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Abstract

Background: Seven in absentia homolog 1 (SIAH1) is an E3 ubiquitin ligase containing a RING-finger domain and a
key regulator of normal development. Skin and hair follicle development is a complex and special process of
morphogenesis involving multiple signaling pathways. SIAH1 is enriched in the Wnt signaling pathway and
potentially related to hair follicle cycle and skin development. This study aims to provide evidence for the role of
SIAH1 in skin and hair development.

Results: Full-length cloning and analysis of SIAH1 was conducted to better understand its function.
Phylogenetically, the sequence of SIAH1 in the rabbit shares the greatest homology with Home sapiens, Pongo abelii
and Mus mulatta. Based on the rabbit hair follicle synchronization model, we found that the expression level of
SIAH1 in the regressive period of the rabbit hair cycle is significantly lower than in the active growth and rest
periods. In addition, the mRNA expression levels of skin and hair follicle development-related genes changed
significantly when SIAH1 was overexpressed and silenced. After SIAH1 overexpression, the expression levels of WNT2,
LEF1 and FGF2 decreased, and those of SFRP2 and DKK1 increased (P < 0.05). After interference of SIAH1, the
expression levels of WNT2, LEF1 and FGF2 increased (P < 0.05), and SFRP2 and DKK1 decreased.

Conclusions: SIAH1 can affect skin and hair follicle development and exert an inhibitory effect. These results could
provide foundamental insights into the role of SIAH1 as a target gene in rabbit skin and hair follicle development.
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Background
Skin and hair follicle development is a complex and spe-
cial morphogenic process in which multiple signaling
pathways and epithelial-mesenchymal interactions are
involved [1]. Skin and hair follicle development is a cyc-
ling and self-renewal process, consisting of three periods:

active growth (anagen), regression (catagen) then rest
(telogen) [2, 3]. Dermal papilla (DP) cells are located at
the base of the hair follicle and secrete a variety of cyto-
kines that regulate adjacent tissues, thereby regulating
hair growth and renewal [4, 5]. Dermal hair papilla cells
can be used as a cell model to study hair follicle growth
and periodic changes. A number of studies have revealed
that different genes have either a promoting or inhibi-
tory effect on skin and hair follicle development, includ-
ing hepatocyte growth factor (HGF), heat shock protein
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27 (HSP27), secreted frizzled-related protein 4 (SFRP2)
and fibroblast growth factor 5 (FGF5) [6–9]. Previously,
differentially expressed genes (DEGs) related to hair fol-
licle cycling were identified by Illumina sequencing in
skin samples from different stages of skin and hair fol-
licle developmental in Angora rabbits, including BMP2,
KRT17, HTATIP2 and SIAH1 [10].
Although multiple genes that are possibly implicated in

the skin and hair development have been identified, the
specific role of SIAH1 in this respect remains unclear.
SIAH1 is an E3 ubiquitin ligase containing a RING-finger
domain and a key regulator of normal development.
SIAH1 functions by degrading substrate proteins using the
polyubiquitin-proteasome pathway [11]. The Wnt signal-
ing pathway plays an important role in the regulation of
skin and hair follicle development, by regulating the hair
growth cycle and promoting hair follicle differentiation
[12]. SIAH1 affects the activation of the β-catenin-
dependent T cell factor/lymphocyte enhancer (TCF/LEF)
family of transcription factors by modifying the quantity
of β-catenin that is deposited in the nucleus, thereby regu-
lating cell proliferation [13–15]. SIAH1 displays a variety
of cell biological functions, participating in cell cycle regu-
lation, and cellular differentiation and apoptosis [16–18].
In our early studies, we found significant differences in
SIAH1 expression in rabbits at different stages of hair fol-
licle cycle, suggesting that the SIAH1 may be involved in
the periodic growth of hair follicles [10].
In this study, the complete coding sequence (CDS) of

SIAH1 of Angora rabbits was amplified. The sequence
characteristics and evolutionary relationship of SIAH1
were predicted using bioinformatics analysis. In addition,
mRNA expression levels of this gene from various tis-
sues were examined at different phases of hair growth.
Furthermore, interference and overexpression tech-
niques were utilized to promote and inhibit SIAH1
mRNA expression levels which, with other genes in-
volved in skin and hair follicle development, were exam-
ined in rabbit dermal papilla cells. The results provide
evidence for the role of SIAH1 in skin and hair
development.

Results
cDNA cloning and sequence analysis of SIAH1
The full length of the cloned SIAH1 (GenBank accession
no. MN520291) was 1715 bp, of which the 5′-untrans-
lated region (UTR) was 188 bp and the 3′-UTR 579 bp.
The open reading frame (ORF) had a length of 948 bp
and encoded 315 amino acids (Fig. 1a). The analysis in-
dicated that the CDS of SIAH1 contained RING struc-
tural (residues 74–108) and Sina (residues 115–311)
domains.
The isoelectric point (PI) and peptide molecular

weight predicted by the ProtParam tool were 6.40 and

34.9 kDa. The SIAH1 amino acid sequence had 29 resi-
dues with a negative charge and 26 with a positive
charge suggesting that the protein as a whole possessed
a negative charge. The instability coefficient was esti-
mated to be 46.92, indicating that this protein was classi-
fied as an unstable protein. The hydrophobicity analysis
indicated that SIAH1 was a hydrophilic protein. Accord-
ing to the results of SignalP 5.0 software analysis, the
protein possessed no apparent signaling peptide.
TMHMM prediction software demonstrated no signifi-
cant transmembrane protein domain, indicating that
SIAH1 was neither a membrane receptor nor a mem-
brane. SIAH1 was shown to be principally distributed in
the nucleus (47.8%) and secondarily within the cyto-
plasm (34.8%), indicating that SIAH1 performs its bio-
logical role mainly in the nucleus. The predicted
secondary structure was shown to be 21.59% α-helix,
51.75% random coil, 20.63% extended strand and 6.03%
beta turn.

Multiple sequence alignment and evolutionary
relationships of SIAH1
The sequence of the rabbit SIAH1 coding region obtained
from NCBI was aligned with the multiple amino acid
(AA) sequences of SIAH1 from other species using the
online tool Blastp. The AA sequences of SIAH1 were
99.65–97.18% identical with Mus musculus (XP_
006530847), Rattus norvegicus (NP_543181), Bos Taurus
(XP_005218736), Gallus gallus (XP_015147905), Equus
caballus (XP_023492691), Xenopus laevis (NP_
001085438), Pongo abelii (XP_002826444), Macaca
mulatta (NP_001247767), Home sapiens (NP_001006611),
Ovis aries (XP_004015022) and Danio rerio (NP_955815).
The two conserved domains of SIAH1 were also found in
identical positions, demonstrating that they were highly
conserved among different species. The sequence of
SIAH1 in rabbits was identical to Home sapiens, Pongo
abelii and Mus mulatta, except for the 32 AA N-terminal
end of the sequence (Fig. 1b).
NJ-phylogenetic trees were constructed using SIAH1

sequences from rabbits and multiple other species. The
amino acid sequence of rabbit SIAH1 possessed the
greatest homology with Home sapiens, Pongo abelii and
Mus mulatta and the lowest with Danio rerio (Fig. 1c).

Expression profile of SIAH1 in different tissues and hair
follicle cycle
Tissue distribution can provide useful insights into puta-
tive gene function. The expression of SIAH1 mRNA was
observed in all tissues examined with differential expres-
sion. The highest expression levels of SIAH1 mRNA
were detected in the lung, spleen, dorsal skin and kidney,
with a moderate level of expression detected in the
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intestine, liver and stomach, while the least expression
was observed in the brain, heart and leg muscles
(Fig. 2a).
mRNA levels of SIAH1 at were measured at 9 time

points in the skin development and hair follicle cycle of
the rabbit. These time points were selected based on the
cycle of rabbit hair follicles, including anagen, catagen
and telogen stages. Based on the rabbit hair follicle
synchronization model, we found that the expression

level of SIAH1 in the regressive period of the rabbit hair
cycle was significantly lower than that in the active
growth and rest periods (Fig. 2b).

Detection of SIAH1 mRNA expression after its
overexpression and interference
In order to analyze the functions of SIAH1, three specific
siRNAs were created and a pcDNA3.1-SIAH1 overex-
pression vector established. By preparing nucleic acid-

Fig. 1 Molecular characterization of SIAH1. a Nucleotide and deduced amino acid sequences of Angora rabbit SIAH1 gene. * indicates stop
codon; blue letters indicate initiation codon; green letters indicate termination codon; the RING domain is in bold and the Sina domain
underlined. b Multiple sequence alignment of deduced amino acids of SIAH1 between rabbit and other species. The black and gray highlights
represent identical and similar, respectively. c The neighbor-joining phylogenetic tree was constructed based on the SIAH1 amino acid sequence
of each species. The confidence of each node was evaluated repeatedly by 1000 bootstrap with Mega 7.0. The ruler (0.002) means
genetic distance
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liposome complexes, pcDNA3.1-SIAH1 and three siR-
NAs were transfected into DP cells and the expression
of SIAH1 quantified by qRT-PCR. Quantitative RT-PCR
analysis using GAPDH as the endogenous control indi-
cated that all three siRNAs reduced the expression of
SIAH1 mRNA but exhibited a different degree of inter-
ference compared with the siRNA-NC control group
(Fig. 3a).
By comparing SIAH1 mRNA levels in different siRNA

groups, it was found that siRNA-3 had the greatest in-
hibitory effect on SIAH1 mRNA expression levels, levels
which were significantly lower than those of the siRNA-

NC group, with inhibition ratios of 65.63, 82.98 and
87.23%, respectively (Table 1). In addition, we observed
that the SIAH1 mRNA expression levels in the
pcDNA3.1-SIAH1 group were significantly higher than
those in the pcDNA3.1 group (Fig. 3b).

Expression of skin and hair follicle development-related
genes following overexpression and interference of SIAH1
The pcDNA3.1-SIAH1 vector and siRNA-2 with the
highest inhibition ratio of SIAH1 mRNA expression
levels were transfected into DP cells, and the expression
levels of skin and hair follicle development-related genes

Fig. 2 Relative expression levels of SIAH1 in various tissues and hair follicle cycle. a Real-time RT-PCR was used to measure mRNA levels of SIAH1
in different tissues. The data represent means ± SD (n = 9). Expression levels in the leg muscle were set to 1.0. b Relative expression levels of
Angora rabbit SIAH1 during hair cycling in the dorsal skin. Data represent means ± SD (n = 9). Expression level at day 0 was set to 1.0

Fig. 3 Expression levels of SIAH1 mRNA in each group of cells. a The expression of siRNA-SIAH1 in three groups was quantified. siRNA significantly
reduced the expression of SIAH1 in DP cells. b pcDNA3.1-SIAH1 significantly reduced the expression of the SIAH1 mRNA level in DP cells. **
indicates a statistically significant difference (P < 0.01)
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WNT2, LEF1, FGF2, SFRP2 and DKK1 quantified by
qRT-PCR. The expression levels of these five genes
changed significantly when SIAH1 was overexpressed,
with WNT2, LEF1 and FGF2 expression levels decreased
and those of SFRP2 and DKK1 increased (P < 0.01)
(Fig. 4a). Conversely, siRNA-SIAH1 caused a significant
increase in the expression levels of WNT2, LEF1 and
FGF2, with a significant decrease in expression levels of
SFRP2 and DKK1 (P < 0.01) (Fig. 4b).

Discussion
Genetic factors play a major role in determining traits in
rabbit fur. Exploring the molecular mechanisms regulat-
ing skin and hair follicle development is currently a topic
of considerable attention in medical and biological re-
search [19, 20]. A previous study found that SIAH1 was
enriched in the Wnt signaling pathway and potentially
related to hair follicle cycle and skin development [10].
Many studies have confirmed that SIAH1 overexpression
in cells decreases the expression of β-catenin through β-
catenin degradation-dependent and independent mecha-
nisms [14, 21, 22]. β-catenin is involved in the prolifera-
tion and differentiation of hair follicle stem cells and
other biological regulation processes associated with skin
and hair follicle development [23–25]. However, there is

insufficient research evidence about the role of SIAH1 in
hair follicle cycling.
In the present study, we cloned and characterized the

full-length of the cDNA sequence of SIAH1 which was
found to include a 188 bp 5′-UTR, an ORF of 948 bp
and a 579 bp 3′-UTR. The predicted SIAH1 amino acid
sequence was found to contain a conserved protein do-
main family, of the Seven in absentia (Sina) superfamily.
Like its Drosophila Sina homologue, mammalian SIAH1
interacts with its target protein using the C-terminal
substrate binding domain and labels it with ubiquitin.
The protein complex then binds to the E2 protein via
the N-terminal RING domain of SIAH1 leading finally
to degradation of the substrate protein through the
ubiquitin-proteasome degradation pathway [26–28]. Ex-
cept for differences in length and sequence of the 32 AA
N-terminal end of SIAH1 in different animals, the se-
quence in rabbits is highly conserved compared with
other animals. The conserved sequence of SIAH1 con-
tains two major functional domains, indicating that the
role of SIAH1 may be stable across different species.
Phylogenetic tree analysis again revealed that the se-
quence possessed close genetic relationships with these.
SIAH1 mRNA was found to be widely expressed but at

different levels in all tissues examined in our study.

Table 1 Expression levels of SIAH1 mRNA in different siRNA groups

Group ΔCt ΔΔCt Relative expression Inhibition Ratio (%)

siRNA-1 8.94 ± 0.15 1.52 ± 0.15 0.34c 65.63%

siRNA-2 9.95 ± 0.16 2.54 ± 0.16 0.17b 82.98%

siRNA-3 10.37 ± 0.17 2.96 ± 0.17 0.13a 87.23%

siRNA-NC 7.41 ± 0.26 0.00 ± 0.26 1.00d –

Values with the same lower case letter indicate no significant difference (P > 0.05). Different letters indicate significant differences (P < 0.05). CT cycle threshold,
mRNA messenger RNA, siRNA small interfering RNA

Fig. 4 Effect of SIAH1 expression on the expression levels of skin and hair follicle development-related genes. a Effect of pcDNA3.1-SIAH1 on the
expression levels of WNT2, LEF1, FGF2, SFRP2 and DKK1 genes. b Effect of siRNA-SIAH1 on the expression levels of WNT2, LEF1, FGF2, SFRP2 and
DKK1 genes. * indicates a statistically significant difference (P < 0.05), ** indicates a highly statistically significant difference (P < 0.01)
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Wide differences in levels of SIAH1 mRNA expression
have also been observed in a range of adult and mouse
tissues [29, 30]. Studies have found that SIAH1 is also
widely present in many cell lines and human tissues
[31]. The extensive tissue distribution of SIAH1 suggests
that it may play an important cellular role. However, the
high levels of SIAH1 in dorsal skin suggests that it may
have a genetic function in those sites. According to rele-
vant research, the anagen, catagen and telogen phases of
Angora rabbit hair after shaving occur at 0–110, 120–
130 and 140–150 days, respectively [10]. Skin and hair
follicle development-related genes play different roles at
the various stages of hair follicle development. For ex-
ample, SFRP2 is principally expressed during the degen-
erative phase [8]. DDK1 is an inhibitor of the classical
Wnt signaling pathway and is mainly expressed during
the growth phase [32]. WNT2, LEF1 and FGF2 are prin-
cipally expressed during growth or degenerative phases
[33–35]. In the present study, the mRNA expression
levels of SIAH1 were found to be significantly lower in
the degenerative phase than in the growing and resting
phases. Quantification of the expression of skin and hair
follicle development-related genes indicated that there
was a significant relationship between SIAH1 and the
other related genes. These may explain why SIAH1 is
mainly expressed in the growth and resting phases, and
also suggests that SIAH1 does not play an important role
in the degenerative phase of hair follicles.
In order to explore whether SIAH1 promotes or plays

an inhibitory role in the hair cycling of the rabbit, sev-
eral skin and hair follicle development-related genes
were selected for functional verification. WNT2 plays an
important role in regulating hair length in hair follicle
morphogenesis and may be important for hair follicle
initiation [33, 36]. LEF1 mediates cell division and mi-
gration by mediating Wnt signaling by binding to β-
catenin [34]. FGF2 promotes the proliferation of dermal
papillae and mitosis of true skin fibroblasts [35]. During
catagen of hair follicles, SFRP2 affects skin and hair fol-
licle development by inhibition of keratinocyte prolifera-
tion and Wnt activity [8] and DKK1 has been shown to
promote the regression of hair follicles [37]. The expres-
sion levels of all these genes changed significantly after
overexpression of SIAH1. However, this change showed
two trends: the expression levels of WNT2, LEF1 and
FGF2 decreased, but those of SFRP2 and DKK1 in-
creased. After inhibition of SIAH1 expression, the ex-
pression levels of those genes exhibited a change that
was opposite. Therefore, we believe that SIAH1 inhibits
the skin development and hair follicle cycle.

Conclusions
In conclusion, we successfully amplified the complete
SIAH1 sequence based on the existing predicted

sequences and analyzed the structure, identity and phyl-
ogeny of the amino acid sequence. The expression of
SIAH1 in hair cycling and in different tissues was exam-
ined, revealing that SIAH1 is highly expressed in the
lung, spleen, dorsal skin and kidneys, with expression
levels of SIAH1 in the regressive period significantly
lower than that in the active growth and rest periods.
Measurement of the expression levels of other skin and
hair follicle development-related genes after overexpres-
sion and interference of SIAH1 mRNA revealed that the
gene can affect skin and hair follicle development and
exert an inhibitory effect. These results could provide
foundamental insights into the role of SIAH1 as a target
gene in rabbit skin and hair follicle development.

Materials and methods
Animals and sample collection
The Anhui Academy of Agricultural Sciences provided
6-month-old male Wanxi Angora rabbits. All animal
procedures were approved by the Animal Care and Use
Committee of Yangzhou University. The hair on the
back of each rabbit was shaved using an electric shaver
until the light pink skin was exposed, causing the struc-
ture of the hair follicles to be destroyed and resulting in
them starting a complete hair follicle cycle. The experi-
mental Angora rabbits were housed in an appropriate,
clean and disease-free environment and had free access
to water and pellet feed. The temperature and relative
humidity were regulated to 15–25 °C and 40–60%, re-
spectively. Rabbit health was monitored and recorded
twice daily (7:00 and 18:00). Rabbits were sacrificed with
intravenous injection of air. One cm2 of skin on the back
of each experimental rabbit was harvested into a sample
tube and placed quickly in liquid nitrogen, at days 0, 30,
60, 100, 110, 120, 130, 140 and 150. In addition, samples
of the heart, liver, spleen, lung, kidney, brain, stomach,
small intestine, dorsal skin and leg muscle were collected
from three healthy rabbits at 180 days of age. Similarly,
these samples of tissue were quickly placed in liquid ni-
trogen to prevent RNA degradation, then stored in a −
80 °C freezer for total RNA extraction.

Full-length acquisition of SIAH1
The full length of the SIAH1 gene was obtained using
three 5′-RACE primers (GSP1, GSP2 and GSP3) and
two 3′-RACE primers (C396–1 and C396–2) that were
designed by reference to the amplified CDS sequence.
The 5′ and 3′ end sequences were amplified using a
SMARTer™ RACE cDNA Amplification kit (Clontech,
China) in accordance with the manufacturer’s instruc-
tions. The amplified product was subjected to electro-
phoresis and the target band purified. After purification,
the product was ligated to a pMD-19 T vector, then the
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positive clone selected for sequencing. Sequences of the
primers are displayed in Table 2.

Sequence analysis of SIAH1
Sequence analysis of the Angora rabbit SIAH1 was per-
formed by ExPaSy software (https://web.expasy.org/prot-
param/) [38]. Protein sequence alignments were
performed using Clustal (https://www.ch.embnet.org/)
[39]. A phylogenetic tree was constructed using MEGA
7.0 software [40] Kumar using the neighbor-joining
method. Structural domains were predicted using
SMART (http://smart.embl-heidelberg.de/) [41] and the
secondary structure of the protein predicted using the
online software SOPMA (https://prabi.ibcp.fr/htm/site/
web/) [42]. Protein signal peptides were predicted using
SignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP-4.1/)
[43]. Protein transmembrane domains were predicted by
TMHMM (http://www.cbs.dtu.dk/services/TMHMM/)
[44]. Predictive analysis of subcellular localization of the
SIAH1 was conducted using PSORT II Prediction
(https://psort.hgc.jp/form2.html) [45].

Cell culture and transfection
Dermal papilla cell lines that were established by our re-
search group were used to consuct cell experiments. DP
cells were cultured in mesenchymal stem cell medium
(ScienCell®) containing 5% fetal bovine serum, 1% mes-
enchymal stem cell growth supplement and 1% penicil-
lin/streptomycin solution. The cells were cultured in an
incubator at 37 °C within an atmosphere containing 5%
CO2 and a high relative saturation humidity (95%). The
DP cells were seeded into 24-well cell culture plates then
transfected with Lipofectamine™ 3000 (Invitrogen, CA)
when 80% confluent, in accordance with the manufac-
turer’s recommended protocol.

Quantitative real-time polymerase chain reaction
Total RNA was extracted from the cultured cells and
skin and tissue samples using an RNA extraction kit
(Tiangen, China). Approximately 1 μg of total RNA was
synthesized into complete cDNA for qRT-PCR using
HiScript reverse transcriptase (Vazyme, China). The re-
verse transcription reaction contained 1 μg of total RNA
and 4 μL of 4 × gDNA wiper mix supplemented with

ddH2O to 16 μL. The first step reaction mixture was in-
cubated at 42 °C for 2 min, then 4 μL of 5 × qRT Super-
Mix were added to the 16 μL mixture which was
incubated at 50 °C for 15 min then 85 °C for 3 min to
synthesize cDNA. The template DNA was analyzed
using qRT-PCR with ChamQ™ SYBR® qPCR Master Mix
(Vazyme). The 20 μL PCR reaction included 10.0 μL 2 ×
ChamQ SYBR qPCR Master Mix, 0.4 μL of each specific
forward and reverse primer (10 μM), 0.4 μL of 50 × ROX
Reference Dye 2, 1.0 μL of cDNA and 7.8 μL of ddH2O.
The data were processed using a QuantStudio® 5 real-
time PCR system (Applied Biosystems). The 2-ΔΔCt

method [46] was used to calculate the relative expression
levels of genes, the resulting data normalized against the
endogenous control glyceraldehyde-3-phosphate de-
hydrogenase (GAPDH). All primers were designed using
Primer Premier 5.0 software and synthesized by Tsingke
Biological Company (Beijing, China) (Table 3).

Overexpression and interference of SIAH1
First strand cDNA was synthesized from the total RNA
from 1 μg of high-quality rabbit skin using a HiScript®
II1st Strand cDNA Synthesis Kit (Vazyme). Primers were
designed from the rabbit SIAH1 CDS sequence (Gen-
Bank accession no. XM_008275061.2). The 50 μL PCR
reaction mixture contained 1 μL cDNA, 2 μL forward
primer (10 μM), 2 μL reverse primer (10 μM), 1 μL
Phanta Max Super-Fidelity DNA Polymerase, 1 μL dNTP
Mix, 25 μL Phanta Max Buffer and 18 μL ddH2O. The
PCR product was identified using a 1.5% agarose gel and
the specific fragment recovered and purified using an
agarose gel DNA extraction kit (TaKaRa, China). The
SIAH1 CDS sequence was subcloned into HindIII and
EcoRI digested pcDNA 3.1 vector (Invitrogen), which
was termed pcDNA3.1-SIAH1. The siRNA-SIAH1 and

Table 2 Primers used for RACE

Name Sequences of primers (5′-3′) Application

GSP1 TCTGCTGAAGAACTGC 5′-RACE

GSP2 TCAGGGGCAATCCTCCAC 5′-RACE

GSP3 GAGAGTGTACTAGGAGTCAAG 5′-RACE

C396–1 ATGGGCACAGGCGACGATTGACTT 3′-RACE

C396–2 GAGGGAATTGCGACAGCCATCATG 3′-RACE

Table 3 Primer sequences for qRT-PCR

Name Sequences of primers (5′-3′)

GAPDH F: CACCAGGGCTGCTTTTAACTCT
R: CTTCCCGTTCTCAGCCTTGACC

SIAH1 F: ACGACCGCGTCCAACAATGA
R: AGCTTTGGGCGACAGTTGCT

WNT2 F: AGCCATCCAGGTCGTCATGAACCAG
R: TGCACACACGACCTGCTGTACCC

LEF1 F: CATCTCGGGTGGATTCAGG
R: ATGAGGGATGCCAGTTGTG

FGF2 F: GTGTGTGCAAACCGTTACCTT
R: TCGTTTCAGTGCCACATACCAG

SFRP2 F: CCAGCCCGACTTCTCCTACAAGC
R: TCCAGCACCTCTTTCATGGTCT

DKK1 F: CACAGAGGACGAGGAGTGTG
R: CTTCCTGCAAGCCAGACAGA

F forward primer, R reverse primer
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siRNA-NC were purchased from GenePharma (Shang-
hai, China). The siRNA sequence is detailed in Table 4.

Statistical analysis
Statistical analysis was performed using SPSS v21.0 soft-
ware (IBM Corporation, Armonk, USA). All data were
presented as means ± SD. Depending on the various ex-
perimental requirements, either a one-way analysis of
variance or t-test was conducted to analyze the statistical
significance of the experimental data, with P < 0.05 con-
sidered the criterion for statistical significance.

Abbreviations
SIAH1: Seven in absentia homolog 1; mRNA: messenger RNA; siRNA: small
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