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The dysregulation of beta-catenin, a key regulator of cadherin-mediated cell adhesion and crucial for embryonic
development and adult tissue processes, has been implicated in various cancers, including colon cancer. Meanwhile, there
have been longstanding concerns about the potential carcinogenic effects of magnetic fields. In this study, we investigated
the possible relationship between beta-catenin dysfunction and 50 Hz sinusoidal magnetic fields (SMF) using an animal
model of N-methyl-N-nitrosourea (MNU)-induced rat colon tumors. To assess beta-catenin phosphorylation, genomic DNA
was extracted from 58 samples using a commercial extraction kit, and the target gene region corresponding to an important
phosphorylation site of beta-catenin was amplified via polymerase chain reaction (PCR). The amplified samples were
subsequently analyzed using the single-strand conformation polymorphism (SSCP) method to detect any differences
between the experimental groups. Surprisingly, our results revealed no significant differences in beta-catenin gene
phosphorylation sites among the groups. These findings suggest that 50 Hz SMF exposure may not directly impact beta-
catenin dysfunction in the context of MNU-induced rat colon tumors. Implications of these results and avenues for further

research are discussed.
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Fifty Hz sinusoidal magnetic fields (SMFs) are a
common type of electromagnetic field emitted from
sources such as power lines, electronic devices, and
industrial equipment'. The potential health effects of
exposure to magnetic fields at this frequency,
particularly their association with cancer, have been a
subject of debate’. Some epidemiological studies
have suggested that exposure to 50 Hz magnetic fields
may increase the risk of cancer, including childhood
leukemia, brain tumors and lymphoma®’. However,
the results of these studies are inconsistent, and a
definitive cause-and-effect relationship has not been
established due to methodological limitations.
Experimental studies have demonstrated that 50 Hz
magnetic fields can affect the growth and spread of
cancer cells in cell cultures and animal models.
However, their direct applicability and clinical
significance in humans remain uncertain. Therefore,
the findings regarding the association between 50 Hz
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sinusoidal magnetic fields and cancer are a complex
topic that requires further research’.

Cancers of colon, rectum and anal are grouped as
colorectal cancers (CRC)’. Unhealthy lifestyles,
increasing levels of environmental pollution and
occupational hazards, use of contaminated syringes in
healthcare settings and infections such as HIV,
Hepatitis B and C in addition to genetics and ethnic
backgrounds have pushed Asia ahead of the West in
total number of cancer cases, particularly lung and
colorectal. With a share of 10.6%, colorectal cancer
ranks third most common cancer in Asia next only to
lung and breast cancer’. Epidemiological studies
indicate that colorectal cancer is more common in
Arab nations’, precisely, in societies with a diet high
in fat and low in fiber®. United States report 153,020
estimated new cases of CRC and 52,550 fatalities’.
Some familial cancer syndromes specifically increase
the risk of colon cancer, such as Familial
Adenomatous Polyposis Coli (FAP) and Hereditary
Non-Polyposis Colon Cancer (HNPCC)'’.
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Cell adhesion molecules play a crucial role in
development, cell differentiation, and carcinogenesis.
Wnt/B-catenin signaling is essential during embryonic
development and homeostasis in adult tissues.
B-Catenin, encoded by the CTNNBI1 gene, is a key
protein involved in cell adhesion. Dysregulation of
B-catenin leads to abnormal tissue architecture'' ™. In
the absence of Wnt ligands, B-catenin forms a
complex called the "B-catenin destruction complex”
with other proteins such as glycogen synthesis kinase 3,
casein kinase 1, adenomatus polyposis coli and axin'*".
Phosphorylation of B-catenin triggers its degradation,
while binding of Wnt ligands prevents this
degradation and allows B-catenin to accumulate in the
nucleus. In the nucleus, f-catenin interacts with T-cell
factor/lymphocyte enhancer factor and activates target
genes involved in cell growth and survival'®'.
Alterations in Wnt/B-catenin signaling have been
observed in various cancers, including colon cancer'™.
However, the specific role of Wnt/B-catenin signaling
in colonospheres remains unknown. Magnetic fields
have been a topic of controversy in terms of their
potential carcinogenic effects. Some studies suggest a
possible association between magnetic fields and
certain types of cancer'>*’. However, the relationship
between magnetic fields and colon cancer has not
been studied in detail. In this study, we investigated
the potential relationship between colon tumors and
50 Hz sinusoidal magnetic fields using the B-catenin
gene in an MNU-promoted colon tumor model.

Materials and Methods
Samples

We used 58 formalin-fixed paraffin-embedded
Wistar albino rat colon tissues that were obtained
from a previous study”. Briefly, the animals were
divided into 4 groups viz.: Control with sample codes
M1-M10 (n=10); M1-M24, SMF Group (n=14); M25-
M40, SMF+MNU Group (n=16); and M41-M58,
MNU Group (n=18). The sinusoidal magnetic fields
(SMF) and SMF+MNU groups were exposed to a
5 millitesla (mT), 50 Hertz (Hz) sinusoidal magnetic
field for 8 months. The preparation of the rat colon
tumor model, paraffin embedding procedure, and
magnetic field application are described in the
previous study®'.

DNA extraction

Formalin-fixed, paraffin-embedded (FFPE) colon
tissues were cut into 4 um thick slices and placed on
microscope slides. Then, the microscope slides were
immersed in clean xylene for 10 min twice, to remove

the xylene from the samples. Subsequently, the slides
were immersed in 100% ethanol for 10 min, twice, to
further remove any remaining xylene®. After the
deparaffinization step, the slides were allowed to dry
at room temperature (20-25°C). For DNA extraction,
the Qiagen Qiamp DNA FFPE Tissue Kit (Venlo,
Netherlands) was used, following the manufacturer's
instructions.

PCR amplification

DNA was amplified with primers designed to
produce a 150 bp product of the B-catenin gene
corresponding to functionally important phosphorylation
sites in B-catenin®. The forward primer sequence was
S'-ggagttggacatggccatgg-3', and the reverse primer
sequence was S5'-tccacatcctcttcctcagg-3'. Briefly, each
50 upL reaction mixture contained 5 uL of 10X
DreamTaq™ Green Buffer, 5 uL. of 2 mM dNTP Mix,
0.5 uM of each forward and reverse primer, 1 pg of
template DNA, and 1.25 U of DreamTaq™ DNA
Polymerase (Fermentase - Lithuania). Nuclease-free
water was added to bring the total volume to 50 pL.
After an initial denaturation at 94°C for 3 min, 30 cycles
of PCR were conducted as follows: 94°C for 30 s, 57°C
for 30 s, and 72°C for 60 s, followed by a final extension
at 72°C for 1 min*,

Single-strand conformation polymorphism (SSCP)

SSCP is used to observe any differences between the
4 groups. Genomic DNA was isolated as described
above. 10 puL of each PCR product was mixed with
10 pL of denaturing buffer (95% formamide, 10 mM
NaOH, 0.25% bromphenol blue, and 0.25% xylene
cyanol) and denatured by heating at 95°C for 10 min.
Subsequently, the samples were rapidly cooled on ice®.
The denatured PCR samples were run on a 12%
acrylamide/bis gel in 0.5X TBE buffer for 3.5 hours at
200 V at room temperature with a water cooling system.
After the electrophoresis, the gel was stained using the
silver staining method>.

Results

The PCR-SSCP analysis to identify potential
mutations in the beta-catenin gene in a colon cancer
model encountered some technical challenges. A total
of 15 samples from the experimental and control
groups failed PCR amplification due to issues arising
from the paraffin fixation methods. These failures
were eliminated from further evaluations. PCR
amplification was successfully performed on the
remaining 43 samples. However, no significant
difference was observed in the SSCP analysis among
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Fig. 1 — single-strand conformation polymorphism (SSCP) results of control and experiment groups; (A) Control Group; (B) SMF
Group; (C) SMF+MNU Group; and (D) MNU Group (First Lines is control lines).

these samples. The absence of a notable difference
between the groups was considered a crucial finding
to enhance the reliability of the procedures conducted.
The final distribution of the groups is as follows:
Control, 7 samples; 11 each for SMF and SMF+MNU
Groups; and 14 samples in MNU Group. SSCP
results are visualized in Fig. 1. Despite the technical
challenges of the PCR-SSCP method used to detect
mutations in the beta-catenin gene under the influence
of a 50 Hz magnetic field, these findings support the
reliability of the obtained data.

Discussion

Colon cancer is one of the most commonly
reported disorders associated with B-Catenin
dysfunction. Nuclear accumulation and excessive
activation of B-catenin play a critical role in the
pathogenesis of colon cancer. Activating mutations
disrupt the Wnt/B-catenin signaling pathway, leading
to aberrant cell proliferation and promoting the
growth of cancer cells’?’. B-Catenin protein, the
product of the CTNNBI gene, is an important
regulatory adhesion molecule that helps define cell
proliferation®**'. B-Catenin protein is known as a
regulator of cadherin-mediated cell adhesion, which
is an intercellular adhesion system™. The CTNNBI
gene has been identified as the gene that encodes
the B-catenin protein. This protein plays a significant
role in cell proliferation, differentiation, and vital
developmental processes®>". However, abnormal
functions of P-catenin are frequently observed in
various cancer types. Additionally, E-cadherin is an
important adhesion molecule that binds with f-catenin

in adherens junctions. Miscoding or dysfunction of
the CTNNBI gene has been reported in various types
of cancer, and it is frequently detected in human colon
cancer cases” >, N-Methyl-N-nitrosourea (MNU) is
a chemical agent widely used in experimental cancer
models. MNU can induce cancer formation by
alkylating DNA. The use of MNU in colon cancer
models provides an opportunity to investigate the
relationship between [-catenin dysfunction and
cancer development’”?®. Several studies have reported
frequent observations of excessive activation of
B-catenin in MNU-induced colon cancer models.
Mutations in the B-catenin gene, in particular, can
lead to the overactivation of the Wnt/B-catenin
signaling pathway and may play a significant role in
the pathogenesis of colon cancer’*’.

In this paper, we explored the relationship between
the B-catenin gene and the potential cancer-inducing
effect of magnetic fields on N-methyl-N-nitrosourea
(MNU)-induced rat colon tumor models. In a previous
study by our group, elevated E-cadherin expression
was observed in the nucleus and cytoplasm of the
SMF+MNU group”'. However, in the present study,
no differences were observed in the investigated
phosphorylation site of the f-catenin gene between
these groups and the control group. Shimizu and
colleagues investigated another phosphorylation site
of the PB-catenin gene in MNU-induced gastric
carcinomas”!. According to their study, MNU-induced
gastric carcinomas showed no changes in the
investigated phosphorylation site. As a result, the
MNU-induced colon tumor model that we used may
not be suitable for investigating B-catenin disorders.
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In this study, we conducted a comprehensive
investigation on the potential effects of 50 Hz
electromagnetic waves, a non-ionizing radiation type,
on the B-catenin gene in rat colon tumor models. Our
findings clearly demonstrated that exposure to these
electromagnetic waves did not result in any
significant alterations or disruptions in the expression
or functionality of the B-catenin gene within the tumor
models. Neither SMF nor MNU+SMF had an effect
on the investigated phosphorylation site of the
B-catenin gene. Some epidemiological studies propose
that exposure to 50 Hz magnetic fields may increase
the risk of cancer, such as childhood leukemia,
brain tumors and lymphoma. However, due to
methodological limitations and conflicting findings in
these studies, the results are not sufficiently
conclusive**. Experimental studies conducted on cell
cultures and animal models have demonstrated that
exposure to 50 Hz magnetic fields can influence the
growth and spread of cancer cells. However, the
direct applicability of these findings to humans
remains uncertain**,

Conclusion

In this study, exposure to 50 Hz electromagnetic
waves did not induce significant alterations or
disruptions in the expression or functionality of the
B-catenin gene within the tumor models. Neither SMF
nor MNU+SMF had an effect on the investigated
phosphorylation site of the P-catenin gene. Though
the results of this study provide valuable insights into
the safety profile of 50 Hz electromagnetic waves
regarding their impact on the molecular mechanisms
associated with the B-catenin gene, it only represents a
preliminary step in understanding the relationship
between electromagnetic waves and the p-catenin
gene. Further in-depth investigations are warranted to
explore potential interactions, mechanisms and long-
term effects. Future studies can focus on elucidating
other molecular pathways, evaluating different
exposure durations or intensities, and examining
additional cancer models to enhance our understanding
of the broader implications and mechanisms underlying
the effects of electromagnetic waves on genetic
regulation.
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