Original Paper Czech Journal of Animal Science, 66, 2021 (05): 156167

https://doi.org/10.17221/113/2020-CJAS

Expression of microRNAs in the hypothalamus
of pregnant and non-pregnant goats

Lu ZHu"?, JINGTONG HuANG"?, JING JING"?, QI ZHENG"?, Qranyun JI*?
Ya Liu"? JiaNPING DING"?, FuGuil FANG"?, YUNSHENG Li"?, YUNHAI ZHANG"?,
YiNGHUI LING"?*

1College of Animal Science and Technology, Anhui Agricultural University, Anhui Hefei, PR. China
2Local Animal Genetic Resources Conservation and Biobreeding Laboratory of Anhui Province,
Anhui Hefei, PR. China

*Corresponding author: lingyinghui@ahau.edu.cn

Citation: Zhu L., Huang J.T,, Jing J., Zheng Q., Ji Q.Y,, Liu Y., Ding J.P,, Fang F.G., Li Y.S., Zhang Y.H., Ling Y.H. (2021):
Expression of microRNAs in the hypothalamus of pregnant and non-pregnant goats. Czech J. Anim. Sci., 66: 156—167.

Abstract: MicroRNAs (miRNAs) play a significant role in animal reproduction by regulating the expression of pro-
tein-coding genes. The hypothalamus regulates the pregnancy cycle changes in goats; however, the action mecha-
nism of miRNAs in this regulation remains to be investigated. In this study, we performed RNA sequencing of
hypothalamus samples to establish a comprehensive miRNA profiling of pregnant and non-pregnant goats. A total
of 384 miRNAs were identified in the hypothalamus of pregnant goats, of which 239 were newly discovered, and
390 miRNAs were detected in the hypothalamus of non-pregnant goats of which 192 were novel miRNAs. In addi-
tion, a total of 280 differentially expressed miRNAs are characterized, of which 171 were known miRNAs and 109
were novel miRNAs. Functional enrichment suggests that the predicted target genes of differentially expressed
miRNAs may be involved in the reproductive process. This preliminary study revealed that let-7f-5p, miR-99a-5p
and miR-100-5p may be involved in the hypothalamic regulation of pregnancy cycle changes in goats. These data
provide a basic reference for subsequent studies on the regulatory role of miRNAs in mammalian pregnancy.
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MicroRNAs (miRNAs) are a group of endog-
enous non-coding RNAs of 18 to 22 nucleotides
that regulate post-transcriptional gene expression
by inhibiting the translation of mRNA or influ-
encing mRNA degradation. MiRNAs have been
shown to be involved in many physiological pro-
cesses, including hormone secretion, metabolism,
tumourigenesis, cell proliferation, differentiation,
and apoptosis (Tang et al. 2019; Zhang et al. 2020).

MiRNAs are also relevant to the physiological
processes of goats and are involved in the regu-
lation of muscle growth, gonadal development
(Niu et al. 2016), breast development (Chen et al.
2015), and hair follicle development (Li et al.
2016). Investigation of the functional mechanisms
of miRNAs has been the focus of goat reproductive
regulation research (Zhu et al. 2016). The repro-
ductive function of mammals is regulated by the
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endocrine or reproductive axis, which is known
as the “hypothalamic-pituitary-gonadal axis”
The hypothalamus is located at the base of the
brain and regulates the stimulation of reproduc-
tion by nerves, hormones and the environment
(Dagklis et al. 2015). The hypothalamus stimulates
the pituitary to secrete luteinizing hormone (LH)
and follicle-stimulating hormone (FSH) through
the secretion of gonadotropin-releasing hormone
(GnRH) to regulate gonad hormone secretion,
thereby regulating reproductive activity (Lee et al.
2008). RNA sequencing (RNA-seq) technology
is a powerful tool for the investigation of genes
in various species such as humans, rats, cattle, and
goats (Quan et al. 2019). RNA-seq has been widely
used to identify non-coding RNAs in mammalian
reproductive tissues. However, the reproductive
miRNAs in the goat hypothalamus have not been
explored by RNA-seq (quantitative) technology.

In this study, miRNAs were sequenced and ana-
lysed in the hypothalamus of pregnant and non-
pregnant goats. MiRNAs that may be involved
in the regulation of pregnancy were screened to
provide basic data for subsequent studies of the
mechanism of goat pregnancy regulation by
the hypothalamus.

MATERIAL AND METHODS
Animals and tissues

The six Anhui white goats used in this experiment
were obtained from Hefei Boda Animal Husbandry
Technology Development Co., Ltd. To exclude the
influence of other factors on the experiment,
the physical condition and age of each experimental
goat were essentially the same, and the feeding and
management systems of the breeding farm were
unified. Six hypothalamic samples were obtained
from three pregnant (60 days, synchronized oes-
trus) and three non-pregnant Anhui white goats.
The goats were approximately three and a half years
old and experienced three pregnancies. After fe-
male goats were sacrificed, the hypothalamic tissues
were harvested and stored in liquid nitrogen. Then,
the samples were transferred to a freezer at —80 °C
for long-term storage. All methods of animal tis-
sue collection conformed to the standards of the
ethics committee of Anhui Agricultural University,
Anhui, China (permit No. AHAU20101025).

157

https://doi.org/10.17221/113/2020-CJAS

RNA extraction and small
non-coding RNA sequencing

Total RNA of pregnant and non-pregnant goats
was extracted from hypothalamic samples using
RNAI Plus (TaKaRa, Shiga, Japan). To minimize
naturally occurring transcriptomic differences
between individual animals, total RNA from three
different goats, including the hypothalamic tissues
of the pregnant (PH) and non-pregnant goat (NH)
groups, were combined in equal amounts to form
a composite sample. Subsequently, total RNA
was assayed using an RNA Nano 6000 Assay
Kit (Agilent Technologies, Santa Clara, CA,
USA) and an Agilent 2100 Bioanalyzer (Thermo
Fisher Scientific, MA, USA). An aliquot of
3 pug of total RNA per sample was used as in-
put material for generation of a small RNA li-
brary. Sequencing libraries were generated using
a NEBNext®Multiplex Small RNA Library Prep
Set for Illumina® (NEB, Ipswich, MA, USA) fol-
lowing the manufacturer’s recommendations,
and the index codes were added to attribute se-
quences to each sample (Ling et al. 2020). The li-
brary quality was assessed by an Agilent 2100
Bioanalyzer System (Thermo Fisher Scientific,
Waltham, MA, USA) using a high-sensitivity
DNA chip. The clustering of the index-coded
samples was performed with a TruSeq PE Cluster
Kit v3-cBot-HS (Illumina, San Diego, CA, USA)
on a cBot Cluster Generation System and the li-
brary preparations were sequenced on an Illumina
HiSeq 2500 platform in Shenzhen Huada Gene
Technology Co., Ltd. (Shenzen, China). Finally,
150-bp single-end reads were generated.

Bioinformatics analysis

Raw data in the fastq format were initially pro-
cessed by custom Perl and Python scripts. Raw data
were filtered to remove the reads containing poly-
N (with 5" adapter contaminants and poly A, T, G
or C, without 3" adapter or the insert tag) and low-
quality reads to obtain the clean data. Data quality
and length statistics were analysed using the filtered
data. The total distribution, all small non-coding
RNAs (sRNAs), and various types of sSRNA were
compared and annotated using the NCBI GenBank
(ftp.ncbi.nlm.nih.gov/genbank/) and Rfam (rfam.
janelia.org). Sequences were compared to the data
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in the sSRNA and miRBase (www.mirbase.org/ftp.
shtml) databases using BLAST to identify known
mi-RNAs for subsequent analysis and compare
miRNAs that were not annotated. Reads per million
(RPM) was used as a unit for estimation of the levels
of miRNAs. Differential expression analysis of two
stages was performed by the DESeq R package
v3.1.2 (www.r-project.org). P-value < 0.05 was con-
sidered to define differential expression of miRNA.
Differential expression levels of miRNAs were com-
pared using the log,-ratio (fold change, FC) scatter
plots (Kanehisa et al. 2008). |FC| > 2 was defined
as an increase in the expression, and |FC| < 0.5
was considered a decline; 0.5 < |FC| < 2 was defined
as equal expression. Cluster software v3.0 (Stanford
University, Stanford, CA, USA) was used to per-
form the clustering based on the log, values of the
multiple significantly differentially expressed miR-
NAs. RNAhybrid software (http://bibiserv.techfak.
uni-bielefeld.de/rnahybrid) was used to predict
the target genes of miRNAs. Functions and path-
ways of the target genes of differentially expressed
miRNAs were acquired using the Gene Ontology
(GO, geneontology.org) and Kyoto Encyclopaedia
of Genes and Genomes (KEGG, www.genome.jp/
kegg/) databases. GO analysis used GOseq-based
Wallenius non-central hypergeometric distribu-
tion, which can be adjusted for a gene length bias.
KOBAS software was used to calculate the enrich-
ment of the candidate target genes in the KEGG
pathway. Pathways with FDR < 0.05 were considered
to be significantly enriched (Khanum et al. 2007).
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Reverse transcription quantitative
real-time PCR

To verify the accuracy of the RNA sequencing
data, six miRNAs were randomly selected for re-
verse transcription quantitative real-time PCR (RT-
qPCR). Total RNA (1 pg) was reverse transcribed
using Easy Script One-Step gDNA Removal and
c¢DNA Synthesis SuperMix (TransGen Biotech,
Peking, China). The cDNA template was reverse
transcribed using a dedicated reverse transcription
primer (RT-primer, Table 1) designed by miRNA
Design v1.01 (Vazyme Biotech Co., Ltd. Nanjing,
China). Specific upstream primers for RT-qPCR
were designed based on the sequence of each se-
lected miRNA (Table 1). The downstream prim-
ers were universal primers. The primers were
synthesized by Biotech Biotechnology Co., Ltd.
(Shanghai, China). U6 (NCBI reference sequence:
KM401595.1) was used as a control. Master Mix
was used to perform RT-qPCR on Step One Plus
Real-Time PCR System (ABI, Waltham, MA, USA)
according to the manufacturer’s instructions.
The PCR mixture (total volume of 20 ul) included
10 pl of SYBR Green Mix (Tolo Biotech, Shanghai,
China), 2 pl of cDNA, 0.4 pl of forward primer
(10 pM), 0.4 pl of reverse primer (10 uM) and 7.2 pl
of ddH,0. The template was denatured at 95 °C
for 5 min, followed by 40 cycles at 95 °C for 15 s
and 60 °C for 30 s and an extension at 60 °C for 30 s;
then, the reaction was heated at a rate of 0.2 °C per
1sto 95 °C. Each sample was assayed in triplicate.

Table 1. Primers for reverse transcription (RT) and RT quantitative real-time PCR (RT-qPCR) of microRNAs!

microRNA RT-primer RT-qPCR-primer
chileb7E5 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA- F: CGCGCGTGAGGTAGTAGATTGT
P CTGGATACGACAACTAT R: AGTGCAGGGTCCGAGGTATT
chi-miR.423.5 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA- F: GTGAGGGGCAGAGAGCGA
P CTGGATACGACAAAGTC R: AGTGCAGGGTCCGAGGTATT
chi-miR.708.5 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA- F: GCGCGAAGGAGCTTACAATCTA
P CTGGATACGACCCCAGC R: AGTGCAGGGTCCGAGGTATT
hi-miR 130035 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA- F: CGCGCAGTGCAATGTTAAA
P CTGGATACGACTGCCCT R: AGTGCAGGGTCCGAGGTATT
himiR145.5 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA- F: CGGTCCAGTTTTCCCAGGA
chi-mt P CTGGATACGACAGGGAT R: AGTGCAGGGTCCGAGGTATT
himiR.99a.5 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCA- F: GCGAACCCGTAGATCCGA
P CTGGATACGACACAAGA R: AGTGCAGGGTCCGAGGTATT
Us TTGCGCAGGGGCCAT F: CTCGCTTCGGCAGCACATA

R: TTGCGCAGGGGCCAT

!The sequence of cDNA template is 5'-NNNN+GTCGTATCCAGTGCGAATACCTCGGACCCTGCACTGGATAC-

GAC-3', NNNN indicate the mature sequence of microRNAs
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Table 2. The classification of total small RNA tags
by Solexa sequencing

NH PH

Type

count % count %
total_reads 12 125 000 11 696 869
high_quality 12 081 583 100 11 648 943 100
3'adapter_null 45289 0.37 55322 047
insert_null 2533  0.02 587  0.01
Sadapter_con- 6988  0.06 8477 007
taminants
smaller_than_18nt 238121 1.97 239669  2.06
polyA 116  0.00 125  0.00
clean_reads 11788536 97.57 11344763 97.39

NH = non-pregnant goat hypothalamus; PH = pregnant
goat hypothalamus

The relative expression of miRNA was calculated
using the 2724 method. The SPSS v19.0 software
(SPSS Inc., Chicago, IL, USA) was used for statisti-
cal analysis of the data. Data are presented as the
mean * SD, and the differences were considered
significant if the P-value was < 0.05.

RESULTS

Overview of sSRNA sequencing
of goat hypothalami

The filtered data passed the sequencing quality
assessment, and the statistical sequencing results
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were used to identify a total of 12 125 000 original
sequences in the non-pregnant goat hypothalamus
(NH), and a total of 11 696 869 original sequences
in the pregnant goat hypothalamus (PH). After re-
moval of impurities, 11 788 536 pure reads were
obtained in the NH library, and 11 344 763 pure
reads were obtained in the PH library (Table 2).
The length of the sequences of the NH library
was mainly between 18 and 27 nt, and the length
of the sequences of the PH library was mainly be-
tween 20 and 24 nt (Figure 1).

The sequence length distribution indicated
that the sequencing libraries in this experiment
contained various miRNAs. The number and
types of publicly available sequences and types
of novel miRNAs in NH and PH libraries are
shown in Figure S1 [in electronic supplementary
material (ESM); for the supplementary material
see the electronic version] (Table S1 in ESM).
A total of 22 082 507 publicly available sequenc-
es were detected in the two libraries, accounting
for 95.46% of the sequences. The number of the se-
quences in the NH library was 659 839, accounting
for 66.78%, and the number of the sequences in the
PH library was 193 513, accounting for 23.25%.

sRNA classification notes

All sSRNAs and various types of RNAs were com-
pared. A total of 638 609 pure sequences were iden-
tified in NH, and a total of 276 425 pure sequences
were present in PH. MiRNAs accounted for 26.08%

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

Length (nt)

16 17 18 19 20 21 22 23 24 25 26 27 28
Length (nt)

Figure 1. Distribution of sequence lengths of the sequencing results

(A) Frequency distribution of microRNA sequence lengths in the hypothalamus of the non-pregnant goat group (NH);

(B) frequency distribution of microRNA sequence lengths in the hypothalamus of the pregnant goat group (PH)
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Table 3. Expression of the most abundant known microRNAs

microRNA NH
expressed SD

chi-miR-100-5p 252 015 31617.409
chi-let-7f-5p 218 829 27 453.945 1
chi-miR-99b-5p 161 849 20305.323 2
chi-miR-9-5p 152 285 19105.438 7
chi-miR-125a-5p 89 370 11 212.2209
chi-miR-127-3p 39592 4967.150 6
chi-miR-125b-5p 36 659 4.599.181
chi-miR-148a-3p 24181 3033.7106
chi-miR-10b-5p 23 373 2932.3401
chi-let-7c¢-5p 20 605 2 585.071 2

microRNA PH
expressed SD

chi-let-7f-5p 764 667 96 153.541 5
chi-miR-100-5p 666 475 83 806.325 6
chi-miR-99b-5p 375 361 47 200.009 3

chi-miR-9-5p 343 258 43 163.197
chi-miR-125a-5p 280437 35263.730 1
chi-miR-127-3p 112 377 14130.917 8
chi-miR-125b-5p 108 230 13 609.450 6

chi-let-7e-5p 65 164 8194.088 9
chi-miR-99a-5p 60 480 7 605.096 3
chi-miR-148a-3p 57 538 7235.152 6

NH = non-pregnant goat hypothalamus; PH = pregnant goat hypothalamus

and 49.11% of the sequences in NH and PH, re-
spectively. However, the miRNAs sequence types
accounted for only 0.48% and 1.33% of sequences
in NH and PH libraries, respectively. Most of the
remaining sequences were mainly classified as un-
known sequences. The results show that the ex-
pression of known miRNAs was higher than that of
novel miRNAs (Figure S2 and Table S2 in ESM).

Predicted novel miRNAs

The sequences were compared with the data from
the sSRNA and miRBase (www.mirbase.org/ftp.
shtml) databases by BLAST to identify novel miR-
NAs. A total of 390 and 384 known miRNAs were
identified in NH and PH, respectively. A total of
192 novel and 239 novel miRNAs were detected
in NH and in PH, respectively.

Differential analysis of known
and novel miRNAs

To identify the differences between the two li-
braries of known and novel miRNAs, specifically
expressed miRNAs were analyzed (Tables 3 and 4,
Figure 2). The known miRNAs included 171 dif-
ferentially expressed miRNAs (Table S3 in ESM);
152 miRNAs were co-expressed; 14 miRNAs were
specifically expressed in NH, and 5 miRNAs were spe-
cifically expressed in PH. The novel miRNAs in-
cluded 109 differentially expressed miRNAs
(Table S4 in ESM); 26 miRNAs were co-expressed
in both libraries; 23 novel miRNAs were specifi-
cally expressed in NH, and 60 miRNAs were spe-
cifically expressed in PH. Most of miRNAs in both
libraries had low expression levels. The PH-specific
expression of novel-mir-176 had 2 523 RPM, nov-
el-mir-244 had 1 044 RPM, novel-mir-280 had

Table 4. Expression of the most abundant novel microRNAs

microRNA NH microRNA PH
expressed SD expressed SD

novel-mir-159 12 897 1618.038 novel-mir-159 37 607 4728.916
novel-mir-55 2822 354.043 7 novel-mir-55 18133 2 280.146
novel-mir-61 793 99.488 5 novel-mir-176 2523 317.256 3
novel-mir-109 344 43.1577 novel-mir-61 2245 282.299
novel-mir-53 186 23.3353 novel-mir-244 1 044 131.278 4
novel-mir-62 139 17.438 7 novel-mir-280 1041 130.901 2
novel-mir-104 119 14.929 6 novel-mir-53 384 48.286 3
novel-mir-8 108 13.549 5 novel-mir-280 334 41.999 0

NH = non-pregnant goat hypothalamus; PH = pregnant goat hypothalamus
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Figure 2. Scatter plot of the expression of differential microRNAs (miRNAs)

(A) Known miRNAs; (B) novel miRNAs

NH = non-pregnant goat hypothalamus; PH = pregnant goat hypothalamus

1041 RPM, and the majority of other miRNAs were
expressed relatively little.

Known and unknown differentially expressed
miRNAs were clustered, and miRNAs with simi-
lar expression patterns were clustered with each
other. In the cluster diagram, the expression level
of green miRNAs in PH was higher than that in
NH, while the trend of red miRNAs was opposite
(Figure S3 in ESM).

Functional enrichment analysis of predicted
target genes of miRNAs

To investigate the functions of miRNAs in the hy-
pothalamus, the target genes of known and novel
miRNAs differentially expressed were predicted
using the RNAhybrid and TargetScan software.
Gene Ontology enrichment analysis of all pre-
dicted target genes of differentially expressed
miRNAs was performed (Figure 3). Gene Ontology
terms of target genes of known and unknown miR-
NAs were involved in biological functions related
to reproduction, including biological regulation,
cell killing, biological process regulation and re-
sponse to stimulation. Enrichment in reproduc-
tion and reproductive process was abundant.
Additionally, the predicted target genes were sub-
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jected to KEGG pathway analysis, and the top 20
pathways of the enriched pathways are shown
as bubble charts (Figure 4). The results showed
that the target genes of differentially expressed
known and unknown miRNAs are related to the
pentose phosphate pathway, Jak-STAT signalling
pathway, galactose metabolism, and neurotrophin
signalling pathway. Notable enrichment was de-
tected in the reproduction-related pathways, such
as the TGF-beta signalling pathway, Wnt signalling
pathway, MAPK signalling pathway, insulin signal-
ling pathway and other pathways which are not
shown in Figure 4.

RT-qPCR validation of differentially
expressed miRNAs

To validate data from RNA-seq, we studied dif-
ferentially expressed miRNAs using qRT-PCR. Six
miRNAs were randomly selected, and the results
are shown in Figure 5. The RT-qPCR results showed
that the expression levels of chi-let-7f-5p, chi-miR-
99a-5p, chi-miR-423-5p and chi-miR-130a-3p
in PH were higher than those in NH, and an op-
posite trend was observed in the case of chi-miR-
708-5p and chi-miR-145-5p. These results were
consistent with the sequencing data.
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Figure 3. Bar chart for GO enrichment analysis of the target genes of differentially expressed microRNAs
(A) Predicted target genes of known microRNAs; (B) predicted target genes of novel microRNAs
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Figure 4. Top 20 KEGG pathway enrichment of the target genes of differentially expressed microRNAs
(A) Predicted target genes of known microRNAs; (B) predicted target genes of novel microRNAs
NH = non-pregnant goat hypothalamus; PH = pregnant goat hypothalamus
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Figure 5. Validation of the RNA-seq (quantification) results by RT-qPCR
Results represent the mean (+ SD) of three experiments. The P-values between the non-pregnant goat hypothalamus

(NH) and pregnant goat hypothalamus (PH) groups were less than 0.05

DISCUSSION

The economic benefit of goats is mainly deter-
mined by total productivity, and the productivity
of female goats is dependent on fertility and kid
size (McBride et al. 2012). Reproductive functions,
such as reproductive activities, are regulated by the
endocrine or reproductive axis known as the “hy-
pothalamic-pituitary-gonadal axis” The hypothala-
mus is an important part of this reproductive axis.
Therefore, the hypothalamic tissues of goats were
collected during pregnancy and non-pregnancy
for RNA sequencing to identify reproduction-
related miRNAs in the hypothalamus. These data
provide a basic reference for subsequent studies
on the regulatory role of miRNAs in mammalian
pregnancy.

A total of 280 differentially expressed miR-
NAs were identified, of which 171 were known
miRNAs and 109 were novel miRNAs. The ex-
pression of two miRNAs, miR-7 and miR-7b,
was reported to be enriched in the hypothalamus
of adult mice (Bak et al. 2008). In the rat hypo-
thalamus, let-7 family, miR-136, miR-125a, miR-
138, miR-124a, miR-338, let-7c, miR-7a/b, and
miR-212 expression levels were high (Amar et al.
2012). Moreover, miR-16, miR-21, and miR-148a
were the most abundant in the porcine hypothala-
mus (Haack et al. 2019). Our data are consistent
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with the results on the enrichment of the miR-7
and let-7 families in mice and rats, both families
were expressed in excess of 10 000 and were up-
regulated during pregnancy. Let-7f knockdown
in endocervical epithelial cells affected the ex-
pression of many transcription factors (e.g. C/EBP
beta), which are important regulators of immune
responses (Ayyar and Reddy 2017). Expression
of let-7f and miR-99a was different in the ova-
ries of prolific and non-prolific goats, and let-7f
and miR-99a may affect follicular development
(Zi et al. 2017). Moreover, let-7f was differential-
ly expressed at the highest level in the follicular
and luteal phase ovaries of goats (Zhu et al. 2016).
In this study, the expression levels of let-7f and
miR-99a were significantly differentially expressed
in the hypothalamus of pregnant versus non-preg-
nant goats. The expression of miR-100-5p in NH
was the highest and was significantly higher than
the expression in PH. These data indicate that let-
7f-5p, miR-99a-5p and miR-100-5p may be in-
volved in the regulation of reproductive function
in the hypothalamus.

Then, functional analysis of known and novel
miRNAs was performed. The results of GO analysis
showed enrichment in only four functions, includ-
ing lipopeptide binding, inner ear morphogenesis,
humoral immune response mediated by circulat-
ing immunoglobulin and cellular response to a bi-
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otic stimulus. The hypothalamus is the location
of growth hormone-releasing hormone (GRHR)
synthesis in the brain. Lipopeptide is an antago-
nist of GRHR and inhibits the effects of GRHR
(Zarandi et al. 2006). In addition, the immune-re-
lated function was enriched in the hypothalamus
during pregnancy, and immune stress regulates
reproduction (Segner et al. 2017). Moreover, these
functions are related to reproduction and the re-
productive process.

Finally, the target genes of the known and novel
miRNAs were analysed by KEGG. The genes were
included in many pathways related to reproduc-
tion but were not enriched. For example, the genes
participated in the MAPK signalling pathway, Wnt
signalling pathway, insulin signalling pathway,
and other pathways. MAPK signalling is an es-
sential pathway in the hypothalamus that regu-
lates the synthesis and secretion of GHRH (Fu
et al. 2015). GHRH significantly stimulates pro-
gesterone production and cAMP accumulation
in rat ovarian granulosa cells in a dose-dependent
manner. GHRH has an effect on ovarian steroid
production in rats and is involved in the regula-
tion of the key steroid production steps related
to progesterone degradation (Zhang et al. 2018).
Most GH cells have GHRH receptors, indicating
that GHRH is partially involved in the regulation
of growth hormone (GH). Notably, GH is a predict-
ed target gene of known differentially expressed
miRNAs, including chi-mir-1, chi-mir-122, chi-
mir-140, chi-mir-206 and chi-miR-29a-3p. GH is
vital for the ovary and directly regulates gonad-
otropin-dependent and independent functions
(Aguiar-Oliveira et al. 2017; Ob’edkova et al.
2017). GH effects on the ovaries before preg-
nancy influence gametogenesis and steroid pro-
duction (Choe et al. 2018). During pregnancy,
the GH system is regulated by placental growth
hormone that increases during the growth of the
placenta and stimulates IGF1 levels in the preg-
nant animals, leading to a decline in pituitary GH
secretion (Vila and Luger 2018). The classic Wnt
signalling pathway plays a central and multifac-
eted role in the regulation of the growth, pattern,
differentiation and nucleation of the hypothala-
mus (Benzler et al. 2013). Additionally, brain-
derived insulin production in the hypothalamus
is regulated by the Wnt/p-catenin signals (Lee
et al. 2016). The insulin level is an essential factor
for the regulation of blood sugar, and the normal
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insulin level is one of the cornerstones for preven-
tion of various risks, such as congenital malfor
mations during pregnancy, overgrowth of the foe-
tus, and premature birth (Ringholm et al. 2019).
Our data indicate that miRNA-targeted genes are
associated with the insulin signalling pathway
in the hypothalamus.

CONCLUSION

The results of this study indicate that miRNAs in
the goat hypothalamus are differently expressed
in pregnancy versus non-pregnancy. The results
indicate that let-7f-5p, miR-99a-5p and miR-100-5p
are probably involved in the regulation of repro-
ductive function in the goat hypothalamus, and
provide a basic reference for additional studies
on the regulatory role of miRNAs in mammalian
pregnancy.

Acknowledgement

We thank to many people who support our re-
search, such as family, friends, colleagues and
classmates. They gave a lot of help in the process
of our study.

Conflict of interest

The authors declare no conflict of interest.

REFERENCES

Aguiar-Oliveira MH, Souza AH, Oliveira CR, Campos
VC, Oliveira-Neto LA, Salvatori R. Mechanisms in en-
docrinology: The multiple facets of GHRH/GH/IGF-I
axis: Lessons from lifetime, untreated, isolated GH
deficiency due to a GHRH receptor gene mutation. Eur
J Endocrinol. 2017 Aug 1;177(2):R85-97.

Amar L, Benoit C, Beaumont G, Vacher CM, Crepin D,
Taouis M, Baroin-Tourancheau A. MicroRNA expres-
sion profiling of hypothalamic arcuate and para-
ventricular nuclei from single rats using Illumina se-
quencing technology. ] Neurosci Meth. 2012 Jul 30;
209(1):134-43.

Ayyar K, Reddy KVR. Transcription factor CCAAT/en-

hancer-binding protein-ff upregulates micro RNA, let-



Original Paper

Czech Journal of Animal Science, 66, 2021 (05): 156167

7f-1 in human endocervical cells. Am ] Reprod Immunol.
2017 Dec;78(6).

Bak M, Silahtaroglu A, Moller M, Christensen M, Rath
MEF, Skryabin B, Kauppinen S. MicroRNA expression
in the adult mouse central nervous system. RNA. 2008
Mar 1;14(3):432-44.

Benzler J, Andrews ZB, Pracht C, Stohr S, Shepherd PR,
Grattan DR, Tups A. Hypothalamic WNT signalling is
impaired during obesity and reinstated by leptin treat-
ment in male mice. Endocrinology. 2013 Dec 1;154
(12):4737-45.

Chen Z,Luo ], Ma L, Wang H, Cao W, Xu H, ZhuJ, Sun,
Li J, Yao D, Kang K, Gou D. MiR130b-regulation
of PPARY coactivator-la suppresses fat metabolism
in goat mammary epithelial cells. PloS One. 2015 Nov
18;10(11): 16 p.

Choe SA, Kim M]J, Lee HJ, Kim J, Chang EM, Kim JW,
Park HM, Lyu SW, Lee WS, Yoon TK, Kim YS. In-
creased proportion of mature oocytes with sustained-
release growth hormone treatment in poor responders:
A prospective randomized controlled study. Arch Gy-
necol Obstet. 2018 Mar;297(3):791-6.

Dagklis T, Ravanos K, Makedou K, Kourtis A, Rousso D.
Common features and differences of the hypothalamic—
pituitary—gonadal axis in male and female. Gynecol
Endocrinol. 2015 Jan 2;31(1):14-7.

Fu SP, Liu BR, Wang JF, Xue W], Liu HM, Zeng YL, Huang
BX, Li SN, Lv QK, Wang W, Liu JX. B-hydroxybutyric
acid inhibits growth hormone-releasing hormone syn-
thesis and secretion through the GPR109A/extracellular
signal-regulated 1/2 signalling pathway in the hypo-
thalamus. ] Neuroendocrinol. 2015 Mar;27(3):212-22.

Haack F, Trakooljul N, Gley K, Murani E, Hadlich F, Wim-
mers K, Ponsuksili S. Deep sequencing of small non-
coding RNA highlights brain-specific expression
patterns and RNA cleavage. RNA Biol. 2019 Dec 2;
16(12):1764-74.

Kanehisa M, Araki M, Goto S, Hattori M, Hirakawa M,
Itoh M, Katayama T, Kawashima S, Okuda S, Toki-
matsu T, Yamanishi Y. KEGG for linking genomes to life
and the environment. Nucleic Acids Res. 2008 Jan;36
Suppl 1:D480-4.

Khanum SA, Hussain M, Kausar R. Assessment of repro-
ductive parameters in female Dwarf goat (Capra hircus)
on the basis of progesterone profiles. Anim Reprod Sci.
2007 Dec 1;102(3-4):267-75.

Lee VH, Lee LT, Chow BK. Gonadotropin-releasing hor-
mone: Regulation of the GnRH gene. FEBS J. 2008
Nov 1;275(22):5458-78.

Lee J, Kim K, Yu SW, Kim EK. Wnt3a upregulates brain-

derived insulin by increasing NeuroD1 via Wnt/f3-

166

https://doi.org/10.17221/113/2020-CJAS

catenin signaling in the hypothalamus. Mol Brain. 2016
Mar;9(1): 12 p.

LiJ, Qu H, Jiang H, Zhao Z, Zhang Q. Transcriptome-
wide comparative analysis of microRNA profiles in the
telogen skins of liaoning cashmere goats (Capra hir-
cus) and fine-wool sheep (Ovis aries) by solexa deep
sequencing. DNA Cell Biol. 2016 Nov 1;35(11):
696-705.

Ling Y, Zheng Q, Jing ], Sui M, Zhu L, LiY, Zhang Y, Liu Y,
Fang F, Zhang X. RNA-seq reveals mirna role shifts
in seven stages of skeletal muscles in goat fetuses and
kids. Front Genet. 2020 Jul 7;11: 12 p.

McBride D, Carr W, Sontakke SD, Hogg CO, Law A,
Donadeu FX, Clinton M. Identification of miRNAs as-
sociated with the follicular-luteal transition in the
ruminant ovary. Reproduction. 2012 Aug 1;144
(2): 13 p.

Niu B, Wu J, Mu H, Li B, Wu C, He X, Bai C, Li G, Hua
J. miR-204 regulates the proliferation of dairy goat sper-
matogonial stem cells via targeting to Sirtl. Rejuv Res.
2016 Apr;19(2):120-30.

Ob’edkova K, Kogan I, Krikheli I, Dzhemlikhanova L,
Muller V, Mekina I, Lesik E, Komarova E, Mazi-
lina M, Niauri D, Gzgzyan A, Aylamazyan E. Growth
hormone co-treatment in IVE/ICSI cycles in poor re-
sponders. Gynecol Endocrinol. 2017 Dec 22;33
Suppl 1:15-7.

Quan Q, Zhu L, Zheng Q, Wu H, Jing J, Chen Q, Liu Y,
Fang F, Li Y, Zhang Y, Ling Y. Comparison of the pi-
tuitary gland transcriptome in pregnant and non-preg-
nant goats (Capra hircus). Czech J Anim Sci. 2019 Oct
14;64(10):420-30.

Ringholm L, Damm P, Mathiesen ER. Improving preg-
nancy outcomes in women with diabetes mellitus:
Modern management. Nat Rev Endocrinol. 2019
Jul;15(7):406-16.

Segner H, Verburg-van Kemenade BL, Chadzinska M.
The immunomodulatory role of the hypothalamus-
pituitary-gonad axis: Proximate mechanism for repro-
duction-immune trade offs? Dev Comp Immunol. 2017
Jan 1;66:43-60.

Tang X, Wang J, Zhou S, Zhou J, Jia G, Wang H, Xin C,
Fu G, Zhang J. miR-760 regulates skeletal muscle pro-
liferation in rheumatoid arthritis by targeting Myo18b.
Mol Med Rep. 2019 Dec 1;20(6):4843-54.

Vila G, Luger A. Growth hormone deficiency and preg-
nancy: Any role for substitution? Minerva Endocrinol.
2018 Mar 8;43(4):451-7.

Zarandi M, Varga JL, Schally AV, Horvath JE, Toller GL,
Kovacs M, Letsch M, Groot K, Armatis P, Halmos G.
Lipopeptide antagonists of growth hormone-releasing



Original Paper

Czech Journal of Animal Science, 66, 2021 (05): 156167

hormone with improved antitumor activities. Proc Natl
Acad Sci USA. 2006 Mar 21;103(12):4610-5.

Zhang JH, Zhang XD, Yue LN, Guo XY, Tang JX, Guo LR,
Li Y, Tang SS. Novel hGHRH homodimer promotes
fertility of female infertile hamster by up-regulating
ovarian GHRH receptor without triggering GH secre-
tion. Eur ] Pharm Sci. 2018 May 30;117:341-50.

Zhang Z, Li X, Li A, Wu G. miR-485-5p suppresses
Schwann cell proliferation and myelination by targeting
cdc42 and Racl. Exp Cell Res. 2020 Mar 1;388(1): 7 p.

167

https://doi.org/10.17221/113/2020-CJAS

Zhu L, Chen T, Sui MH, Han CY, Fang FG, Ma YH, Chu
MX, Zhang XR, Liu CY, Ling YH. Comparative profil-
ing of differentially expressed microRNAs between
the follicular and luteal phases ovaries of goats. Spring-
erplus. 2016 Aug 2;5(1): 15 p.

Zi XD, LuJY, Ma L. Identification and comparative anal-
ysis of the ovarian microRNAs of prolific and non-
prolific goats during the follicular phase using
high-throughput sequencing. Sci Rep. 2017 May 15;
7(1): 10 p.

Received: May 1, 2020
Accepted: February 24, 2021



	_Hlk62195401
	OLE_LINK12
	OLE_LINK13
	OLE_LINK37
	OLE_LINK14
	OLE_LINK15
	OLE_LINK30
	_Hlk55659878
	_Hlk55659837
	_Hlk67135155
	_Hlk62199312
	OLE_LINK3
	_Hlk63719376
	_Hlk62200295
	_Hlk62200365
	_Hlk62200438
	_Hlk62200798
	_Hlk63719842
	_Hlk62201655
	_Hlk62201970
	_Hlk62202379
	_Hlk58664237
	OLE_LINK35
	OLE_LINK36
	OLE_LINK34

