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Abstract

Arsenic is a broad-spectrum environmental contaminant with mutagenic, teratogenic and carcinogenic
effects. Due to its widespread distribution in nature, drinking water is the most common source of arsenic
exposure for the general population. In this study, we aimed to determine the effect of sodium arsenite on
the viability and expression profile of steroidogenic genes in TM3 Leydig cells, responsible for testicular
steroidogenesis. The TM3 Leydig cells were treated with sodium arsenic (384,8 uM or 7,6 mM) for 24
hours with LH (Luteinizing hormone) stimulation. The MTT assay was used for measuring cell viability,
the expression level of key genes of the steroidogenesis was evaluated using RT-qPCR.The MTT assay
showed that cell viability was decreased dose-dependently. RT-gPCR demonstrated that the expression
level of CYP11Al1, CYP17Al were decreased as compared to the untreated control while StAR gene
expression was found to be surprisingly high in the cell exposed to high-dose arsenic (p<0.05). The
expression profile of two dehydrogenase; 178-HSD and 3B-HSD was significantly reduced in high dose
arsenic treated-group (p<0.05); but however, no statistical significance was found in low-dose. The RT-
gPCR also showed that the expression SF-1 (Steroidogenic factor-1), a key regulator of adrenal and
reproductive development, was significantly decreased in both low-dose and high-dose (p<0.05). Arsenic
toxicity in Leydig cell leads to cell viability loss and cause a perturbation in key steroidogenic genes,
reflecting the possible role of arsenic in infertility and male reproductive system disorders.
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1. Introduction cell by electron transition. Animal cells exposed to
environmental stress produce these reactive oxygen
radicals and when these radicals are produced in high
amounts in the cell; they repress their neutralization
mechanisms and increase oxidative stress. Oxidative
stress is among the major factors causing disorders in
male reproductive system [3-5]. Recent studies also
showed that arsenic exposure alters the gene expression
pattern, for instance steroid-associated genes, cytokines,
apoptosis-associated genes and cell cycle genes. Arsenic
has also adverse effects on male reproductive system

leading to reproductive dysfunctions. Interstitial or

Heavy metals are environmental toxins that are found
everywhere in nature [1]. Among them, arsenic is widely
available worldwide and can be detected everywhere.
Recent studies showed that all arsenic compounds are
toxic; particularly inorganic forms are highly toxic [2-3].
Currently, arsenic compounds are used in the production
of agricultural pesticides, metallurgy materials and
various manufacturing works such as glass production.
Drinking water is the most common source of arsenic
exposure for human and the arsenic (NaAsOy)

concentrations in drinking water was found to be between
384.8 uM (50 ppm) and 7.6 mM (1000 ppm) as the lower
and upper limits in drinking waters of various regions of
the world. Arsenic is a common environmental pollutant
with mutagenic, teratogenic and carcinogenic effects.
Despite many efforts, the true mechanism of arsenic
toxicity has not been fully explained vyet [3].
Accumulating evidence showed that arsenic toxicity is
indicative of oxidative stress suggests that central
proteins in the redox signaling and control pathway
interact with thiol groups [4]. Besides, arsenic causes an
increase in the amount of reactive oxygen radicals in the
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Leydig cells are the major source of testicular androgens
in the male mammal and produce testosterone in the
presence of luteinizing hormone. Testosterone is
produced via steroidogenic pathway including key
enzymes; StAR, CYP11Al1, CYP17Al1, HSD3B and
HSD17B and transcription factors; SF-1, GATA-4 and
NURRY77. The aberrant expression of these genes coding
for components of steroidogenic pathway could be
associated with male infertility.
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To establish potential effects of arsenic on testosterone
biosynthesis, we evaluated the expression level of some
steroidogenic genes in response to low and high dose
arsenic treatment in TM3 Leydig cell and also measured
the cell viability [5, 6].

2. Materials and Methods
2.1. Cell culture and treatment

The TM3 is a non-tumoral cell line was derived from
Leydig cells of cell line 11-13 day old mice and provided
by the American Type Culture Collection (ATCC® CRL-
1714™). The TM3 cells were resuspended in 50:50
DMEM/F12 culture medium, supplemented with 5%
Horse Serum, 2.5% Fetal Bovine Serum, 2.5 mM L-
Glutamine, 0.5 mM Sodium Pyruvate, 1.2 g/l Sodium
Bicarbonate, 15 mM HEPES and PSA (Penicillin-
Streptomycin-Amphotericin),  humidified  medium
containing 5% CO; and 95% air incubated at 37 °C. The
cells (1x10%) are placed in well plates and allowed to
stand for 24 hours. After adhesion, growth medium is
removed and the cells are incubated for one hour in
serum-free medium. Water soluble and inorganic arsenic
compound sodium arsenic (NaAsO, (CAS Number:
7784-46-5) purity 96.6%, Sigma-Aldrich) was prepared
in serum-free medium at doses of 384.8 uM and 7.6 mM.
In the control group, only serum-free medium was
applied. After one-hour serum-free medium treatment,
arsenic and LH serum free assay medium are replaced
(100 ng/ml LH, 384.8 uM arsenic with 100 ng/ml LH and
7.6 mM arsenic with 100 n/ml LH).

2.2. MTT cell viability assay

The TM3 cells were seeded at 5000 cells/100 pl well in
96 wells culture dishes for MTT (Sigma-Aldrich) cell
viability assay. Subsequently, two different doses of
sodium arsenic prepared in serum-free medium were
incubated in the CO; incubator at 37°C for 24 hours

Table 1. Primer sequences used for gPCR [20].

formazan crystals. The optical densities of the cells were
read at 540 nm in the ELISA. Control cell viability not
treated with the test substance was taken as 100%, and
the survival rates of the test cells were expressed as a
percentage. This test was repeated 3 times.

2.3. Total RNA extraction, cDNA conversion and
guantitative PCR analysis

Total RNA was isolated from control and arsenic-
exposed TM3 cells (2x108 cells for each group) using
TRIzol reagent (Invitrogen, Carlsbad, CA) based on
manufacturer's protocol. The purity and integrity of the
isolated RNA samples was measured using a NanoDrop
2000 spectrophotometer (Thermo Fisher Scientific). The
calculated yield of total RNA was ranged from 628.6 to
874.8 ng/ul per 2x10° Leydig cell group with A260/A280
ratio of 1.81-1.89. Following RNA extraction, the
synthesis of cDNA was performed using 10 pg of total
RNA and the Script cDNA Synthesis Kit (Jena
Bioscience, Jena, Germany). Briefly, 10 pg of the RNA
extract was added to 8 pL cDNA synthesis mixture
containing 4 pL. of 5X SCRIPT RT buffer complete, 1 pL
of 10 mM dNTP mix, 1 pL of 40 units of RNase inhibitor,
1 puL of 100 mM DTT, 0.5 pL of 100 uM random
hexamers and 0.5 pL of 200 units of SCRIPT reverse
transcriptase. The mixture was incubated at 42 °C for 10
minutes, followed by 50 °C for 60 minutes in a Techne
Thermal Cycler.

Real-time quantitative PCR (RT-qPCR) was carried out
using SCRIPT One-Step RT-PCR Kit (EvaGreen, Jena
Bioscience) with a Roche RT-qPCR instrument (Roche
LC480). In total, 50 ng cDNA were used for the RT-
qPCR and the reactions were performed in 25 pL final
volume and RT-qPCR conditions: 95°C for 10 min and
followed by 35 cycles of 95°C for 15s and 60°C for 1
min. All primer pairs for StAR, CYP11A1, CYP17Al,
HSD3B, HSD17B, SF-1, Nur77 and GATA-4 genes were

Gene Primer F Primer R
StAR CGAAACCCTAGTCAGGCACA TGTCTCACTGTGGTCCAAGC
CYP11A1 CGTGACCAGAAAAGACAACA AGGATGAAGGAGAGGAGAGC
CYP17A1 CATCCCACACAAGGCTAACAT CTCCGAAGGGCAAATAACTG
3B-HSD TAGTATTGCTTTTATTTCCCCCT ATTTATTGCTGTTTTTGTTTTGC
178-HSD  TGGGGCTGGAGGGAGAGT TATTTGGGGGGAGGGGTTC
SF-1 GCCCTGTTGGATTACACCTTG GTTGCCAAATGCTTGTGGTA
Nur77 CGGGATCCGCTACTACCTAGCTTAGTG CTGGTACCGCGTGCGCTCTGCAATCCT
GATA-4 (AJ'{I:STGGAGGCGAGATGGGAC -CIE((;TCGTCACTTCTCTACGCG
B-ACTIN CGTTGACATCCGTAAAGAC TGGAAGGTGGACAGTGAG

under LH stimulation conditions. Then, 10 pul MTT
solution was added to each well and the culture dishes
were incubated for 4 hours at 37°C in a CO; incubator so
that the MTT dye could be converted into water-insoluble
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obtained from previous studies (Table 1) [20]. The B-
actin gene was chosen as a reference gene for
normalization.
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3. Statistical analysis

For the MTT cell viability assay, statistical analysis was
performed using GraphPad Prism 6 software (GraphPad
Software, San Diego, CA, USA) and analysis of variance
was used for comparisons among all groups. The data
was calculated by a one way ANOVA with Tukey's
multiple comparisons test. The analysis results were
expressed as meantstandard error and values of p<0.001
and p<0.01 were considered statistically significant. For
determining the significance of RT-qPCR data, Student's
t test was performed using Excel software and the values
are the mean+ SE from three samples and significant
differences were indicated as (*) p<0.05, and
(**) p<0.01. All experiments were done in triplicate and
RT-qPCR graphs were drawn by Excel.

4. Results and Discussion

The effects of arsenic on the proliferation rates of TM3
cells were analyzed by counting the cells left in the
arsenic exposure (384,8 uM or 7,6 mM) after 24 hours.
The MTT assay showed that the cell viability reduction
was observed at both doses (384,8 uM or 7,6 mM)
(Figure 1). The highest decrease in cell viability (24%
decrease) was observed at 7,6 mM dose. In general, the
declining tendency in concentration-dependent cell
viability was monitored from 384,8 uM to 7,6 mM
(Figure 1).
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Figure 1. Effect of sodium arsenite on the viability of
TM3 cells (***p<0.001).

A2

The effects of arsenic on the expression level of
steroidogenic genes (StAR, CYP11Al, CYP17Al,
HSD3B and HSD17B) and transcription factors (SF-1,
Nur77 and GATA-4) were evaluated using RT-qPCR.
Expression analysis indicated that the StAR expression,
the rate-determining step in the steroidogenic pathway,
was 13 fold (p<0.01) higher in the low-dose and 6 fold
(p<0.05) higher in the high-dose compared to the control
(Figure 2a). The expression of CYP17A1 encoding P450
17a-hydroxylase enzyme was reduced at low and high
arsenic doses (Figure 2c). As for CYP11A1l encoding
cytochrome P450 cholesterol side chain cleavage
enzyme, its expression level was reduced by at least 2-
fold (p<0.05) at low-dose (384,8 uM), but however
intriguing, the expression was not changed significantly
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at high dose (7,6 mM) in spite of repeating the
experiment several times (Figure 2b).

StAR

..

T

- 16

S 14

g ¥

g 12

L3

™

B Of

-

b

= 02

S ===

Control Al a2

Figure 2a. StAR gene expression level relative to the
control (**p<0.01, *p<0.05).
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Figure 2b. Level of expression of the CYP11Al gene
relative to the control (*p<0.05).
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Figure 2c. Level of expression of the CYP17AL1 gene
relative to the control (*p<0.05).
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The expression of genes encoding two converter
enzymes in steroidogenesis; HSD3B and HSD17B was
found to be slightly lower (but not significant) at low-
dose, however RT-gPCR showed a decrease in their
expression at high doses (HSD17B, 1.4 fold and HSD3B,
1.5 fold) (p<0.05) (Figure 2d and 2e). Although GATA-
4 and Nurr77 transcription factors exhibited no
significant changes in their expression at both doses, the
expression of Steroidogenic factor 1 (SF-1) encoding a
nuclear receptor was found to be decreased at low-dose
(1.3 fold, p<0.05) and high-dose (1.8 fold, p<0.01)
(Figure 2f).
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Figure 2d. Expression level of the HSD3B gene relative
to the control (*p<0.05).
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Figure 2e. Expression level of the HSD17B gene
relative to the control (*p<0.05).
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Figure 2f. Level of expression of the SF-1 gene relative
to the control (**p<0.01, *p<0.05).
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As indicated in previous studies, a significant reduction
in Leydig cell number or abnormal perturbations in
steroidogenic gene expression are significantly
correlated with male infertility [16-17]. As similar with
other toxic heavy metals, arsenic had detrimental effects
on cell viability of TM3 Leydig cells in a dose-dependent
manner. We also think that oxidative stress is probably
attributed to reduction in TM3 cell viability [6, 13, 19].
In a study performed on TM4 Sertoli cells, which are
responsible for maintenance of germ cells and successful
completion of spermatogenesis, the cell viability of TM4
Sertoli cells exposed to 10-uM arsenic trioxide for 48
hours was significantly decreased [17]. In another study,
it was shown that wistar rats treated with arsenic showed
a significant increase (p<0.05) in the sperm abnormal
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morphology (head and tail) and decrease in viability [18].
In concordance with these findings, we concluded that
testis tissue with various cells such as Leydig, Sertoli and
sperms was sensitive to arsenic exposure and arsenic-
induced cell viability reduction may cause male
infertility.

Testosterone  biosynthesis is essential for male
reproductive system differentiation, continuation of
spermatogenesis and the emergence of secondary male
characters [20]. Previous studies have shown that arsenic
exposure cause significant perturbation in the expression
of genes in the pathway of steroidogenesis. For instance,
approximately 60% reduction in expression of
CYP11Al, CYP17Al, and HSD-3B genes occurred in
mice left at 0.15 mg/kg arsenic exposure a day [19]. In
the present study, we investigated the role of arsenic in
the expression of steroidogenic key genes (StAR,
CYP11Al1, CYP17A, 3B-HSD and 17B-HSD) and
transcription factors (SF-1, NUR77 and GATA-4). In
general, we found that there was a gradual reduction
tendency in the expression of steroidogenic genes in TM3
Leydig cells exposed to arsenic [15]. StAR
(Steroidogenic acute control protein) is an enzyme that
allows the transport of cholesterol from the cytoplasm to
the interior of the mitochondrial membrane, the precursor
required for the synthesis of testosterone in the pathway
of steroidogenesis [10, 20]. Many studies on toxic
substances have shown that the toxic components reduce
the expression of the StAR gene in the Leydig cell [7].
However, in some studies it has been found that toxic
substances increase the expression of the StAR. For
example, 1 puM mono-(2-ethyl) phthalate affected
expression ofvarious steroidogenesis genes in cultured
rat testes, increasing the expression of the StAR gene [8].
For example, a study conducted by Liu et al., mouse
Leydig cells were administered with zearelenon, which
contaminates various foods and animal feeds, at a
concentration of 5 pg/ml and expression of the StAR
gene in the cells was increased [12]. In another study,
Reitsma and colleagues observed that human adenosine
carcinoma cells (H295R) used thiocapantine
photoinitiator, which is used in food packages and
contaminate food, and that the StAR expression increases
[8]. In our study, StAR expression was also induced in
Leydig cells exposed to arsenic and this finding is
consistent with above-mentioned studies. Although the
possible role of arsenic in the expression pattern of StAR
remains uncertain, it was thought that arsenic may affects
the transcription factors that regulate the expression of
StAR. CYP11A1 is the enzyme-encoding gene that
performs the pregnelona cycle of cholesterol, the first
enzymatic reaction in the pathway of steroidogenesis
[16]. CYP17A1 is a key enzyme in the steroidogenic
pathway that produces progestins, mineralocorticoids,
glucocorticoids, androgens, and estrogens. Several
studies showed that toxic substances have drastic effects
in the expression of CYP11A1 and CYP17A1 genes. A
study conducted by Liu and colleagues demonstrated that
the expression of CYP11Al and CYP17Al genes
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decreased when exposing mouse Leydig cells with
zearelenon being 5 pg/mL [19]. Similarly, Chiou and
colleagues performed arsenic thioxide administration on
mice and found that the expression of the CYP11A1 and
CYP17Al genes decreased [5]. These findings are
consistent with the present study, in which arsenic-
exposure leads the reduction gene expression levels. One
possible explanation of the reduced of CYP11Al and
CYP17Al genes observed here would be the decreased
level of transcription factor, SF-1 gene that regulate
expression of these genes. In this study, we also found
that SF-1 expression level was decreased in Leydig cells
exposed to arsenic. The HSD3B genes encodes the
enzyme that converts pregnenolone to progesterone in
the steroidogenesis pathway while HSD17B is the
enzyme code that translates to the testosterone of
androstenedione, the last enzymatic step in
steroidogenesis. As similar with other steroidogenesis
genes, toxic compounds also affect the expression of
HSD17B and HSD3B. In a previous study, Liu et al.
showed that the expression of the HSD17B wasdecreased
in mouse Leydig cells treated with 5 pg/ml zealandone
[19]. In another study conducted by Yang and colleagues
[11], the expression of the HSD3B was found to be
decreased in mouse Leydig cells exposed to T-2 toxin
(mycotoxin) as correlated with our study. Taken together,
our results showed that arsenic exposure reduce cell
viability and cause significant perturbations in
steroidogenic gene expressions. Although we partly
reported the effects of arsenic toxicity in Leydig cell, a
comprehensive  study based on  genome-wide
transcriptome studies using microarray or RNA-Seq
approaches are needed for further clarification of arsenic
toxicity in testicular tissue.

5. Conclusion

In addition to heritable susceptibility, environmental
toxicants, particularly heavy metals, seem to be
responsible for causing the infertility in male through
decreasing testicular cell viability and impairing gene
expression involved in steroidogenesis. In this study, we
found that arsenic toxicity in Leydig cells, which are the
major source of testicular androgens, leads to cell
viability loss and cause a perturbation in key
steroidogenic genes, reflecting the possible role of
arsenic in infertility and male reproductive system
disorders.
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