperitoneally, and 24
h later RNA was isolated from parenchymal organs. Expression
of miR-330, miR-29a, miR-9-1, miR-9-3 and mTORC1 was
analysed by real time polymerase chain reaction and compared
to non-treated controls. Results: DMBA caused significant
alterations in the expression of the studied genes. The most
profound changes were the strongly elevated miR-9-3 and
mTORC1 expressions in female mice in all organs studied.
Conclusion: miR-9-3 and mTORC1 expression in female mice
were found to be the most suitable biomarkers for rapid
identification of possible carcinogenic effects. 

According to estimates, in 2018 there were 18.1 million new
malignant cancer cases and 9.6 million cancer deaths (1).
According to WHO data, 30-50 % of all malignant tumors
could be prevented (2), and early diagnosis would usually
increase the chance of successful treatment.

The development of most malignant tumors is preceded by
molecular biological events such as changes in gene expression
patterns. During this period clinical symptoms do not appear,
so, it is difficult to identify any signs of the carcinogenic
process. Identification of tumor development based on
mutations, chromosome aberrations and/or the phenotypic
appearance of the disease is costly, time-consuming and often
delayed. Therefore, development of comprehensive biomarker
assays to detect the harmful effects of carcinogenic substances
as early as possible is of great interest.

Conventional carcinogenecity examination methods - like
the Ames test, that is applicable to detect mutations - are
based on genotoxicity and show mutagenicity at chromosome
or gene levels (3). However, changes in gene expression can
signal damages caused by a much wider range of
carcinogenic compounds (as well as by ionizing radiation)
both in cell cultures and in vivo animal models. Within this,
mapping of the effects of microRNAs (miRNAs) provides the
possibility to recognize details of relevant regulatory
pathways and the functions of mutually regulated miRNAs,
as well as the modifications and the physiological processes
reflected by their patterns of expression, even as biomarkers.
Biomarkers providing early (24-48 h) identification of
possibly tumorigenic agents may play an important role in the
deeper understanding of carcinogenic processes. Finally,
using them as tools for primary, secondary and tertiary
prevention they can open up new possibilities in further
reduction of cancer incidence or mortality rates. 

The miRNAs are small, 19-22 nucleotide length single
stranded RNA molecules. Via their binding to the
corresponding 3’ UTR of mRNAs, they influence the
translation process and protein synthesis. miRNAs regulate
the expression of approximately 30-50% of the human genes
(4, 5), thereby influencing important biological processes

2337

This article is freely accessible online.

Correspondence to: András Tomesz, Department of Public Health
Medicine, Medical School, University Of Pécs, H-7624 Pécs, Szigeti
Street 12, Hungary. Tel: +36 207772812, e-mail: tomesza@gmail.com

Key Words: Gene expression, microRNA, carcinogenicity, 7,12-
dimethylbenz(α)anthracene, DMBA, miR-330, miR-29a, miR-9-1,
miR-9-3, mTORC1.

in vivo 34: 2337-2343 (2020)
doi:10.21873/invivo.12046

Effect of 7,12-Dimethylbenz(α)anthracene 
on the Expression of miR-330, miR-29a, miR-9-1, 
miR-9-3 and the mTORC1 Gene in CBA/Ca Mice
ANDRAS TOMESZ1,2, LASZLO SZABO1,2, RICHARD MOLNAR1,2, ARPAD DEUTSCH1, 

RICHARD DARAGO1, DOMOKOS MATHE3, FERENC BUDAN2,4,
NOWRASTEH GHODRATOLLAH2, TIMEA VARJAS2, BALAZS NEMETH2 and ISTVAN KISS2

1Doctoral School of Health Sciences, Faculty of Health Sciences, University οf Pécs, Pécs, Hungary;
2Department of Public Health Medicine, Medical School, University οf Pécs, Pécs, Hungary;

3Department of Biophysics and Radiation Biology, Semmelweis University, Budapest, Hungary; 
4Institute of Environmental Engineering, University of Pannonia, Veszprém, Hungary



like cell cycle (6), differentiation or apoptosis (7). It is
noteworthy, that many miRNAs are present in fragile
genomic regions and in malignant tissues they mostly display
altered expression patterns (8, 9). Certain miRNAs are direct
targets of oncoproteins or tumor suppressor proteins, for
example the p53 tumor suppressor protein regulates the
expression of miR-34 through a p53-responsive element
upstream of the miR-34 locus (10, 11). Others directly
regulate the expression of oncogenes and/or tumor
suppressor genes, such as miR-199a that regulates the MET
proto-oncogene (12). Furthermore, several microRNAs, e.g.
miR-134, are involved in the proliferation of tumor cells, in
apoptosis, invasion and metastasis (13). Evidence based on
experimental studies and clinical histological sample analysis
suggests that miRNAs in the serum are relatively stable and
could serve as potential biomarkers for the detection of
different tumors and other diseases (14).

A wide variety of potentially carcinogenic and anti-
carcinogenic agents are known. 7,12-dimethylbenz(α)
anthracene (DMBA) is a commonly occuring environmental
polycyclic aromatic hydrocarbon that, acting as a mutagene, is
capable of exerting a carcinogenic effect, that can be tested both
in cell culture and in vivo animal models (15, 16). DMBA is
activated by cytochrome P450 metabolizing enzymes (17, 18),
and then it may participate in the early stages of carcinogenesis,
i.e. in the initiation and the promotion (19). Previous studies
have demonstrated that DMBA affects the expression of H-RAS,
C-MYC and TP53 genes even 24-48 h after treatment, which
can thus be used as early biomarkers (20).

Our aim was to establish an assay panel by using miRNAs
and other genes, that can be used for the rapid screening of
potential carcinogens, or anticarcinogenic substances.
Therefore, in the present study experimental animals were
exposed to DMBA and the expression levels of miR-330,
miR-29a, miR-9-1, miR-9-3 were examined. These miRNAs
have already been reported to exhibit altered expression in
several malignant tumors and through different signaling
pathways they play a role in the regulation of oncogenes or
tumor suppressor genes, cell growth, proliferation, invasion,
migration, metastasis or apoptosis (21-26). Besides the
mentioned microRNAs, we also examined the expression of
the mTORC1 gene. Activating mutations in mTORC1 have
been identified in a wide range of human cancers and as one
of the central regulators of cell growth, it has a key role in
the development of malignant tumors, cardiovascular
diseases, obesity or diabetes (27, 28). Our hypothesis was that
the altered expression patterns of the studied miRNAs and
mTORC1, as biomarkers, may indicate early damages caused
by DMBA. In order to explore this, parenchymal organs of
CBA/CA mice, i.e. the spleen, liver and kidneys were
examined after exposure to DMBA. Thus, we can further
understand the supposed roles of these miRNAs and
mTORC1 in tumorigenesis and we can evaluate their potential

use as early biomarkers by developing an assay panel for
identification of early signs of carcinogenic processes.

Materials and Methods
During the test we used two groups of 6-8 weeks old CBA/Ca mice.
Both the control and the DMBA treated group consisted of 12 mice (6
males and 6 females). The DMBA treated group received 20 mg/kg/bw
DMBA intraperitoneally disolved in 0.1 ml corn oil (Sigma), while the
control group received 0.1 ml corn oil only. Following a 24 h exposure
to DMBA, the mice were sacrificed by cervical dislocation, the liver,
kidneys and spleen were removed and RNA was isolated from them as
described below. Mice received humane care in accordance with the
appropriate guidelines concerning laboratory animals, and the
experiment was conducted according to the current ethical permission
(Ethical permission no.: BA02/2000-79/2017).

RNA isolation. Total cellular RNA was isolated using TRIZOL
reagent (Thermo Fisher Scientific, Waltham, MA, USA) according
to the manufacturer’s instructions. The quality of RNA was
examined by NanoDrop absorption photometry and for RT-PCR
process only RNA fractions with A >2.0 at 260/280 nm were used.

Reverse transcription polymerase chain reaction (RT-PCR). One-
step PCR, including reverse transcription and target amplification,
was performed using Kapa SYBR FAST One-step qPCR kit (Kapa
Biosystems, Wilmington, MA, USA) in a 96-well plate, on a
LightCycler 480 qPCR (Roche Diagnostics, Indianapolis, IN, USA)
platform.

The temperature program was set as follows: 5 minutes
incubation at 42˚C followed by a 3 min incubation at 95˚C, then 45
cycles were performed (95˚C – 5 s, 56˚C – 15 s, 72˚C – 5 s) and a
fluorescent reading was made at the end of each cycle. In each run
melting curve analysis (95˚C – 5 s, 65˚C – 60 s, 97˚C ∞) was
performed to strengthen the specificity of the amplification. The
reaction mixture was included: 10 μl KAPA SYBR FASTqPCR
Master Mix, 0.4 μl KAPA RT Mix, 0.4 dUTP, 0.4 μl primers, 5 μl
miRNA template supplemented with sterile double-distilled water
to a total volume of 20 μl.

Primer sequences of the mTORC1 gene and of the examined
miRNAs (miR-330, miR-29a, miR-9-1, miR-9-3) and the internal
control (mouse U6 gene) are summarized in Table I. Primers were
synthetized by Integrated DNA Technologies (Leuven, Belgium),
sequences are from previous publications (29, 30).

Calculations and statistical analysis. Relative miRNA expression
levels were calculated and compared using the 2-ΔΔCT method.
During the statistical analysis distributions and variances were
tested using the Kolmogorov-Smirnov Levene’s test, and T-probe to
compare averages. IBM SPSS 21 (Armonk, NY, USA) statistical
software was used for calculations and analysis. We determined the
level of statistical significance at p-value<0.05.

Results

Changes in miRNA and mTORC1 gene expression in the
liver after DMBA treatment. Twenty-four hours after
treatment, DMBA-induced changes could be observed in the
expression of the examined miRNAs and the mTORC1 gene.
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In comparison with the control group, we found
statistically significant (p<0.05) changes in the expression of
miR-29a, miR-9-1, miR-9-3 and mTORC1 in the liver of
DMBA-treated female mice. DMBA treatment resulted in an
increase in the expression of miR-29a, miR-9-3 and
mTORC1, and in a decrease in the expression of miR-9-1, as
it is shown in Figure 1. Compared to controls the biggest
difference was observed for miR-9-3 (329%).

In males, the changes in miR-330, miR-9-1 and miR-9-3
were statistically significant (p<0.05). While miR-330 showed
an increased expression, miR-9-1 and miR-9-3 showed
decreased expression (Figure 2). Compared to controls the
biggest difference was observed for miR-330 (184%). 

Changes in miRNA and mTORC1 gene expression in the
spleen following DMBA treatment. In the spleen of female
mice, DMBA induced a statistically significant change in the
expression (p<0.05) of miR-9-3 and mTORC1 genes
compared with the control group (Figure 3).

As it is shown in Figure 3, both the examined miRNAs
and mTORC1 showed an increased expression as the result

of DMBA treatment, and the biggest difference was found in
miR-9-3 (130%).

The results on the expression of miR-330 and miR-29a
were statistically significant in the spleen of males
(p<0.05). While miR-330 showed increased expression,
miR-29a showed decreased expression upon DMBA
treatment (Figure 4). The strongest effect was observed for
miR-330 (456%). 

Changes in miRNA and mTORC1 gene expression in the
kidney following DMBA treatment. Figure 5 illustrates that
DMBA treatment lead to statistically significant changes in the
expression (p<0.05) of mTORC1 and miR-330, miR-9-1 and
miR-29a in the kidney of females. We found an elevated
expression of both miRNAs and mTORC1 as a result of
DMBA treatment, compared with the control group. The
difference was particularly strong in the case of miR-9-1
(332%).

With the exception of miR-29a, decreased expressions
were observed in the kidney of males, particularly miR-9-1
where the difference was the highest (-88%). However,
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Table I. Primer sequences (5’-3’) of the mTORC1 gene, the examined miRs (miR-330, miR-29a, miR-9-1, miR-9-3) and the internal control gene
(mouse U6).

Forward Reverse

miR-330 GACCCTTTGGCGATCTCTG CTGTGCTTTGCTCGTTGGAT
miR-29a CCCCTTAGAGGATGACTGATTTC AACCGATTTCAGATGGTGCT
miR-9-1 CGGGGTTGGTTGTTATCTTT TGGGGTTATTTTTACTTTCGGTTA
miR-9-3 GCCCGTTTCTCTCTTTGGTT TCTAGCTTTATGACGGCTCTGTGG
mTORC1 AAGGCCTGATGGGATTTGG TGTCAAGTACACGGGGCAAG
mouse U6 CGCTTCGGCAGCACATATAC TTCACGAATTTGCGTGTCAT

Figure 1. Gene expression results after 24 h in the liver of females
compared to non-treated mice. In case of miR-29a and mTORC1, p<0.05,
as well as in miR-9-1 and miR-9-3, p<0.001. *p<0.05, ***p<0.001.

Figure 2. Gene expression results after 24 h in the liver of males
compared to non-treated mice. In case of miR-330, miR-9-1 and miR-
9-3, p<0.05. *p<0.05.



statistically significant results were found only in the cases
of miR-330 and miR-9-1 (Figure 6).

Discussion

miR-330: As a result of DMBA treatment a smaller increase
in the expression of miR-330 tumor suppressor was observed
in the spleen and liver of female mice than in male mice. This
may be due to the high expression of the proapoptic
Phosphatase and tensin homolog (PTEN) tumor suppressor
gene in the absence of testosterone (31), the gene product of
which reduces the oncogenic effect of MYC proteins highly
expressed due to DMBA treatment (19). The decrease in the
oncogenic effect of the MYC protein family is known
regarding the Inhibitor of growth protein 4 (ING4) (32),
however, miR-330 inhibits the expression of ING4 gene and –
from this point of view – it may even have a tumor promoting
effect (33).

The increase in the expression of miR-330 tumor suppressor,
measured in the kidney of female mice, is consistent with the
observation, that it counteracts the estrogen-induced risk
increase for renal cell carcinoma (RCC) (34). However, it is
known that in DMBA-induced hypercholesterolemia (35) the
levels of low-density lipoprotein (LDL) cholesterol increase,
which may consequently lead to decreased expression of the
LDL receptor gene (LDLR), whereas LDLR and miR-330 cross-
regulate each other’s expression (36).

Based on our results and literature data, it can be
concluded that the expression levels of miR-330 could be
used as a biomarker mainly in male animals. However,
according to literature data due to the multifaceted effects of
sex hormones and because of the regulation by a negative
feedback mechanism, the use of miR-330 expression as a
biomarker is questionable.

miR-29a: DMBA increases the levels of transforming
growth factor beta 1 (TGF-β1) which in turn, decreases the
expression of miR-29a (37, 38). However, in addition to the
oncogenic effect of TGF-β1, the opposite effect (observed e.g.
in hepatocytes) as tumor suppressor has also been described
(39, 40). For example, Zhang et al. have found in a mouse
model that spontaneous tumor formation occurs in the absence
of TGF-β1 (41). The various manifestations of the effects of
TGF-β1 are explained by the ability of miRNAs to regulate
TGF-β1 levels (42), which in the case of miR-29a tumor
suppressor presumably occurs in the form of mutual cross-
regulation. This shows that regulatory factors other than miR-
29a may have a stronger effect on the TGF-β1-mediated
effects of DMBA.

According to data from the literature, miR-29a is involved
in a wide range of cellular biological processes which are
still not fully explored. Considering that a significant
decrease in miR-29a expression was observed only in the
spleen of males, and that the mechanism of regulation is
complex, apparently contradictory and is still unexplored, the
expression of miR-29a, as a biomarker, is not relevant in the
animal model we describe in this article.

miR-9-1 and miR-9-3: According to literature data, miR-9
inhibits the progression of hepatocellular carcinoma (HCC) as
tumor suppressor, and furthermore, the expression of miR-9-1
has been shown to be significantly reduced in HCC tissues and
negatively correlated with the overall survival of HCC (43, 44).
It is known, that silencing of miR-9-1 enhances the expression
of oncogenes induced by the RUNX1-RUNX1T1 transcription
factor complex regulated by miR-9-1 (23). Furthermore, the
miR-9 decrease has been shown to be an early biomarker for
the development of various malignancies, such as breast cancer
(45). Acting as transcription factors, MYC and MYCN
oncoproteins directly bind to a MYC binding site in the miR-9-
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Figure 3. Gene expression results after 24 h in the spleen of females
compared to non-treated mice. In case of miR-9-3 and mTORC1,
p<0.001. ***p<0.001.

Figure 4. Gene expression results after 24 h in the spleen of males
compared to non-treated mice. In case of miR-330, p<0.05, while in
case of miR-29a, p<0.001. *p<0.05, ***p<0.001.



3 locus (with an increased expression due to DMBA) and may
increase miR-9 expression in tumor cells, that (in this case
acting as promoter of oncogenes) induces a further increase of
c-MYC through the amplification of E-cadherin, thus promoting
the development of hepatocellular carcinoma (46, 24).

This finding is supported by the fact that we found
significant difference between miR-9-1 and miR-9-3
expression in the liver tissue of female subjects.

Twenty-four hours after DMBA treatment expression of
miR-9-3 was increased in each tested organs of female mice,
despite the protective effect of estrogen, while that of miR-
9-1 was decreased in the liver. As it could be expected, miR-
9-3 can be well used as a biomarker in the case of female
mice according to our own study, as well. Thus, by studying
miR-9-3, and extending the experimental design by
complementing DMBA treatment with presumably
chemopreventive agents, new molecular epidemiological
relationships are likely to be discovered.

mTORC1: Mutations in mTOR can be found in a wide
range of human malignant tumorous diseases, in agreement
with the proven tumor promoting effect of mTOR (27, 47).
The activation of mTOR signaling induces several oncogenic
processes, including promotion of the growth, survival and
proliferation of cancerous cells (48). mTORC1 mediates cell
proliferation stimulated by growth factors such as insulin-
like growth factor (IGF) (28). In DMBA-induced breast
tumors high levels of transforming growth factor α (TGFα),
IGF-1 and probably IGF-2 at the mRNA levels can be
related to the effect of estrogen (49). The potential oncogenic
role of mTORC1 has also been demonstrated in our model.
We also found that due to the effect of DMBA, mTORC1
expression increased in female mice, in contrast to expected
decrease due to the PTEN gene expression (31), as PTEN is
an inhibitor of mTORC1. This inhibition lacks a direct

negative feedback (28), so a more distant negative feedback
regulatory mechanism could exist.

Despite our expectations, mTORC1 gene - whose cancer
promoting mechanisms are supported by literature data - has
not shown significant changes in male mice. However, the
expression of mTORC1 gene showed significant increase in
the liver, spleen and kidneys of females as a result of DMBA
treatment. Therefore, expression of the mTORC1 gene in
females in the model used in the present study appears to be
applicable for testing carcinogens.

In summary, consistent and significant changes toward the
same direction in all the three studied organs were observed
in the case of miR-9-3 and mTORC1 genes in female mice.
The expression patterns were somewhat different in males
which may be due to sex-specific hormonal differences (such
as the effects of estrogen and testosterone) that require
further investigation. Thus, the interpretation of miR-330,
miR-29a and miR-9-1 gene expression changes seems to be
rather complex, while miR-9-3 and mTORC1 genes in
females were found to be suitable for the rapid screening of
potential carcinogens. The same model can be used later to
study chemopreventive effects as well by the simultaneous
use of DMBA and supposed chemopreventive agents,
measuring to what extent these agents are able to
reduce/prevent the DMBA-induced gene expression changes.

While gene expressions are sensitive biomarkers, and in
contrast to classic genotoxicity tests they are able to detect
minor/early signs of carciongenic exposures, sometimes they
might be influenced by potential confounders. Our results also
emphasize that early carcinogenecity testing requires a careful
selection of the test system, since hormonal differences can
substantially influence gene expression patterns. In order to
create a robust assay panel designed for our purposes, additional
genes need probably to be tested.
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Figure 5. Gene expression results after 24 h in the kidney of females
compared to non-treated mice. In case of miR-9-1, p<0.05, as well as
in miR-330, miR-9-3 and mTORC1, p<0.001. *p<0.05, ***p<0.001.

Figure 6. Gene expression results after 24 h in the kidney of males
compared to non-treated mice. In case of miR-330, p<0.05, while in
miR-9-1, p<0.001. *p<0.05, ***p<0.001.
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