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ABSTRACT

MiRNAs are known as small, non-coding and single stranded RNAs which can regulate cell proliferation,
differentiation, apoptosis, and involve in the development of sperm. Meanwhile, DUSP4, PDK4 and
FKBPIB were also found to participate in testis development and spermatogenesis. In this study, online
software and luciferase reporter gene system were used to predict and verify the target relationship
between miR-122 and DUSP4/PDK4, miR-449a and FKBPIB. Thereafter, comparison analysis was
done on miR-122, miR-449a, DUSP4, PDK4 and FKBPIB mRNA expression levels in different bull
testes tissues (1-day, 12-months-old and 24-months-old). In addition, genes mRNA and protein levels
were detected after bull testicular Sertoli cells were transfected with miR-122 and miR-449a. Meanwhile,
DUSP4, PDK4 and FKBPIB overexpression experiments were conducted. Eventually, MTT assay was
performed to observe the cells proliferation. The results showed that miR-122 and miR-449a were highly-
expressed in testis tissues (p<0.01). The expression levels of miR-122 and miR-449a in the 24-month-old
testes were higher than those in the neonatal and 12-month-old groups during the testicular maturation
process, however, PDK4, DUSP4 and FKBP1B expression levels were decreased (p<0.01). Furthermore,
the luciferase in miR-122/449a co-transfected with pmiR-RB-REPORT-DUSP4-WT or pmiR-RB-
REPORT-PDK4/FKBPI1B-WT group was significantly lower than pmiR-RB-REPORT-DUSP4-mut or
PDK4/FKBP1B-mut and negative control groups. Meanwhile, PDK4, DUSP4 and FKBPIB expression
levels were down-regulated due to miR-122 and miR-449a overexpression (p<0.01). Moreover, cells
proliferation ability was activated after DUSP4, PDK4 and FKBPIB overexpression (p<0.01). Finally,
MTT assay results demonstrated that miR-122 or miR-449a could promote bull testicular Sertoli cells
proliferation. Collectively, these data suggested that miR-122/PDK4/DUSP4 and miR-449a/FKBPIB
pathways could play a vital role in bull testis development.
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ertoli cells (SCs) play a vital role in spermatogenesis

by providing support and nutrition for spermatogonia
cells. During spermatogenesis, lactate is the preferred
substrate of spermatocytes and spermatids. Lactate
production from glucose in SCs is an important point for
the control of spermatogenesis (Rato et al., 2012). SCs
also secrete proteins and cytokines, which participate
in the control of sperm movement from the testis to the
epididymis and in the control of the pH of the seminiferous
fluid (Oliveira et al., 2009). Furthermore, adjacent SCs
form the blood-testis barrier, which inhibits the entry of
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molecules exceeding 1000 Da into the seminiferous tubule.
This barrier also prevents autoimmunity and maintains
a stable microenvironment for germ cell differentiation
(Smith and Braun, 2012). The data show that SCs have the
support, protection and nutrition effects on the germ cells,
which is closely related to spermatogenesis.

MicroRNAs play a regulatory role in a variety of
biological processes, such as breast development, milk
secretion (Liao er al., 2010; Na et al., 2015), diabetic
nephropathy development (Chen et al., 2014), lipid
metabolism (Peng et al., 2016), testicular development
and spermatogenesis (Zhang et al., 2015). Recently,
researchers have found that miRNAs were widely involved
in the regulation of male animal reproductive performance.
The mitoferrin in the testes of Batcorder dorsalis could
be regulated by miR-8-3p (Tariq et al., 2016). Down-
regulation of miR-320a/ 383-sponge-like long non-coding
RNA NLCI-C (narcolepsy candidate-region 1 genes) was
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associated with male infertility and was confirmed to
promote testicular embryonic carcinoma cell proliferation
(Lu et al., 2015). In addition, miR-122 and miR-449a are
two important factors in the development of sperm. PTEN,
PI3K/AKT and STAT signaling pathways were found to be
involved in bull sperm cells apoptosis and this process was
affected by miR-122 dysregulation (Capra et al., 2017).
Meanwhile, miR-449a, miR-34c¢-5p and miR-122 could be
used as biomarkers of germ cell maturation (Abu-Halima
et al., 2014; Munoz et al., 2015), and miR-449a/b/c were
essential for normal spermatogenesis and male fertility
(Yuan et al., 2015). Furthermore, the deletion of miR-34bc
and miR-449 might led to a mice sterility (Comazzetto et
al.,2014).

DUSP4 was an early response gene (Hirsch and
Stork, 1997; Robinson et al., 2001; Amit et al., 2007) and
its overexpression caused an inhibition of GC cell viability,
invasive potential and proliferation (Mazumdar et a/.,2016;
Zhang et al., 2016). Meanwhile, PDK4 was confirmed to
participate in lactate production of SCs and this process
was associated with spermatogenesis and male fertility
(Regueira et al., 2015). In addition, FKBP1B, a member
of the peptidyl-prolyl isomerase family, was widely
expressed in many types of cells and FKBPIB function
inhibition could cause a Ca?* dysregulation (Gant et al.,
2014). However, substantial amounts of Ca?* were required
during testicular development and spermatogenesis. In
summary, DUSP4, PDK4 and FKBPIB might participate
in bovine testis development and spermatogenesis.

In this study, comparative analysis of miR-122
and miR-449a expression levels in different tissues was
conducted. Thereafter, differentially expressed miR-122,
miR-449a, DUSP4, PDK4 and FKBPIB were detected
in 1-day, 12-months-old and 24-months-old bull testes
tissues. Meanwhile, the target relationship were verified
and the effects of miR-122 or miR-449a on bull testicular
SCs proliferation were examined. It should be helpful for
further studies of the role of miR-122, miR-449a and the
target genes in the regulation of bull testis development
and spermatogenesis.

MATERIALS AND METHODS

Experimental samples and cell line

A total of 9 testicular tissues (3 for 1-day, 3 for
12-months-old and 3 for 24-months-old) were collected
from the Agricultural Science Academy of Jilin Province
cattle farm. All experimental protocols were approved
by Animal Ethics Committee of Agricultural Science
Academy of Jilin Province. The bull testis cell line was
purchased from the Gaining biology company (Shanghai,
China).

RNA extraction and quality analysis

Total RNA was extracted from the collected tissues
using trizol reagent (Invitrogen, USA) following the
manufacturer’s instructions. The RNA concentration
and integrity were detected using the agarose gel
electrophoresis and spectrophotometer (Thermo Fisher
Scientific, Waltham, America).

QPCR analysis of miRNAs and target genes

Total RNA was extracted from the collected testis
tissues using trizol reagent (Invitrogen, USA) following
the manufacturer’s instructions. Then the cDNA was
synthesized by reverse transcription Kits (Takara, Dalian,
China) according to the instruction. Primers of miRNAs
and target genes were designed for qPCR according to
the genes sequence (Table I). The 20uL qPCR reaction
mixture including cDNA (2pL), SYBR Green I (Takara,
Dalian, China) (10uL), PCR-F-Primer (0.5uL), PCR-R-
Primer (0.5pL) and RNase-free H,O (7uL). The reaction
was performed with following procedure: 95°C for 30s;
40 cycles of 95°C for 5s and 60°C for 30s. The expression
results of miRNAs and genes were detected by Eppendorf
AG-5341 fluorescence quantitative instrument and the
data were analyzed using SPSS 22.0 software through
2-44¢T method according to the following formula:

AACt=
[Ct(positive)-Ct(reference)]-[Ct(control)-Ct(reference)]

Here, 224 refers to the relative expression ratio.

Table IL.- The primer sequence of Real-time PCR.

Primer name  Primer sequence (5'-3’)

miR-122 RT: GTCGTATCCAGTGCAGGGTCCGA
GGTGCACTGGATACGACCAAACAC
F: TGCGGTGGAGTGTGACAATGGT
R: CAGTGCAGGGTCCGAGGT

miR-449a RT: GTCGTATCCAGTGCAGGGTCCGA

GGTGCACTGGATACGACACCAGCT
F: TGCGGTGGCAGTGTATTGTTAG
R: CAGTGCAGGGTCCGAGGT

U6 RT: CGCTTCACGAATTTGCGTGTCATD
F: GCTTCGGCAGCACATATACTAAAAT
R: CAGTGCAGGGTCCGAGGT

PDK4 F: TGTTCCATCTCACCTTCACCAT
R: ACACCACCTCCTCTGTCTGA
DUSP4 F: TATTCCGCCGTCATCGTCTA
R: AGAACCTCTCATAGCCACCTT
FKBP1B F: ACAGGAAGTCATCAAGGGTT
R: 5GAGCAGCTCCACGTCAAA
GAPDH F: GTTTGTGATGGGCGTGAAC

R: ATGGACCTGGGTCATGAGT

RT, reverse transcription; F, forward; R, reverse.
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Western blot analyzes

Total protein was extracted using RIPA buffer (Boster,
Wuhan, China) following the manufacturer’s instructions.
Protein concentration was determined using the BCA
Protein Assay Kit (Boster, Wuhan, China). Total protein
(35 pg per sample) was resolved by SDS-PAGE and
transferred onto PVDF membrane (Bio-Red Laboratories
Inc., USA). Immunoblotting was conducted using the
following primary antibodies with the suggested dilutions
from the manufacturer: anti-DUSP4 (Abcam, USA); anti-
PDK4 (Abcam, USA); anti-FKBP1B (Abcam, USA); anti-
f-actin (Abcam, USA). The antibodies were diluted with
5% BSA (Albumin from bovine serum) and the suggested
dilutions were 1:2000. The immunoblots were developed
using an ECL Advanced Western Blotting Detection Kit
(Invitrogen, USA).

Cell culture and transfection

Bull testicular SCs were purchased from the Gaining
biology company. MiR-122 mimics/inhibitor, miR-
449a  mimics/inhibitor, = pmiR-RB-REPORT-DUSP4/
PDK4/FKBPI1B-WT, pmiR-RB-REPORT-DUSP4/PDK4/
FKBPIB-mut and miR-shNC were synthesized by
Guangzhou Ribo-Bio company. PBI-CMV3-DUSP4, PBI-
CMV3-PDK4, PBI-CMV3-FKBPIB and PBI-CMV3-Si
plasmids were synthesized by GENEWIZ in China. 24 h
before transfection, the SCs were plated at a concentration
of approximately 1x10%well into six-well culture plates
with DMEM/F12 (GIBCO, Grand Island, NY, USA)
containing 10% fetal bovine serum (FBS; PAA, Pasching,
Austria) and 1% Penicillin-Streptomycin. The DMEM/
F12 medium was replaced by Opti-MEM serum-free
medium (GIBCO, Grand Island, NY, USA) when the
cell fusion level reached more than 80%. For luciferase
activity detection, 250 uL Opti-MEM serum-free medium
(GIBCO, Grand Island, NY, USA) was mixed with 6 pL
lipofectamineTM2000 (Invitrogen, USA), 1.8 ug mimics
and 1.8ug recombinant plasmid pmiR-RB-REPORT-
genes-mut vector or pmiR-RB-REPORT-genes-WT vector,
and the transfection mixture was added to each well
containing the cells in Opti-MEM serum-free medium after
incubation at room temperature for 30 min. The medium
was changed to regular cell culture medium after 3-5 h. 24
h after transfection, luciferase activities were detected by
multimode reader (PerkinElmer, USA). RNA and protein
were extracted. To validate the miR-122 or miR-449a
effects on target gene and SCs, 250 pL Opti-MEM serum-
free medium was mixed with 6uL lipofectamineTM2000
and 1.8pg mimics, inhibitor or miR-shNC. To investigate
the effects of the target genes on SCs, 1.8ug PBI-CMV3-
DUSP4, PBI-CMV3-PDK4, PBI-CMV3-FKBPIB and
PBI-CMV3-Si plasmids were respectively transfected

into cells using LipofectamineTM2000 according to the
manufacturer’s instructions.

Bioinformatics analysis and dual luciferase reporter gene
system validation

Four bioinformatics software (microRNA.org,
miRDB, miRGen, TargetScan) were used to predict the
target genes of miR-122 and miR-449a. The luciferase
reporter gene system was used to validate the relationship
between miR-122, miR-449a and their target genes
according to the instructions. The fold change and
P-values were calculated and the differential expression
was considered true when [log,Ratio| > 1 and P-value <
0.05.

Cell proliferation assay

Bull testicular SCs were respectively transfected with
miR-12 mimics/inhibitor, miR-449a mimics/inhibitor and
miR-shNC. Then the cells (3x10* cells/well) were cultured
in 96-well plates for 72 h. Cell proliferation was examined
using an MTT assay according to the manufacturer’s
instructions (Sigma, Germany) at 0, 12, 24, 36,48 and 72 h
after transfection. The absorbance was recorded at 450 nm
using a microplate spectrophotometer (ACTGene, USA).

Statistical analysis

The data were analyzed using one-way analysis of
variance (ANOVA) and independent-samples T test of
SPSS 22.0 software. The means and standard deviation
were calculated and p<0.05 was considered as a significant
difference.

RESULTS

MiR-122 and miR-449a binding sites existed in 3’UTR of
target genes

The target genes of the miR-122 and miR-449a were
predicted by bioinformatics software (microRNA.org,
miRDB, miRGen, TargetScan) based on the matching
score of miR-122 and miR-449a seed sequence combined
with target sites in genes 3’UTR region. Among all the
potential genes, PDK4, DUSP4 and FKBPIB were
selected for further verification (Fig. 1A).

Luciferase activities in the group co-transfected
with miR-122 and wild-type DUSP4/PDK4 vectors were
significantly lower than the group co-transfected with
miR-122+mut/Si vector (p<0.01). Meanwhile, the similar
expression profile was also observed between miR-449a
and FKBPIB (p<0.01) (Fig. 1B). The results above
indicated that there was a target relationship between miR-
122 with PDK4/DUSP4, and FKBP1B was target gene of
miR-449a.
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Predicted consequential pairing of target region (top)

and miRNA (bottom)
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Fig. 1. Target sites of miR-122/499a prediction and luciferase assay. A, miR-122 and miR-449a target genes prediction results; B,
the target relationship between miR-122 and DUSP4/PDK4, miR-449a and FKBP1B detected by dual-luciferase reporter system.

NC, blank vector; WT, wild-type vector; mut, mutant vector (“p<0.01).
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Fig. 2. The genes expression levels in different months of testicular tissues. A, relative expressions of miR-122 and miR-449a in
1-day, 12-months-old and 24-months-old bull testes tissues; B, the mRNAs expressions of PDK4, DUSP4 and FKBPIB in 1-day,

12-months-old and 24-months-old bull testes tissues (“p<0.01).

Differential expression of miR-122/449a and target genes
in diversities developmental stages of testes tissues
Results showed that miR-122 and miR-449a
expression levels were higher in 24-months-old bull testis
(p<0.01, Fig. 2A). The mRNA levels result of PDK4,
DUSP4 and FKBPIB genes in testicular tissues showed
that the expressions of PDK4, DUSP4 and FKBP1B gene in
neonatal group were significantly higher than 24-months-
old group (p<0.01, Fig. 2B). These results revealed that
miR-122 and miR-449a might, respectively, inhibit the
mRNA expressions of PDK4/DUSP4 and FKBP1B gene.

MiR-122 and miR-449a efficiently suppressed DUSP4/
PDK4 and FKBPIB, respectively

As shown in Figure 3, the following conclusions could
be drawn: the expressions of DUSP4/PDK4 and FKBPIB
mRNA and protein were inhibited due to a high expression
of miR-122/449a (p<0.01), whereas DUSP4/PDK4 and
FKBPIB levels were increased when miR-122/449a was
suppressed (p<0.01). The results further demonstrated that
DUSP4/PDK4 and FKBP1B were the targets of miR-122
and miR-449a.
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Fig. 3. miR-122/449a and their target genes expression levels detection in bull testicular Sertoli cells. A, miR-122 and DUSP4,
PDK4 expression levels were detected in Sertoli cells that transfected with miR-122 mimics, miR-122 inhibitor and miR-shNC
("p<0.01); B, miR-449a and target gene FKBP B expression levels were detected in cells that transfected miR-449a mimics, miR-
449a inhibitor and miR-shNC (*p<0.01); C, Western blot analysis for DUSP4, PDK4 and FKBP1B after miR-122 and miR-449a
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Fig. 4. The Sertoli cells proliferation was inhibited by DUSP4, PDK4 or FKBP1B. The DUSP4, PDK4 or FKBP1B recombinant
plasmid was transfected into Sertoli cells. A, the mRNA expression levels of DUSP4, PDK4 and FKBPIB; B, Western blot
detection results for DUSP4, PDK4 and FKBP1B; C, MTT assay results after recombinant plasmid overexpression (“p<0.01).

The SCs proliferation was inhibited by DUSP4, PDK4 or
FKBPIB

As shown in Figure 4A and B, DUSP4, PDK4 or
FKBPIB has been successfully transfected into SCs.

Compared with the control group (PBI-CMV3-Si),
DUSP4, PDK4 or FKBPIB was significantly higher in
recombinant plasmid transfection group (p<0.01). And
higher expression of DUSP4, PDK4 or FKBPIB could
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attenuate cell proliferation (p<0.01, Fig. 4C).

The SCs proliferation was promoted via miR-122/PDK4/
DUSP4 and miR-449a/FKBP1B pathways

Bull testicular SCs were transfected with miR-122
mimics/inhibitor, miR-449a mimics/inhibitor and miR-
shNC. MTT assay was performed to observe the cells
proliferation. The cell proliferation ability increased in
cells that transfected miR-122 mimics/miR-449a mimics.
The results demonstrated that miR-122 or miR-449a could
promote bull testicular cells proliferation (Fig. 5).
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Fig. 5. The Sertoli cells proliferation was promoted
via miR-122/PDK4/DUSP4 and miR-449a/FKBPIB
pathways. A, Sertoli cells proliferation was analyzed by
MTT assay after the cells were transfected with miR-122
mimics, miR-122 inhibitor and miR-shNC; B, Sertoli
cells proliferation was analyzed by MTT assay after the
cells were transfected with miR-449a mimics, miR-449a
inhibitor and miR-shNC (*p<0.05, ""p<0.01).

DISCUSSION

MiRNAs have been demonstrated to be involved in
reproduction process (Eisenberg et al., 2015; Xie et al.,
2016). Previous studies have shown that miR-122 was
preferentially expressed in male late-stage germ-cells
(Yu et al., 2005) and miR-449 families were enriched
in testis and localized to spermatocytes and spermatids
(Bao et al., 2012). In this study, miR-122 was found to
target PDK4 and DUSP4. The PDK4 protein located in
mitochondria and inhibiting the catalyzing function of
pyruvate dehydrogenase (PDH) (Grassian ef al., 2011). In

testicular tissue, the testis-specific pyruvate dehydrogenase
complex, PDH2, has been proved to participate in sperm
cells cytopoiesis and PDK4 low activity ensured the energy
supplement (Korotchkina et al., 2006). Meanwhile, PDK
families could disrupt the spindle morphology or promote
meiotic maturation (Hou ef al., 2015). The DUSP4 protein
was essential in the process of endoderm generating
spermatogonium or oogonium (Brown et al., 2008). In
sperm cells, DUSP4 protein was mainly found in the tail
of spermatozoa (Gonzalez-Fernandez et al., 2009). On the
other hand, there was a target relationship between miR-
449a and FKBP1B. However, the protein function was still
unclear. In addition, the immunophilins FKBP family was
known to be involved in meiosis, calcium homeostasis,
clathrin-coated vesicles, and membrane fusions (Raudsepp
et al., 2012). Several members of FKBP families such
as FKBP23 mRNA was expressed strongly in mouse
testis (Nakamura et al., 1998), FKBP38 accumulation
phenomenon was detected in Cashmere goat testis
(Zheng et al., 2012) and FKBP-like proteins were specific
expressed in human testis (Sunnotel ez al., 2010). These
evidences indicated that FKBP family played important
roles in testis development. In our results, The SCs was
inhibited by DUSP4, PDK4 or FKBPIB overexpression.
Indicating that DUSP4, PDK4 or FKBPIB could involve
in spermatogenesis.

The comparison analysis was done on miR-122,
miR-449a, DUSP4, PDK4 and FKBP1B expression levels
in 1-day, 12-months-old and 24-months-old bull testes
tissues. The results showed that the expression levels of
miR-122 and miR-449a in the 24-month-old testes were
higher than those in the neonatal and 12-month-old groups
during the testicular maturation process, however, PDK4,
DUSP4 and FKBPIB expression levels were decreased
(p<0.01). The target relationship was verified in tissues
level. These findings suggested that miR-122, miR-
449a, PDK4, DUSP4 and FKBPIB might be involved in
testicular development and spermatogenesis.

The effects of miR-122 and miR-449a on bull
testicular SCs were further detected. The results showed
that PDK4/DUSP4 and FKBPIB expression levels were
down-regulated respectively by miR-122 and miR-449a in
bull testicular SCs and the cell proliferation was promoted
by miR-122 and miR-449a. Therefore, we speculate
that miR-122/PDK4/DUSP4 and miR-449a/FKBPI1B
pathways may play a significant role in bull reproductive
performance.

CONCLUSIONS

In conclusion, meanwhile, PDK4 and DUSP4 were
the target genes of miR-122, FKBPIB was the target gene
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of miR-449a. The bull testicular SCs proliferation could
be promoted via miR-122/PDK4/DUSP4 and miR-449a/
FKBPIB pathways. Therefore, we consider that miR-122/
PDK4/DUSP4 and miR-449a/FKBPIB pathways may
play a vital role in bull reproductive performance.
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