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Abstract: MicroRNAs (miRNAs) are endogenous small regulatory RNA molecules that play a crucial role in
the regulation of gene expression in eukaryotes. Recent studies indicate that miRNAs are mechanistically
involved in mammalian spermatogenesis however, little is known regarding their expression patterns during
porcine testis development. Here, researchers characterized the spatio-temporal expression patterns of two
miRNAs, miRNA-122 (muR-122) and miRNA-221 (miR-221) m porcine diverse tissues and four stages of testis
development by using a Stem-Loop Quantitative RT-PCR Method. The result showed that miR-122 was relative
highly expressed in adult porcine testis among all tissues examined except for the liver and had an increasing
expression pattern during porcine testis development from birth to adult. Conversely, miR-221 was relative lowly
expressed 1n adult porcine testis among all tissues examined and had a decreasing expression pattern during
porcine testis development. The results suggested that miR-122 and miR-221 may play distinct roles during
testis development or spermatogenesis. In summary, determination of the spatio-temporal expression patterns
of muR-122 and miR-221 in porcine developing testes provides a useful resource for further illustrates their likely

roles in pig testis development or spermatogenesis as well as in related mammals.
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INTRODUCTION
MicroRNAs (miRNAs) are small (22
nucleotides) non-coding regulatory RNAs that modulate
gene expression at the post-transcriptional level by
degrading targeted mRNAs or repressing mRNA
translation (He and Hannon, 2004). Since, the initial
discovery that lin-4 acts as a crucial regulatory RNA in
Caenorhabditis elegans (Lee and Ambros, 1993)
mncreasing evidence has demonstrated that miIRNAs play
critical roles in a variety of biclogical processes such as
development, proliferation, differentiation, apoptosis and
even cancer (Plasterk and Kloosterman, 2006). Most
miRNAs are evolutionarily conserved i related species
and nRNA genes are transcribed by RNA polymerase 1T
into long primary transcripts (pri-miRNAs) (Lee et al.,
2004). During two-step processing from the primary
transcript, the mature miRNA sequence 15 loaded mto

RNA: protein complex called RNA Induced Silencing
Complex (RISC) (Khvorova ef al., 2003). In ammals,
miRNA-guided RISCs regulate both the translation and
stability of mRNAs depending on the complementarity of
the miRNA sequence to its target (Chekulaeva and
Filipowicz, 2009).

Some miRNAs are expressed in a developmentally
regulated or tissue-specific manner. Thus, determination
of the spatio-termnporal expression patterns of miRNAs in
different organisms 1s a critical step to facilitate the
understanding of regulatory mechanisms for many
important physiological processes especially during male
germ cell development. Spermatogenesis 1s a complex
tune-regulated process, through which diploid germ cells
proliferate and differentiate into haploid spermatozoa.
Emerging evidence has shown that proper small RNA
processing 1s essential for normmal spermatogenesis
(Hatfield et al., 2005; Maatouk et af., 2008). Recently,

Corresponding Author: Zhihui Zhao, Jilin Provincial Key Laboratory of Animal Embryo Engineering,
College of Amimal Science and Veterinary Medicine, Jilin University, 5333 Xi’an Road, 130062 Changchun,

Jilin, P.R. China

3380



J. Anim. Vet. Adv., 10 (Suppl): 3380-3384, 2011

several expression profile studies have identified some
miRNAs that are preferentially expressed in human and
mouse testis  tissues as well as male germ cells
(Barad et ai., 2004; Ro et al., 2007, Yan et al, 2007,
Yu et al., 2005). For example, miR-34b expression is much
higher in an adult testis compared with a prepuberal testis
which mdicates that miR-34b may play a role in male germ
cell differentiation (Barad et ¢l., 2004). Tnaddition, miR-122
is predominately expressed in late-stage male germ cells
and it can degrade the Transition Protein 2 (TNP2)
transcript which i3 a post-transcriptionally regulated
testis-specific gene involved in chromatin remodeling
during mouse spermatogenesis (Yu et al., 2005).

The pig (Sus scrofa) has considerable agricultural
significance and has become an important model system
for biomedical research (Rocha and Plastow, 2006).
Although, an increasing number of porcine miRNAs has
recently been identified in diverse tissues (Huang et al.,
2008, Mingzhou et al, 2010; Nielsen ef al., 2010,
Podolska ef al., 2011, Sharbati et al., 2010, Xie et al.,
2011), the expression and function of miRNAs mn porcine
developing testes or male germ cells remams to be
elucidated. In the present study, researchers performed a
comprehensive expression profiling of both miR-122 and
miR-221 m ten porcine tissues and four stages of testis
development by using a stem-loop quantitative RT-PCR
approach which 1s much more sensitive than Northem
blot. The results show that miR-122 and miR-221 have
distinct tissue expression patterns. More importantly,
they have a completely converse expression pattern
during porcine testis development which suggested that
miR-122 and miR-221 may play distinct roles during testis
development or spermatogenesis.

MATERIALS AND METHODS

Experiment animal and sample collection: Junmu-1 pig (a
white, Chinese indigenous breed) used in the experiments
were obtained from the pig farm at Tilin University
(Changchun, China). The sample collection protocol was
approved by the ethics committee of Jilin University in
accordance with the guidelines on ammal care and use.
The heart, liver, spleen, lung, kidney, stomach, small
intestine, adipose, skeletal muscle and testis tissues were
obtained from three Junmu-1 boars that were slaughtered
at 6 months of age. In addition, testes were obtained from
three Junmu-1 boars at postnatal day 1 (birth), 30, 90 and
180, respectively. All samples were frozen in liquid
nitrogen immediately and stored at -80°C.

RNA sample preparation: Total RNA was extracted using
Trizol reagent (Invitrogen) according to manufacturer’s
protocol and the RNA concentration and purity were
determined photometrically by measuring the absorbance

Table 1: Primer sequences of real-time qPCR assays

miRNA name Primer Primer sequence (5'-3")
miR-122 RT GTCGTATCCAGTGCAGGGTCCGA
GGTGCACTGGATACGACACAAACA
FW TGCGGTGGAGTGTGACAATGG
RW CAGTGCAGGGTCCGAGGT
miR-221 RT GTCGTATCCAGTGCAGGGTCCGAG
GTGCACTGGATACGACAAACCCA
FW TGCGGAGCTACATTGTCTGCT
RW CAGTGCAGGGTCCGAGGT
Ub snRNA RT CGCTTCACGAATITGCGTGTCAT
FW GCTTCGGCAGCACATATACTAAAAT
RW CGCTTCACGAATITGCGTGTCAT

at 260 nm (A260) and the A260/A280 ratio using the
NanoDrop ND-1000  spectrophotometer  (Nanodrop
Technologies). Importantly, the RIN (RNA integrity
number) of total RNA was >8 (maximum, 10) as determined
using the Agilent Technologies 2100 Bicanalyzer.

Primer design and synthesis: Primers for miR-122 and
miR-221 were designed according to porcine mature
miRNA sequences listed in miRBase (http:/Avww.mirbase.
org/index.shtml) and using Primer Express Version 2.0
(Applied Biosystems, Foster City, CA) as previous report
(Chen et al, 2005). For porcine U6 snRNA, primer
sequences described previously (Huang ef al., 2008) were
used. All synthetic primers (Table 1) were purchased from
Sangon Biotech Co., Ltd. (Shanghai, China).

RT-PCR: A
quantification assay for miRNA was conducted as
previously described (Chen et al, 2005; Huang et al.,

Stem-loop quantitative real-time

2008). Briefly, the assay was performed using stem-loop
RT followed by quantitative PCR. Firstly, 1 pg total RNA
was reverse-transcribed to ¢cDNA using ReverTra Ace
reverse transcriptase (Toyobo Co., Osaka, Japan) and
miRNA-specific stem-loop RT primers (Table 1). The mix
was mmcubated at 37°C for 15 min, 85°C for 5 mm and then
9700
Thermocycler. Then, Quantitative PCR was performed on
the Agilent technologies Mx3000P/Mx3005P Real-Time
PCR Detection System by using a standard SYBR Green
Real-time PCR Master Mix (Toyobo: QPK-201). In each
reaction, 25 ul. reaction mixtures contained 1 ul. cDNA
(1:10 dilution) were prepared and incubated at 95°C
for 5 mm followed by 40 cycles of 95°C for 15 sec and
60°C for 45 sec in a 96 well optical plate. The melting curve

held at 4°C using an Applied Biosystems

analysis and agarose gel electrophoresis were used to
confirm the specific of PCR products. All reactions were
run in triplicate and miRNA expression levels were
calculated using the AaCt Method (Livak and Schmittgen,
2001) with porcine U6 snRNA as an endogenous
reference gene.
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RESULTS AND DISCUSSION

MiR-122 relative highly expressed in porcine testis:
Previous report has characterized miR-122 as a lLiver-
specific miRNA in mouse (Bennet et al., 2006). To analyze
the tissue expression patterns of miR-122 in pig, 10
different tissues (testis, heart, spleen, lung, kidney, liver,
stomach, small intestine, adipose and skeletal muscle) of
adult Junmu-1 pig were examined by using qRT-PCR. The
result indicated that miR-122 was significant highly
expressed in the liver and relative highly expressed in the
testis (Fig. 1). The high expression level of miR-122 m the
pig liver is in agreement with previous report
(Bennet et al, 2006) which suggested its highly
conservative expression pattern and function. Notably,
researchers also found miR-122 relative highly expressed
in the pig testis with barely detected in other tissues
examined. This result suggested that miR-122 may also
play a role in porcine testis.

MiR-122 increasingly expressed during porcine testis
development: To further determine miR-122 expression
pattemn during porcine testis development, researchers
examined the expression of miR-122 at four development
stages (postnatal 1 day (birth), postnatal 30 days,
postnatal 90 days and adult of Junmu-1 pig testis by
using qRT-PCR. The result shown that miR-122 has an
Increasing expression pattern during porcine testis
development (Fig. 2). Moreover, miR-122 was significantly
high expressed at adult stage which suggested that it is
likely involved in regulating gene expression during
porcine  testis development or spermatogenesis.
Consistently, recent studies have shown that miR-122 is
predominately expressed mn late-stage male germ cells and
it can degrade the Transition Protein 2 (TNP2) transcript
which 1s a post-transcriptionally regulated testis-specific
gene involved in chromatin remodeling during mouse
spermatogenesis (Yu et al., 2005). In addition, this result
15 also mn agreement with findings in the comparative
profile of the miRNA transcriptome between sexually
immature (30 days) and mature (180 days) pig testes using
Solexa deep sequencing which showed that miR-122 was
significantly up-regulated m sexually mature (180 days)
plg testes.

MiR-221 relative lowly expressed in porcine testis:
miR-221 are overexpressed in several types of cancers and
has been found to play a critical role in cancer cell
proliferation (Pineau et al., 2010). In order to characterize
the tissue expression patterns of miR-221 in pig,
researchers analyzed 10 different tissues by qRT-PCR.
The result showed that miR-221 was ubiquitously
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Fig. 1: Tissue expression pattern of miR-122; relative
abundance among ten porcine tissues (testis,
heart, spleen, lung, kidney, liver, stomach, small
intestine, adipose and skeletal muscle) was
examimmed by gRT-PCR for miR-122. Three
biological replicates were used. The results are the
relative expression levels normalized to TJ6 snRNA
(internal control)
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Fig. 2: Expression profiling of miR-122 at four stages of
testis development; pig testes at postnatal 1 day
(birth), postnatal 30 days (D30), postnatal 90 days
(D90) and adult (D180) stages (from left to right)
were examined under the internal control of U6
snRNA. Three biological replicates were used

expressed in almost all tissues that researchers analyzed
(Fig. 3). Tt was highly expressed in kidney and moderately
in the other tissues but lowly expressed in the testis
(Fig. 3).

This data implied that miR-221 may have an important
role in kidney. Consistently, miR-221 is overexpressed in
the cellular model of aggressive prostate carcinoma and
contributing to the oncogenesis and progression of
prostate carcinoma through p27*" down-regulation
(Galardi et a., 2007).

MiR-221 decreasingly expressed during porcine testis
development: One miRNA 13 able to regulate the
expression of multiple genes because it can bind to its
mRNA targets as either an imperfect or perfect
complementarity and the biological function of an
individual miRNA 15 cell or tissue specific. Researchers
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Fig. 3: Tissue expression pattern of miR-221; relative
abundance among ten porcine tissues (testis,
heart, spleen, lung, kidney, liver, stomach, small
intestine, adipose and skeletal muscle) was
examined by gRT-PCR for miR-221. Three
biological replicates were used. The results are the
relative expression levels normalized to U6 snRNA
(internal control)
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Fig. 4: Expression profiling of miR-221 at four stages of
testis development; pig testes at postnatal 1 day
(birth), postnatal 30 days (D30), postnatal 90 days
(D90) and adult (D180) stages (from left to right)
were examined under the internal control of U6
siRINA. Three biological replicates were used

thus further determined miR-221 expression pattern during
porcine testis development although, it was relative lowly
expressed in porcine testis. Interestingly, miR-221 had a
decreasing expression pattern which in contrast to
miR-122 during porcine testis development (Fig. 4).
Moreover, miR-221 was significantly high expressed at
birth stage which suggested that miR-221 may play arole
in male germ cell proliferation during spermatogenesis.
Similarly, the result is also in agreement with the
comparative profile data which showed that miR-221 was
significantly down-regulated in sexually mature (180 days)
plg testes.

Additionally, this result is consistent with findings in
zebrafish showing that most miRNAs are expressed
relatively late during embryogenesis (Wienholds ef al.,
2005).

CONCLUSION

In this study, the findings suggest that miR-122 and
miR-221 may play distinct roles during testis development
or spermatogenesis. Further mvestigation to identify
target mRNAs regulated by them will be critical to
uncover their biological fimetions m pig.

ACKNOWLEDGEMENTS

This research was supported financially by the
National Natural Science Foundation of China (30771543),
the Tilin Scientific and Technological Development
Program (20070567) and the National High Technology
Development Project (2008AA102136).

REFERENCES

Barad, O., E. Meimr1 and A. Avmel, 2004. Microma
expression detected by oligonucleotide microarrays:
System establishment and expression profiling in
human tissues. Genome Res., 14: 2486-2494.

Bemnet, S.C.F., S. Bhanot and B.P. Monia, 2006. Mir-122
regulation of lipid metabolism revealed by in vivo
antisense targeting. Cell Metab., 3: 87-98.

Chekulaeva, M. and W. Filipowicz, 2009, Mechamsms of
mirna-mediated post-transcriptional regulation in
animal cells. Curr. Opin. Cell Biol., 21: 452-460.

Chen, C., D.A. Ridzon, A.J. Broomer, Z. Zhou and
D.H. Lee et al., 2005. Real-time quantification of
microRNAs by stem-loop RT-PCR. Nucleic. Acids.
Res., 33: e179-e179.

Galardy, S., N. Mercatelli, E. Giorda and S. Massalini, 2007.
Mir-221 and mir-222  expression affects the
proliferation potential of human prostate carcinoma
cell lines by targeting p27kipl. J. Biol. Chem.,
282: 23716-23724.

Hatfield, SD., H. R. Shcherbata, K.A. Fischer, K. Nakahara
and R.W. Carthew, 2005. Stem cell division 1s
regulated by the microma pathway. Nature,
435: 974-978.

He,L. and G.J. Hamnen, 2004. Micromas: Small mas
with a big role in gene regulation. Nat. Rev.
Genet., 5: 522-531.

Huang T.H., M.I. Zhu, X.Y. Li and SH. Zhao, 2008.
Discovery of porcine microRNAs and profiling from
skeletal muscle tissues during development. PLoS.
One, 3: e3225-e3225.

Khvorova, A., A. Reynolds and S.D. Jayasena, 2003.
Functional sirnas and mirmas exhibit strand. Cell,
115: 209-216.

3383



J. Anim. Vet. Adv., 10 (Suppl): 3380-3384, 2011

Lee, R.C. and FRIL. Ambros, 1993. The c.Elegans
heterochronic gene lin-4 encodes small rnas with
antisense complementarity to lin-14. Cell, 75: 843-854.

Lee, Y., M. Kim, J. Han, K.H. Yeom, S. Lee, S.H. Baek and
V.N. Kim, 2004, MicroRNA genes are transcribed by
RNA polymerase 1. EMBO I,. 23: 4051-4060.

Livak, K.J. and T.D. Schmittgen, 2001. Analysis of relative
gene expression data using real-time quantitative
PCR and the 2(-Delta Delta C(T)) method. Methods,
25: 402-408.

Maatouk, D.M., KUL. Loveland, MT. McManus,
K. Moore and B.D. Harfe, 2008. Dicer] 1s required for
differentiation of the mouse male germline. Biol.
Reprod., 79: 696-703.

Mingzhou, L., Y. Xia, Gu Yiren, K. Zhang and
Q. Lang ez al., 2010. Micrornaome of porcine pre- and
postnatal development. Plos. One, Vol. 5.

Nielsen, M., I H. Hansen, J. Hedegaard, R.O. Nielsen,
F. Panitz, C. Bendixen and B. Thomsen, 2010.
Microrna identity and abundance in porcine skeletal
muscles determined by deep sequencing. Anim.
Genet., 41: 159-168.

Pmeau, P, 8. Volima, K. Mc-Tunkin, A. Marchio and
C. Battiston ef al., 2010. Mir-221 overexpression
contributes to liver tumorigenesis. J. Hepatol,
52: 229-229,

Plasterk, R H. and A.-W.P. Kloosterman, 2006. The diverse
functions of micrormas in animal development and
disease. Develop. Cell, 11: 441-450.

Podolska, A., B. Kaczkowski, K. P. Busk, R. Sckilde and
T. Litman et al., 201 1. Microma expression profiling
of the porcme developing bram. Plos. One. Vol 6

Ro, 5., C. Parle, K.M. Sanders, T.R. McCarrey and W. Yan,
2007. Cloning and expression profiling of testis-
expressed micromnas. Develop. Biol., 311: 592-602.

Rocha, D., and G. Plastow, 2006. Commercial pigs: An
untapped resource for human obesity research.
Drug. Discov. Today, 11: 475-477.

Sharbati, S., MLR.. Friedlander, J. Sharbatil, L. Hoeke and
W. Chen et al., 2010. Deciphering the porcine
intestinal microma transcriptome. BMC Genomics,
Vol. 11 10.1186/1471-2164-11-275

Wienholds, E., PX. Wigard, E. Miska, E.A. Saavedra and
E. Berezikov ef al, 2005. Microma expression in
zebrafish embryonic development. Sci., 309: 310-311.

Xie, 3.5, XY. L1, T. Ly, JH. Cao, Q. Zhong and
S.H. Zhao, 2011. Discovery of porcine micrornas in
multiple tissues by a solexa deep sequencing
approach. Plos One, Vol. 6.

Yan,N., Y. Lu, H. Sun, D. Tao and S. Zhang et al., 2007. A
microarray for microma profiling in mouse testis
tissues. Reprod., 134: 73-79.

Yu, ZR., T. Raabe and N.B. Hecht, 2005. Micromma

mirnl 22a reduces expression of the

posttranscriptionally regulated germ cell transition
protem 2 (tnp2) messenger ma (mma) by mrma

cleavage. Biol. Reprod., 73: 427-433.

3384



