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Abstract

@O0

EY MG RO

Changes in the expression levels of genes responsible for synthesis-destruction of elastin-collagen and the occurrence of lung diseases are in correlation. Although,
diabetes-related complications are important health problems, the mechanism by which diabetes exerts this effect is unclear. On the other hand, although the effect of
pulsed magnetic field (PMF) in lung diseases has been shown, its mechanism of action is unknown. The study aimed to determine the effects of PMF on the key regulator
elements of the synthesis-destruction of elastin-collagen at the transcriptional level. Rats were divided into groups as control, control + PMF 10Hz, diabetes, diabetes +
PMF 10Hz. PMF groups were exposed to 10 Hz PMF for four weeks. In diabetic conditions, ELN, ELANE, and COL1A1 genes were dysregulated at the transcriptional
level as their levels were 14.23+2.56; 7.62+1.37 and 0.24+0.04, respectively. Dysregulated ELN gene expressions were decreased to 6.17+1.97 by PMF application. There
were no meaningful changes in gene expressions in control + PMF 10 Hz groups. The present study shows that ELN, ELANE, and COL1A1 may play a key role at the
transcriptional level in the mechanism of diabetic-lung diseases. In addition, it may be said that “PMF shows its effect by re-regulating the expression level of ELN gene
in diabetic lung tissues”. In future studies, ELN gene-targeted PMF application methods may be developed. Moreover, PMF application might not affect the genes that are
responsible for elastin-collagen synthesis-destruction in healthy lungs when the PMF is applied on different tissues for the treatment of various diseases.
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Introduction

Extracellular matrix (ECM) of lung tissue has a pivotal role in
the maintaining of a healthy and functionally lung by its major
components, elastin, collagen, and proteoglycans. They provide
biomechanical properties of the lungs such as tensile strength,
elasticity, and compliance [1-3]. Given the importance of critical
roles, it is not surprising to say that their destructions, abnormal
accumulations, or changes in their proportional compositions cause
some lung diseases such as pulmonary fibrosis, emphysema, and
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chronic obstructive pulmonary disease (COPD) [4-6]. Therefore,
the balance between the synthesis and destruction of elastin and
collagen tissue should be in a constant manner for maintaining
a proper healthy lung. On the other hand, dysregulations at the
transcriptional levels of the coding genes of ECM synthesis and
destruction proteins such as ELN (elastin), COL1A1 (collagen),
ELANE (elastase), and MMP-1 (Matrix metalloproteinase 1),
MMP-13 (Matrix metalloproteinase 13) are highly correlated
with these diseases [7-10]. Considering the new treatment
methods based on targeting RNA regulation [11], it is thought the
modulation of these dysregulated genes to the normal level could
be important for treatment of lung disease or preventing from them.

Diabetes mellitus, a complex and global medical problem
worldwide, is one of the leading causes of death [12]. In addition,
approximately %25 of the total health expenditures are spent on
diabetes in the USA [13]. Therefore, preventing or treating the
effects of diabetes and its related complications is highly crucial.
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Diabetes causes serious complications by affecting many different
systems and their subsystems in the body [14]. Diabetes can cause
and increase the risk for lung diseases such as COPD pulmonary
fibrosis, emphysema, or decreased lung function, though the exact
molecular mechanism by which diabetes leads to these diseases is
unknown, yet [15-18].

Pulsed magnetic field (PMF) application, a non-invasive and
relatively cheap method, is widely used in the treatment of many
diseases including neuropathic pain, bone healing, and nerve
regeneration [19,20]. Its efficiency has also been demonstrated for
lung diseases that PMF increased the functional capacity of lung
tissue in COPD patients and also showed its therapeutic effect on
patients with bronchial asthma child [21,22]. Although the PMF
has been put forward as an alternative complementary method for
the treatment of lung diseases, the exact mechanism by which PMF
affects the lung tissue is still unknown. The present study aimed to
primarily reveal the mechanism of action of PMF in the diabetic
lungs by focusing on the transcriptional levels of the key elements
of ECM in the lung tissue. Because PMF application modulates
the gene expression levels and shows its therapeutic effect by
regulating certain genes at the transcriptional level [23], it was
hypothesized that PMF regulates the genes involving the synthesis
and destruction of elastin and collagen in diabetic conditions.

Moreover, the effect of PMF on the gene expression levels of
elastin-collagen synthesis and destruction elements which should
be strongly balanced in healthy patients is also unknown. Because
PMF is getting more used for the treatment of diseases apart from
lung diseases, it’s highly important to determine its effect on
gene expression levels of ECM structures in healthy individuals.
Therefore, the present study focused to determine the effects of
PMF on the ECM balance of lung tissue at the transcriptional level
in both diabetic and control tissues.

Materials and Methods

All animal procedures and animal care of the study were approved
by the local ethic committee of Cukurova University the Faculty
of Medicine Experimental Medicine Research and Application
Center, Turkey (Approval No:24.08.2017-7).

Experimental groups and diabetes mellitus model

In the present study, 32 Wistar Albino rats were divided into 4
groups (n=8) as; Control, Control + PMF 10Hz, Diabetes, and
Diabetes + PMF 10Hz and used as experimental animals. To
create an experimental diabetes model, a single dose of (45 mg/kg)
streptozotocin (STZ) (Sigma S0130) was injected intravenously
through the tails of rats in diabetes groups, as described before [24].
Rats belonging to control groups were injected with equivalent
physiological saline. Diabetes mellitus is highly correlated with
hyperglycemia, and rats with high blood glucose concentration
(>250 mg/dl) are described as diabetic [25]. Therefore, the blood
glucose levels of each rat were measured regularly, starting 3 days
after injections, every week using a glucometer until the end of the
PMF applications.

Pulsed magnetic field application

In the present study, magnetic field applications were carried
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out throughout a similar system that was used before [26]. Rats
in magnetic fields groups (Control + PMF 10Hz and Diabetes +
PMF 10Hz) were exposed to 1.5 mT, 10Hz PMF for an hour a
day for 4 weeks. 1.5mT PMF was used because of its previously
demonstrated therapeutic efficiency [26]. The applied magnetic
field program consisted of four consecutive trains, each with have
4 min duration with 1 min interval, that was repeated 3 times for
an hour. During the magnetic field applications, 4 rats were kept
in containers.

Tissue preparation

Animals were euthanized with high-dose isoflurane inhalation
after 4 weeks of magnetic field applications. With the help
of sterile surgical instruments, the lung tissue of each rat was
dissected, removed, and cleaned in PBS medium. After the shock
freezing processes performed in liquid nitrogen, the tissues were
labeled and stored at 80°C until the further subsequent analysis.
Lung tissues stored under suitable conditions were homogenized
using Nucleosol (Macherey-Nagel, Duren, Germany) solution in
a Dounce homogenizer (Sigma, D8938), and RNA isolation was
carried out by considering the instructions of the kit manufacturer.
The concentration of the isolated RNA samples measured by
using a Nanodrop (Nanodrop 2000c, Thermo Scientific, USA),
was in a range between 1.5-7 ug/ul. Therefore, each RNA
sample was diluted to 1 pg/ul with RNase free-water to use at
cDNA synthesis. Because it's highly vulnerable to degradation,
isolated RNA samples were immediately converted to cDNA.
For this purpose, High-Capacity cDNA Reverse Transcription Kit
(Applied Biosystems, CA, USA) was used by taking into account
the instructions of the kit manufacturer. The cDNA samples were
stored at -20°C to be used in further gene expression analysis.

Real-time PCR experiments

In the present study, targeted genes (ELN, ELANE, COLI1AI,
MMP-1, and MMP-13) which play a crucial role in balancing
between synthesis and destruction of lung extracellular matrix,
expression levels were determined by analyzing the real-time PCR
experiments. The primer pairs that amplify targeted gene regions
were designed by considering certain criteria [27]. Moreover, a
GAPDH gene was also used to normalize the gene expression
data. Table 1 shows the primers used in the present study.

Ct (Cycle threshold) values belonging to target genes in each group
were obtained by real-time PCR experiments using synthesized
cDNA, designed primers, and GoTaq qPCR master mix (Promega,
WI, USA). After the preparation of the reaction mix considering
the kit’s manual, the mix was exposed to the following thermal
conditions; 95 °C for 2 min for a cycle, 95 °C for 15s, and 60 °C for
the 60s for 40 cycles in Biorad CFX96 thermal cycler. To get melt
curves, the temperature was gradiently increased from 60 °C to 95
°C at the end of the RT-PCR reaction. In addition, gene expression
levels of each group were determined by the comparative delta-
delta CT method (2-AACY) [28].

The experimental procedure of the study is briefly demonstrated
in Figure 1.
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Table 1. Primers used in the real-time PCR experiments
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Primer name Primer sequence (5°—3’) Amplification Length NCBI accession code
R-ELNF GTAGGCCTTGGAGGTGTGTC
199 bp NM_012722.1
R-ELNR CATAGGGCTTCGGGGGTTTT
R-ELANEF CTTTGAGAACGGCTTTGACC
211 bp NM_001106767.1
R-ELANER CACATTGAGCTCTTGGAGCA
R-COL1A1F GAGAGAGCATGACCGATGG
284 bp NM_053304.1
R-COL1A1R AGTTCCGGTGTGACTCGTG
R-MMP1F ACAGTTTCCCCGTGTTTCAG
224 bp NM_001134530.1
R-MMPIR CCCACACCTAGGTTTCCTCA
R-MMP13F ACCCAGCCCTATCCCTTGAT
215 bp M_133530.1
R-MMP13R GGCCCAGAATTTTCTCCCTCT
R-GAPDHF AAGATGGTGAAGGTCGGTGT
178 bp NM_017008.4
R-GAPDHR TGACTGTGCCGTTGAACTTG
Statistical Analyses As a result of the analyses of the real-time PCR experiments, it

One-way ANOVA analyses with the posthoc Tukey’s test
were performed using GraphPad 7.0 (GraphPad Software,
San Diego, CA) to determine the difference between groups.
Based on the Brown-Forsythe test the homogeneity of variances
assumption has been met (p<0.05), and the Shapiro-Wilk test
showed that there is no deviation from the normality assumption
(p<0.05). Moreover, p<0.05 was set as the significance level.

Rats (n=32)

l l l ST niection

Control (n=8) Control + PMF 10Hz Diabetes Diabetes + PMF
(n=8) (n=8) 10Hz (n=8)
@ PMF @ PMF
Application Application
Control (n=8) Control + PMF 10Hz Diabetes Diabetes + PMF
(n=8) (n=8) 10Hz (n=8)
Tissue
Preparation
Real-Time PCR
Experiments

Figure 1. Diagram demonstration of the method section in the study
Results

In the present study, hyperglycemia (blood glucose level >250
mg/dl) was developed in each rat belonging to diabetes groups,
from starting 3rd days of STZ injection. This diabetic condition
continued until the end of the PMF applications. Blood glucose
levels of control groups were in a normal physiological range of
80-100 mg/dl during the whole experimental procedure.

ELN, ELANE, COL1A1, MMP-1, and MMP-13 relative gene
expression levels belonging to each group were obtained by
comparing them with that of control’s (Figure 2-6). Table 2 is also
demonstrated the gene expression data values.

was determined that the ELN gene expression level in the diabetes
group was highly and significantly increased when compared with
that in controls (p<<0.05) (Figure 2). On the other hand, 10 Hz PMF
application (Diabetes + PMF 10 Hz group) reversed this effect and
the ELN gene expression level significantly decreased compared
with the untreated diabetes group (p<0.05). In addition, PMF
application to the healthy group (Control + PMF 10 Hz group) did not
make any significant difference when compared to the control group.
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Figure 2. ELN gene expression levels of each group.“*”p<0.05 vs. control
group,”’&“p<0.05 vs. control + PMF 10 Hz group,“#p<0.05 vs. diabetes group.
Data are presented as mean = SEM (n=8)

Similar results were obtained when analyzed ELANE gene
expression levels between groups (Figure 3) as the gene expression
level was significantly increased in diabetic condition when
compared to the control group (p<0.05). PMF application reversed
and decreased its expression in the diabetes + PMF 10 Hz group,
however, the decrease was not significant. Although the PMF
application increased the ELANE gene expression level in healthy
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groups, the change was not statistically significant as compared to
the control’s level.
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Figure 3. ELANE gene expression levels of each group.“*”p<0.05 vs. control
group,”&“p<0.05 vs. control + PMF 10 Hz group. Data are presented as mean+SEM
(n=8)

The gene encoding collagen tip I protein, COL1A1 gene expression
level significantly decreased in both diabetes and diabetes + PMF
10 Hz group when compared to the control group (p<0.05) (Figure
4). However, PMF exposure did not make any significant difference
in diabetic conditions when compared with that in the diabetes
group. Although COL1A1 gene expression level decreased in
healthy individuals by PMF application, the difference was not
significant as compared to the control group.
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Figure 4. COL1A1 gene expression levels of each group.
group. Data are presented as mean = SEM (n=8)

p<0.05 vs. control

Statistical analyses of the result of RT-PCR experiments revealed
that MMP-1, which encodes collagenase, gene expression level
increased in the diabetes group, but the change was not significant
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(Figure 5). In addition, magnetic field applications in both control
and diabetes groups did not make any significant difference when
compared to their control groups.
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Figure 5. MMP-1 gene expression levels of each group. Data are presented as
mean = SEM (n=8)

MMP-13, another collagenase encoding gene, expression
levels increased in diabetic conditions but the change was not
statistically significant (Figure 6). PMF application decreased this
expression level under the control’s level but the change was not
also statistically significant. As similar, the PMF application did
not change the gene expression level in the control group.
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Figure 6. MMP-13 gene expression levels of each group. Data are presented as
mean = SEM (n=8)

Melting curve graphics obtained at the end of the real-time
PCR experiments for each primer pair are also demonstrated
in Figure 7. The melt curve analyses clearly show that primers
used in all targeted gene expression, are specific and give specific
amplification without the formation of primer-dimer.
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Table 2. Relative gene expression data values of each gene. Data are mean + SEM, n=8.

Gene Control

Control+PMF 10 Hz

Diabetes Diabetes + PMF 10 Hz

ELN 1.17+0.4

1.27+0.31

14.2342.56(*.&) 6.17+1.97(#)

ELANE 1.002+0.06

2.41+0.48

7.62+1.37(*.&) 5.67+0.42(*%)

COL1A1 1.044+0.29

0.74+0.31

0.24+0.04(*) 0.28+0.14(%)

MMP-1 1.056+0.19

1.189+0.11

1.705+0.24 1.71240.61

MMP-13 1.107+0.37

0.87+0.43

1.645+0.10 0.62+0.44
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Figure 7. Melting curve plots were obtained after amplification of each gene (given
as change in relative fluorescence unit versus temperature)

Discussion

The present study was conducted to investigate (1) to determine
the expression levels of the certain genes that are responsible for
synthesis or destruction of elastin and collagen in lung tissues at
diabetic conditions, (2) to test the hypothesis that “pulsed magnetic
field application shows its effect by re-regulating the genes that
could be dysregulated in diabetes, (3) to evaluate whether PMF has
any possible effect over the balanced level of elastin and collagen
at the transcriptional level in controlled conditions. For these
purposes, the expression level of targeted genes (ELN, ELANE,
COL1A1, MMP-1, and MMP-13) for each group (Control, Control
+ PMF 10Hz, Diabetes, Diabetes + PMF 10Hz) were determined
by the real-time PCR experiments.

As aresult, it was determined that ELN gene expression increased
significantly in the diabetes group. Previous studies showed
that the gene expression increased in some lung diseases such
as fibrosis and chronic obstructive lung disease [10,29,30].
Therefore, it may be asserted that the increase of ELN in the lung
tissue at the transcriptional level, may be one of the mechanisms
that cause lung diseases in diabetic conditions. Previous studies
conducted on STZ-induced diabetic rat models have controversial
results that ELN gene expression decreased in skeletal muscle
[31]. However, it is well known that a specific gene can have a
tissue-specific gene expression pattern [32]. In the present study,
it was determined that the application of PMF to the diabetic rats
(diabetes + PMF 10Hz group) significantly decreased the ELN
gene expression as compared to the diabetes group. The decrease

of the gene indicated that 10 Hz PMF application re-regulated the
ELN gene which was dysregulated in diabetic conditions in lung
tissue. This result may claim the acceptance of the hypothesis
of the present study that PMF shows its effect by re-regulating
certain genes at the transcriptional levels in diabetic conditions. In
addition, the result of the unchanged gene expression level the in
control + PMF 10 Hz group demonstrated that the magnetic field
application has no noteworthy change on the ELN gene expression
in the healthy lung tissue. Besides all these, it has been previously
stated that the increase or decrease in ELN gene expression may
not always correlate with the elastin fiber density in the tissue [29].
Therefore, further molecular genetic studies are necessary to better
understand the correlation between the ELN gene expression and
elastin fiber density after PMF application in diabetic lung tissue.

ELANE gene expression is highly increased in the diabetes
group when compared to the level of control in the present study.
Although there is no known previous study showing the ELANE
gene expression in diabetic lung tissue, Xu et al. demonstrated
the increase of the gene expression in neutrophils in diabetic
obese patients [33]. Therefore, it can be claimed that the increase
in ELANE in the present study may reveal the mechanism of
occurrence for diabetic lung diseases. Previous studies showed that
ELANE increased at the transcriptional level in emphysema which
is caused by the destruction of elastin fibers [34]. Therefore, in the
present study, the increase in the elastase coding gene ELANE,
which is an enzyme that plays a crucial role in the degradation
of elastin, might cause lung diseases by the destruction of elastin
fibers. The dysregulation or increase of ELANE in the diabetes
group was re-regulated and decreased by magnetic field application
though the change was not statistically significant as compared to
the diabetes group. Therefore, the hypothesis of the study was not
statistically accepted for the ELANE gene even the PMF slightly
regulated the ELANE at the transcriptional level. The fact that
ELANE gene expression did not change statistically in the control
+ PMF 10 Hz group, magnetic field application did not affect this
gene in healthy individuals.

Inthepresentstudy, COL1A1 whichisthe genethatencodescollagen
type-1 protein decreased at the transcriptional level in diabetic
lung tissues. The result is compatible with the previous studies that
Van Lunteren et. al. demonstrate the decreasing of the COL1A1
expression in diaphragm and lung tissues in STZ-induced animal
models [35, 36]. Lehti et. al. also demonstrate the same changes
in muscle tissues in a similar animal model [31]. Nevertheless, it
is necessary to determine the relationship between the decrease in
COL1A1 gene expression and its protein level in further studies.
Pulsed magnetic field application did not change the COL1A1 gene
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expression in diabetes groups. Therefore, it can be claimed that
PMF had no regulatory effect over COL1A1 in diabetic conditions.

MMP-1 and MMP-13 are important genes in the degradation of
collagen fibril structures[37]. Although their expression levels
are slightly increased in diabetes, the differences were not
statistically significant in this study. Previous studies conducted
on STZ-induced models demonstrated that expression of the genes
increased in glomerulus and aorta tissues [32,38], but decreased
in ventricles [32]. Therefore, it can be claimed that tissue-specific
expression patterns of these genes are also different. On the other
hand, previous studies demonstrated that MMP-1 and MMP-
13 gene levels increased in lung diseases such as emphysema
and fibrosis [9, 39-41]. In this study, PMF did not significantly
affect MMP-1 and MMP-13 gene expression levels. Therefore,
the hypothesis of the present study is not accepted for these genes
that PMF did not re-regulate the genes in diabetic conditions. On
the other hand, PMF application did not significantly change these
genes at the transcriptional level in control groups. It can therefore
be claimed that pulsed magnetic field applications may not cause
any changes in the expression levels of the genes in healthy lung
tissue when the PMF is applied for the parts of the body except
the lungs.

Conclusion

In conclusion, the present study showed the first time changes
on transcriptional levels of the regulatory elements of the lung
connective tissues in diabetic and healthy conditions with the
presence or absence of PMF application. ELN, ELANE, and
COL1A1 gene expression levels were dysregulated in diabetic
conditions. Taking into account the changes of the genes that
are responsible for the synthesis and construction of connective
tissues, the result may have clarified the underlying mechanism of
diabetic lung diseases. In future studies, new treatment methods
targeting these genes can be developed for such diseases. After
PMF application, the dysregulated ELN gene in diabetes was re-
regulated back. Therefore, the hypothesis that “pulsed magnetic
field application may show its therapeutic effect by re-regulating
the genes involved in the synthesis and destruction of elastin-
collagen in lung tissues in diseases” is highly acceptable for the
ELN gene. The result may promote focusing on the new treatment
methods that collocation of PMF application and targeted ELN
gene in future studies. On the other hand, the present study also
demonstrated the PMF application had no meaningful changes
in all targeted genes in healthy individuals. Therefore, it may be
claimed that even in cases where PMF application is used for
different treatment purposes on different tissues, this application
might not affect the genes responsible for elastin-collagen
synthesis-destruction on healthy lung tissue.
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