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and inhibits the apoptosis of canine mammary tumors by regulating
the expression of miR-8881/ELAVL4
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Abstract

Long-stranded noncoding RNAs (IncRNAs) play different roles in various diseases. IncRNA34977 has been shown to play
a relevant role the development of canine mammary tumors (CMTs). However, the mechanism of IncRNA34977 in canine
mammary tumors has not been fully investigated. The aim of this study was to investigate the effects of IncRNA34977 on
the proliferation, migration, invasion, and apoptosis of canine mammary tumor (CMT) cells through the regulation of miR-
8881/ELAVLA4 expression. The apoptosis was detected by an in situ fluorescence assay and flow cytometry. The expression
levels were analyzed by RT-qPCR. CCK-8, colony formation, wound healing, and Transwell assays were used to assess the
proliferation, migration, and invasion. The expression of protein was detected by western blot. The siRNA-induced silencing
of IncRNA34977 promoted the apoptosis of CHMp cells, and in overexpression of IncRNA34977, the result is the opposite.
LncRNA34977 has a direct targeting relationship with miR-8881 and that miR-8881 is correlated with ELAVL4. Transfection
of miR-8881 mimics inhibited the proliferation, migration, invasion, and promoted the apoptosis of CHMp cells of CHMp
cells. In the transfection with miR-8881 inhibitors, the result is the opposite. Co-transfected with IncRNA34977, miR-8881,
or ELAVL4, we found that IncRNA34977 could regulate the expression of miR-8881 or ELAVLA4. Our study shows that
IncRNA34977 promotes the proliferation, migration, and invasion and suppresses the apoptosis of CMT cells by regulating
the expression of miR-8881/ELAVLA4.
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Abbreviations Mut Mutant

CMTs Canine mammary tumors NC Non-specific control

LncRNAs Long noncoding RNAs

LncRNA34977 Long noncoding RNA 34,977

MiRNAs MicroRNAs Introduction

MiR-8881 MicroRNAS8881

RT-qPCR Real-time quantitative PCR Apart from canine skin tumors, canine mammary tumors
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the progressive study of genes in humans, the occurrence
of oncological diseases and abnormal gene expression have
been found to be highly correlated. Noncoding RNAs (ncR-
NAs) can regulate gene expression at the transcriptional and
posttranscriptional levels, regulate chromatin remodeling
and signal transduction, and act as key regulators of cellu-
lar processes in physiological and pathological contexts. In
particular, ncRNAs are closely associated with cancer and
have been identified that can both inhibit the development
of certain tumors and promote the development of certain
tumors (Anastasiadou et al. 2018).

Long noncoding RNAs (IncRNAs) are a family of ncR-
NAs that are 200-100,000 nucleotides in length (Bridges
et al. 2021; Xing et al. 2021). LncRNAs are closely cor-
related with tumors, and their abnormal expression can
affect the proliferation, metastasis, invasion, and apoptosis
of tumor cells and plays an important role in tumor develop-
ment (Tang et al. 2019). For example, increasing evidence
indicates that HOX transcript antisense RNA (HOTAIR),
which is often overexpressed in a variety of cancer cells,
such as colorectal, breast, and liver cancer cells, regulates
cellular pathways associated with cancer cell proliferation,
migration, invasion, and angiogenesis and exerts procancer
effects (Yu and Li 2015). LncRNA34977 is highly expressed
in canine mammary tumors and promotes the development
of canine mammary tumors (Lu et al. 2022), but its regula-
tory mechanism in canine mammary tumors is unclear.

MicroRNAs (miRNAs), a class of small RNAs approxi-
mately 20-24 nucleotides in length, represent another type
of ncRNA (Nicoloso et al. 2009; Wang et al. 2016). Increas-
ing evidence indicates that IncRNAs can bind to miRNAs
to regulate their function, which has been described as
sponge regulation (Nicoloso et al. 2009). This relation-
ship between miRNAs and IncRNAs implies that miRNAs
are also closely associated with tumors. LINCHCPS can
act as an endogenous competing RNA that binds to miR-
27a-3p to regulate IGF-1 protein expression, forming a
IncRNA-miRNA-mRNA regulatory network that affects
the proliferation, migration, invasion, and apoptosis of can-
cer cells (Chen et al. 2020). MiR-8881 is a member of the
miRNA family and has the physiological functions that miR-
NAs have, but it is poorly studied in human medicine or vet-
erinary medicine and its mechanism of action is unknown.
Related proteins can be produced by binding to miRNAs,
which in turn can have certain effects on various physiologi-
cal processes. nRNA ELAVLA4 is a segment of protein that
can interact with miRNAs, and its binding to miRNAs can
have effects on a range of physiological activities, but it has
rarely been reported in veterinary clinical tumors, and the
mechanism of action is unknown. The main objective of this
study was to assess the potential impacts of IncRNA34977
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on the development of canine mammary tumors by regulat-
ing the expression of miR-8881/ELAVL4 and thus provides
a new avenue for the treatment of canine mammary tumors.

Materials and methods
Sample collection and processing

Tumor samples and nonneoplastic tissues samples (2 cm
from the tumor tissue) of 30 canine mammary tumors were
obtained from various animal hospitals in Guangzhou,
China, and none of the 30 bitches had received any treat-
ment or medication. These 30 specimens were grade III
(G3) poorly differentiated malignant tumors. We followed
the animal welfare policy and obtained the owner’s consent.
We stored the samples at — 80 °C after processing. Samples
were extracted for total RNA and then used for RT-qPCR
experiments.

Cell culture and transfection

A stable CMT cell lines (CHMp) were used in this study,
provided by the Laboratory of Veterinary Surgery, Depart-
ment of Agronomy, Faculty of Life Sciences, University of
Tokyo, Japan. Cells were cultured in DMEM, addition of 1%
penicillin—streptomycin solution (100X) (C0222, Beyotime,
Shanghai, China) and 10% Australian fetal bovine serum
(Thermo Fisher Scientific, Waltham, MA, USA). Place the
cells in the incubator; the incubator (Thermo Fisher Sci-
entific, Waltham, MA, USA) was maintained at 37 °C and
5% CO,. Transfection was performed according to Lipo-
fectamine 3000 reagent, and plate cells were transfected at a
concentration of 5 X 105 in six-well plates. MiRNA transfec-
tion was performed as described for sSiRNAs. LncRNA34977
siRNA and a negative control (NC), miR-8881 mimics and a
miR-8881 mimic NC, an miR-8881 inhibitor and a miR-8881
inhibitor NC, and ELAVL4 siRNA and a negative control
(NC) were all purchased from Shanghai GenePharma Inc.
(Shanghai, China). The p3FLAG-N-CMV-10-IncRNA34977
IncRNA34977 overexpression plasmid was constructed
using the p3FLAG-N-CMV-10 vector. The sense and anti-
sense siRNA IncRNA34977 sequences were 5'-CCCGGG
AUACUGCCUACAUTT-3" and 5'-AUGUAGGCAGUA
UCCCGGGTT-3". The sense and antisense siRNA IncRNA
34,977 NC sequences were 5'-UUCUCCGAACGUGUC
ACGUTT-3" and 5'-ACGUGACACGUUCGGAGAATT-3".
The sense and antisense siRNA ELAVL4 sequences were
5'-GCAGUAGGUGCUACGAAAUTT-3' and 5'-AUUUCG
UAGCACCUACUGCTT-3". The sense and antisense siRNA
ELAVLA4 NC sequences were 5'-UUCUCCGAACGUGUC
ACGUTT-3" and 5-ACG UGACACGUUCGGAGAATT-3".
The sense and antisense miR-8881 mimic sequences were
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5'-UUUGUUUUCUCUGGUUCUGUACC-3" and 5'-UAC
AGAACCAGAGAAAACAAAUU-3". The sense and anti-
sense miR-8881 mimic NC sequences were 5'-UUCUCC
GAACGUGUCACGUTT-3" and 5-ACGUGACACGUU
CGGAGAATT-3". The sense and antisense miR-8881 inhibi-
tor and inhibitor NC sequences were 5'-GGUACAGAACCA
GAGAAAACAAA-3" and 5'-CAGUACUUUUGUGUA
GUACAA-3".

To verify the role of miR-8881 in CHMp cells, the
miR-8881 mimic or mimic NC and the miR-8881 inhibi-
tor or miR-8881 inhibitor NC were transfected into CHMp
cells with Lipofectamine 3000 (Thermo Fisher Scientific,
Waltham, MA, USA) and cultured for 48 h. To verify that
IncRNA34977 affects the function of CHMp cells through
miR-8881, IncRNA34977 siRNA or the NC was transfected
into CHMp cells with the miR-8881 inhibitor or inhibitor
NC and cultured for 48 h. ELAVLA4 siRNA or NC was trans-
fected into CHMp cells with miR-8881 mimics cultured for
48 h.

RT-qPCR

After extracting the total RNA, we detected the OD 260/280
values of RNA, which were used to calculate the RNA con-
centration. The RNA was reversed to cDNA according to
HiScript II Q RT SuperMix for qPCR (Vazyme Biotech,
Nanjing, China); the cDNA was premixed with ChamQ Uni-
versal SYBR qPCR Master Mix (Vazyme Biotech, Nanjing,
China) for quantitative real-time polymerase chain reaction.
ACTB was used as an internal control group. The sense and
antisense primers encoding miR-8881, ELAVL4, Bcl-2, and
Bax were designed using Vazyme miRNA primer design
software (Vazyme Biotech, Nanjing, China) and Primer
Premier 6.0 (PREMIER Biosoft, San Francisco, CA, USA)
software as follows:

miR-8881 sense primer, 5'-GGTTTCAAAGATAGAGCT
GGTAAGTTT-3'

miR-8881 antisense primer, 5'-AGTGCAGGGTCCGAG
GTATT-3'

ELAVLA4 sense primer, 5'-ATAGCGATGTGCAGGGAT
-3

ELAVLA4 antisense primer, 5'-TCAAATGAGCGAATG
GTC-3'

Bax sense primer, 5'-CGCAGATGAACTGGACAG
TAAC-3'

Bax antisense primer, 5'-AAGTAGAAGAGGGCAACA
ACC-3'

Bcl-2 sense primer, 5-CTTCGCCGTGATGTCCAG-3'

Bcl-2 antisense primer, 5'-CAGATGCGGGTTCAGATA
C-3

ACTB sense primer, 5'-GGCATCCTGACCCTGAAG
TA -3’

ACTB antisense primer, 5'-GGGGTGTTGAAAGTC
TCGAA-3'".

Collating the average CT values (amplified power curve
inflection point) of each group, the melting curve of this
experiment can be referred to in order to ensure the accuracy
and reliability of the results. After the average CT values
were obtained, the relative gene expression levels were cal-
culated by 2724 analysis.

Cell Counting Kit-8

The cell proliferation capacity of the cells was assayed
using Cell Counting Kit-8 (CCK-8; Beyotime Biotechnol-
ogy, Shanghai, China). The transfected cells were resus-
pended, and 2000 cells were transferred to 96-well plates.
Twenty-four hours later, 10 uL. of CCK-8 reagent was added
to the cells in the 96-well plates and incubated for 3.5 h.
Absorbance was measured at 450 nm using a Multiskan FC
(Thermo Fisher Scientific, Waltham, MA, USA) every 24 h.
Repeat for 3 days.

Clone formation

Resuspend and mix the transfected cells, aspirate 250 cells
to transfer into a six-well plate, allow the cells to be evenly
distributed, and incubate for 7-10 days. After the appearance
of clones containing > 20 cells, the cells were fixed with 95%
ethanol for 20 min, PBS was rinsed twice, then stained with
10% Giemsa dye solution for 20 min. After taking photo-
graphs, record the experimental data; (clone number/number
of inoculated cells) X 100%.

Wound healing

After the cells have grown to 75-80% in the well plate and
then scratched with 10 pl gun tip. Followed by rinsing with
PBS, the cells were cultured with DMEM without FBS.
Photographs were taken to record the wound healing at O h
and 24 h.

Cell invasion

Diluting Matrigel with DMEM in a ratio of 1:8.to make a
premix. Fifty microliters of the premix was added to the
Transwell insert and placed in the incubator at 37 ‘Cand
5% CO, for 4-6 h. Two hundred microliters of cytosol at a
concentration of 1x 10° was added to the Transwell insert,
and 500 pl of DMEM containing 10% FBS was added to
the bottom of the 24-well plate and incubated in the incuba-
tor for 24 h. After 24 h, the cells were washed twice with
PBS, fixed with 100% methanol for 20 min, then washed
with PBS, and stained with 10% Giemsa for 20 min. Excess
cells on the vesicle membrane were removed with cotton
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swabs, observed under the microscope, and photographed
for counting.

Flow cytometry analysis

Cells were transfected and incubated for 48 h. Apoptotic
cells were analyzed by flow cytometry (Beckman, Pasadena,
CA, USA). Briefly, for apoptosis analysis, cells were col-
lected and stained with Annexin V-FITC and propidium
iodide (PI) in the dark according to the procedure of the
Apoptosis Detection Kit (C1062S, Beyotime, Shanghai,
China). The cells were incubated for 15-20 min at room
temperature (2025 “C) in the dark and subsequently placed
in an ice bath. Flow cytometry was then performed.

In situ fluorescence detection

Cells were transfected and incubated for 48 h. Apoptotic
cells were analyzed by fluorescence microscopy. Briefly,
cells were stained with the membrane-linked protein V-FITC
and propidium iodide (PI) in the dark according to the pro-
cedure of the Apoptosis Detection Kit (C1062S, Beyotime,
Shanghai, China), incubated for 20 min at room tempera-
ture (25 “C) protected from light, and immediately after the
end and placed in an ice bath.The cells were immediately
observed under a fluorescence microscope, with Annexin
V-FITC being indicated by green fluorescence and propid-
ium iodide (PI) being indicated as red fluorescence.

Western blot

After transfecting CHMp cells with the miR-8881 mimic or
mimic NC, or the miR-888 inhibitor or inhibitor NC for 48 h,
the cells were lysed with a protein extraction kit (PO013,
Beyotime, Shanghai, China) in accordance. The total protein
of the desired sample was extracted using the method of this
kit. The sample protein concentrations were measured by the
BCA protein concentration assay kit (PO010S, Beyotime,
Shanghai, China). Calculated the amount of protein accord-
ing to the protein amount. Same amount of protein were
separated by SDS-PAGE on a 12.5% gel and electroblotted
onto polyvinylidene fluoride membranes (IPVH00010, Mil-
lipore, Massachusetts, USA). The membranes were blocked
with Protein-free Rapid Sealer 5x (PS108, Epizyme, Shang-
hai, China) for 10-15 min and incubated overnight at 4 °C
with primary antibodies against ELAVL4 (1:500, A10655,
ABclonal, Wuhan, China) and GAPDH (1:1000, AF0006,
Beyotime, Shanghai, China). After washing the membrane
twice with PBST buffer for 5 min each time, the membranes
were incubated with a horseradish peroxidase-conjugated
secondary antibody for 1-2 h at 37 C.
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Dual-luciferase reporter assay

Wild-type (WT) and mutant (Mut) reporter plasmids for
IncRNA34977 and ELAVL4-3’UTR were constructed;
IncRNA34977-Mut and ELAVL4-3’UTR-Mut were
obtained from Gene Create (Wuhan, China) and Sangon
Biotech (Shanghai, China), respectively. For the luciferase
reporter assay, CHMp cells were spread in 24-well plates
in DMEM supplemented with 10% FBS and placed in a
cell culture incubator. The IncRNA34977 (WT and Mut)
or ELAVL4-3’ UTR (WT and Mut) was cotransfected with
the miR-8881 mimic or mimic NC using Lipofectamine
3000. Forty-eight hours after transfection, the cells were
lysed, and the cell lysates were subjected to a dual lucif-
erase assay using the Dual Luciferase Reporter Gene Assay
Kit (RG027, Beyotime, Shanghai, China). The results are
expressed as relative luciferase activity (Firefly luciferase/
Renilla luciferase).

Statistical analysis

The experimental data were statistically analyzed using
GraphPad Prism software version 6.0 (GraphPad Software
Inc.), and the results were calculated using statistical soft-
ware 19.0 (IBM, New York, NY, USA). Data from three
and more groups were analyzed using one-way ANOVA,
while data from two groups were analyzed using #-test. All
experimental groups were repeated three times to ensure the
reliability of the experimental data, and the data obtained
were the mean + standard deviation. The results were statisti-
cally significant and significantly different when p <0.05 and
highly statistically significant when p <0.01.

Results
LncRNA34977 inhibits the apoptosis of CMT cells

To investigate the effect of IncRNA34977 on the apop-
tosis of CHMp cells, we transfected IncRNA siRNA and
IncRNA siRNA NC or p3FLAG-N-CMV-10-IncRNA34977
and p3FLAG-N-CMV-10-IncRNA34977 NC into cells and
then detected apoptosis by an in situ fluorescence assay. The
results showed that transfection of the IncRNA siRNA pro-
moted apoptosis and that overexpression of IncRNA34977
inhibited apoptosis (Fig. 1A). We also detected the expres-
sion levels of Bax and Bcl-2 in the different transfection
groups by RT-qPCR (Fig. 1B, C), and the results showed
that Bax expression was upregulated in the cells transfected
with the IncRNA siRNA and downregulated in cells overex-
pressing IncRNA34977; Bcl-2 expression was upregulated
in cells overexpressing IncRNA34977 and downregulated in
cells with siRNA-induced IncRNA silencing.
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Fig.1 LncRNA34977 inhibits the apoptosis of CMT cells. A Effect
of IncRNA34977 on the apoptosis of CMT cells. B, C After trans-
fection of IncRNA34977 siRNA or NC and p3FLAG-N-CMV-10-

Prediction and confirmation of the direct roles
of IncRNA34977 and miR-8881

We examined the relative expression of overexpressed
IncRNA34977, and the results showed that the expression
of IncRNA34977 was significantly increased in the over-
expression group compared with the blank group and the
control group (Fig. 2F). We predicted the direct targets of
IncRNA34977 using the online bioinformatics tool Tar-
getScan. We found that IncRNA34977 has binding sites
for miR-8881 (Fig. 2A). We predicted that ELAVL4 was
a potential target of miR-8881 (Fig. 2B). Subsequently,
we constructed wild-type (WT) and mutant (Mut) lucif-
erase reporter vectors for IncRNA34977 and ELAVL4-3’
UTR using the psiCHECK?2 plasmid. Then, the cells were
cotransfected with the miR-8881 mimic or mimic NC. The
luciferase activities were measured 48 h after transfection.
The miR-8881 mimic significantly attenuated the luciferase

IncRNA34977siRNANC

p3FLAG-N-CMV-10
-IncRNA34977

p3FLAG-N-CMV-10-NC

* Kok ok

2.54

Relative Expression

IncRNA34977 or p3FLAG-N-CMV-10-NC, the expression levels of
Bax and Bcl-2 were determined by RT-qPCR (*P <0.05, **P <0.01,
##%P <0.001, ****P<0.0001)

activity in cells transfected with the IncRNA34977-WT or
ELAVL4-3° UTR-WT plasmid, but the luciferase activity
was not altered in cells transfected with the IncRNA34977-
Mut or ELAVL4-3> UTR-Mut plasmids (Fig. 2C, D). The
results of this experiment indicate that miR-8881 can bind
to the 3" UTR of the IncRNA34977 gene and inhibit its
luciferase activity and bind to the ELAVL4-3' UTR and
inhibit its luciferase activity. To further confirm the rela-
tionship between IncRNA34977 and miR-8881, we also
transfected an siRNA targeting IncRNA34977 into CHMp
cells and assessed miR-8881 expression by RT-qPCR after
24 h. The experiments were repeated three times, and the
results showed that miR-8881 expression was upregulated
in CHMp cells treated with the IncRNA34977 siRNA
(Fig. 2E). In summary, miR-8881 is a downstream tar-
get of IncRNA34977, and the two are inversely regulated.
ELAVLA4 is a downstream target of miR-8881.
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Fig.2 Prediction and confirmation of the direct roles of C, D Luciferase activities were detected 48 h after transfection.

IncRNA34977 and miR-881. A, B The predicted binding sites of
miR-8881 on IncRNA34977 and ELAVL4. The wild-type or mutant
IncRNA34977 (IncRNA34977 WT and IncRNA34977 Mut) and the
ELAVL4-3" UTR (ELAVL4 WT and ELAVL4 Mut) were cotrans-
fected with the miR-8881 mimic or negative control (mimic NC).

Both miR-8881 and ELAVL4 are expressed at low
levels in CMT and are positively regulated

To investigate the functions of miR-8881 and ELAVL4 in
CMT, their expression in CMT tissues was detected by RT-
gqPCR. The results revealed distinct downregulation of the
miR-8881 and ELAVLV4 levels in CMT tissues compared
to adjacent normal tissues (Fig. 3A, B, C). To verify the
RT-qPCR results regarding miR-8881 with ELAVL4, we
transfected the miR-8881 mimic or mimic NC and the miR-
8881 inhibitor or inhibitor NC, and total RNA was extracted
after 48 h and subjected to RT-qPCR. The results showed
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E Expression levels of miR-8881 in CHMp cells transfected with
the siRNA or siRNA NC. F Expression levels of IncRNA34977 in
CHMp cells transfected with the p3FLAG-N-CMV-10-IncRNA34977
or p3FLAG-N-CMV-10 NC (¥*P<0.05, **P<0.01, ***P<0.001,
kP <0.0001)

that ELAVL4 expression was upregulated in cells transfected
with the miR-8881 mimic compared with those transfected
with the miR-8881 mimic NC (Fig. 3D, E, F); ELAVL4
expression was downregulated in the cells transfected with
the miR-8881 inhibitor compared with those transfected
with the miR-8881 inhibitor NC (Fig. 3G). The Western
blot results showed that ELAVL4 expression was upregu-
lated in the cells transfected with the miR-8881 mimic
and downregulated in those transfected with the miR-8881
inhibitor (Fig. 3H). In summary, miR-8881 and ELAVL4 are
expressed at low levels in CMT and are positively regulated
by each other.



Functional & Integrative Genomics (2023) 23:31

Page70f12 31

10 *x 10 *xx 15
8 T @8 normal 8 @8 normal @B normal
. x c c "
s 6 3 tumor 2 s O tumor 2 10 O3 tumor
g 4 g 4 g
2 5 s
g 2 £ 2 3
o 1.0 g g oG [
2 08 » > 2
® 06 2 k] s
E 0.4 [3 [
0.2
0.0
NIRRT RN I R Q@\'ﬁw’”w"’w"'ﬁ"&fi‘q‘?"ﬁ@
& & S
& miR-8881 M miR-8881 © miR-8881
D, E , F »
. @ control - . Em control  _ @8 control
§ 151 o o tumor  § |l| O tumor .2 03 tumor
2 ? 10 2
o 10 b4 xx wxn 2
* o =
= |_| Ill i § s M M h s
3 o
3 o 1.0 ©
k) 8 o5 >
e E b
0.0
T I RN (\\@\"0("\"‘«"&(\»&0'»“
N J
& ELAVL4 < ELAVL4
G - 2.0
25 H

miR-8881  miR-8881  miR-8881
s imicsNC

relative expression

36kD

AN
(\x@
& & ¢

Fig.3 miR-8881 and ELAVL4 are expressed at low levels in CMT
cells and positively regulated. A—C The expression levels of miR-
8881 in CMT and adjacent normal tissues as determined measured
by RT-qPCR. Samples 1-30 (*P<0.05, **P<0.01, ***P <0.001,
##%% P <(0.0001). D-F The expression levels of ELAVL4 in CMT and
adjacent normal tissues as measured by qRT-PCR. Samples 1-30. G

Effect of miR-8881 on the proliferation, migration,
invasion, and apoptosis of CMT cells

We transfected CHMp cells with the miR-8881 mimic or
mimic NC and the miR-8881 inhibitor or inhibitor NC. To
investigate the effect of miR-8881 on the proliferation of
CHMp cells, we performed Cell Counting Kit-8 and colony
formation assays, and the results showed that the miR-8881
mimic inhibited the proliferation of CHMp cells (Fig. 4A,
C). In contrast, the miR-8881 inhibitor promoted the pro-
liferation of CHMp cells (Fig. 4A, B). To assess the effect
of miR-8881 on CHMp cell migration and invasion, we
performed wound healing and cell invasion assays, which
showed that the miR-8881 mimic inhibited CHMp cell
migration (Fig. 4E) and invasion (Fig. 4G) and that the miR-
8881 inhibitor promoted CHMp cell migration (Fig. 4D) and
invasion (Fig. 4F). To verify the effect of miR-8881 on the
apoptosis of CHMp cells, we performed RT-qPCR, in situ
fluorescence and flow cytometry analyses, and the RT-qPCR
results showed that Bax was highly expressed in cells trans-
fected with the miR-8881 mimic (Fig. 4N) and expressed at

miR-8881
inhibitor  inhibitorNC
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Relative Protein Expression
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control

o
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o

0.0

After transfection of the miR-8881 mimic or mimic NC and the miR-
8881 inhibitor or inhibitor NC, the expression levels of ELAVL4 in
CMT and adjacent normal tissues were measured by RT-qPCR. H
Expression of ELAVL4 in CHMp cells transfected with the miR-8881
mimic or mimics NC and the miR-8881 inhibitor or miR-8881 inhibi-
tor NC (*P<0.05, **P<0.01, ***P <0.001, ****P <0.0001)

a low level in cells transfected with the miR-8881inhibitor
(Fig. 4N); Bcl-2 was highly expressed in cells transfected
with the miR-8881 inhibitor (Fig. 40) and expressed at
low levels in cells transfected with the miR-8881 mimics
(Fig. 40). The results together with those of flow cytometry
analysis (Fig. 4M) demonstrate that the miR-8881 mimic
promoted the apoptosis of CHMp cells (Fig. 4K, L), while
the miR-8881 inhibitor inhibited apoptosis (Fig. 41, J). The
results of the in situ fluorescence assay were consistent with
those of flowcytometry (Fig. 4P).

LncRNA34977 regulated the expression of miR-8881

To investigate the potential regulatory mechanism of
IncRNA34977 in CHMp cells, we investigated its poten-
tial ability to regulate miR-8881 expression. We cotrans-
fected IncRNA34977 siRNA with the miR-8881 inhibitor
or inhibitor NC into CHMp cells and then performed the
Cell Counting Kit-8 (Fig. 5A), colony formation (Fig. 5B),
wound healing (Fig. 5D), cell invasion (Fig. 5C), and in situ
fluorescence (Fig. SE) assays to investigate the effects of

@ Springer



31 Page8of12

Functional & Integrative Genomics (2023) 23:31

miR-8881
mimics NC

miR-8881
mimics

control A

miR-8881 miR-8881
inhibitor NC inhibitor

B s
=~ miR-8881inhibitor
4 ~=- miR-8881inhibitor NC 4
-+ control -
g3 control 23 control
g g
o2 0 2
1 1
0
° 1 2 3 4 ao 1 2 3 4
Time ( days) Time ( days)
H control

I‘ inhibitor inhibitorNC

i 2] B 2| |

mimics

control

mimicsNC

Fig.4 Effect of miR-8881 on the proliferation, migration, invasion
and apoptosis of CMT cells. A The miR-8881 mimic and inhibitor
the colony formation assay (*P<0.05, **P<0.01, ***P<0.001,
*##%%P <(0.0001). (B) Cell Counting Kit-8 cell growth curve of
CHMp cells transfected with the miR-8881 inhibitor or inhibitor NC.
C Cell Counting Kit-8 cell growth curve of CHMp cells transfected
with the miR-8881 mimic—or mimic NC. D Effects of the miR-
8881 inhibitor and inhibitor NC on the migration of CHMp cells. E
Effects of the miR-8881 mimic and mimic NC on the migration of
CHMp cells. F Effects of the miR-8881 inhibitor and inhibitor NC on
the invasion of CHMp cells. G Effects of the miR-8881 mimic (mi)
and mimic NC on the invasion of CHMp cells (¥*P <0.05, **P <0.01,
*#%P <0.001, **¥**P <0.0001). H-J Effects of the miR-8881 inhibi-

knocking down IncRNA34977 and miR-8881 on the prolif-
eration, migration, invasion, and apoptosis of CHMp cells.
We also detected the expression levels of Bax and Bcl-2 in
the different transfection groups by RT-qPCR (Fig. 5F, G).
Cotransfection of the IncRNA34977 siRNA and miR-8881
inhibitor promoted the proliferation, migration, and inva-
sion of CHMp cells and tended to inhibit apoptosis, and the
miR-8881 inhibitor reversed the inhibitory effect of silencing
IncRNA34977 on the proliferation, migration, and invasion
of CHMp cells and promoted apoptosis.

MiR-8881 regulates the expression of ELAVL4
To verify the regulatory effect of ELAVL4 on miR-8881,

ELAVLA4 siRNA was first transfected into CHMp cells, and
ELAVL4 expression was then detected by RT-qPCR and
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tor and inhibitor NC on the apoptosis of CHMp cells as detected by
flow cytometry. (M) Flow cytometry analysis of the effect of miR-
8881 on the apoptosis of CHMp cells. H, K, L Effect of the miR-
8881 mimic or mimic NC on the apoptosis of CHMp cells as detected
by flow cytometry. N, O After transfection of the miR-8881 mimic or
mimic NC and the miR-8881 inhibitor or inhibitor NC, the expression
levels of Bax and Bcl-2 were determined by RT-qPCR (*P <0.05,
*#P<0.01, ***P<0.001, ****P<0.0001). P Effect of miR-8881
on the apoptosis of CMT cells. The green fluorescence indicates
Annexin V-FITC-positive cells, and the red fluorescence indicates
propidium iodide-positive cells. Apoptotic cells are stained by green
fluorescence only, necrotic cells are stained by both green and red
fluorescence, and normal cells are not fluorescent

Western blotting. The results showed that ELAVL4 expres-
sion was downregulated in both ELAVL4 siRNA groups
(Fig. 6B, E). Then, we cotransfected ELAVL4 siRNA or the
ELAVLA siRNA NC with the miR-8881 mimic into CHMp
cells and then performed the cell counting kit-8, colony for-
mation, wound healing, cell invasion, and in situ fluorescence
assays to investigate the effects of cotransfecting the ELAVL4
siRNA with the miR-8881 mimic on the proliferation, migra-
tion, invasion and apoptosis of CHMp cells. We also detected
the expression levels of Bax and Bcl-2 in the different trans-
fection groups by RT-qPCR (Fig. 6C, D). The cotransfection
of ELAVLA4 siRNA and the miR-8881 mimic promoted the
proliferation (Fig. 6F, G), migration (Fig. 6H), and inva-
sion (Fig. 6I) of CHMp cells and tended to reduce apoptosis
(Fig. 6A), and silencing ELAVLA4 reversed the inhibitory effect
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Fig.5 LncRNA34977 regulated the expressions of miR-8881. A
Experimental growth curve of CHMp cells contransfected with
the IncRNA34977 siRNA and miR-8881 inhibitor or inhibitor NC
as determined by the CCK-8 assay. B Colony formation assay of
CHMp cells contransfected with the IncRNA34977 siRNA and
miR-8881 inhibitor or inhibitor NC. C Effect of contransfecting
the IncRNA34977 siRNA and miR-8881 inhibitor or inhibitor NC
on CHMp cell invasion. D Wound healing assay of CHMp cells
contransfected with the IncRNA34977 siRNA and the miR-8881
inhibitor or inhibitor NC (*P<0.05, **P<0.01, ***P<0.001,

of the miR-8881 mimic on the proliferation, migration and
invasion of CHMp cells and promoted apoptosis.

LncRNA34977 regulated the expression
of miR-8881/ELAVL4

We also cotransfected IncRNA34977siRNA IncRNA34977
siRNA with the miR-8881 inhibitor or inhibitor NC, extracted
total protein after 48 h and performed a Western blot assay.
The downregulation of miR-8881 reduced the increase in
the ELAVL4 expression caused by the downregulation of
IncRNA34977 (Fig. 7).

Relative Expression

*###%P <0.0001). E Effect of contransfecting the IncRNA34977
siRNA and the miR-8881 inhibitor or inhibitor NC on the apoptosis
of CMT cells. The green fluorescence indicates Annexin V-FITC-
positive cells, and the red fluorescence indicates propidium iodide-
positive cells. Apoptotic cells are stained by green fluorescence only,
necrotic cells are stained by both green and red fluorescence, and
normal cells are not fluorescent. F, G After cotransfection of the
IncRNA34977 siRNA with the miR-8881 inhibitor or inhibitor NC,
the expression levels of Bax and Bcl-2 were detected by RT-qPCR
(*P<0.05, ##P <0.01, ¥***P <0.001, ****P <0.0001)

Discussion

Studies have shown that many IncRNAs are aberrantly
expressed in human tumors and affect tumor development
(Lu et al. 2022; Zhang et al. 2022; Zhu et al. 2022; Li
et al. 2022). LncRNA34977 has been shown to be highly
expressed in canine mammary tumors and to promote
their development. However, how IncRNA34977 regu-
lates the development of CMT is still unknown. In this
study, we demonstrated the targeting relationship between
IncRNA34977 and miR-8881, and IncRNA34977 acted
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as a promoter in CMT cells by inversely regulating miR-
8881. In addition, we also validated the role of miR-8881
in CMT cells and confirmed that miR-8881 positively reg-
ulates ELAVL4 expression and that ELAVLA4 is a target
of miR-8881.

LncRNAs are found in a variety of biological functions
and in many diseases, such as cancer, cardiovascular dis-
eases, and inflammatory responses. LncRNA LIFR-AS1
regulates the development of gastric cancer cells by spong-
ing miR-4698 (Zhao et al. 2021); Yang et al. found that the
IncRNA BRCAT54 can suppress tumorigenesis in non-small
cell lung cancer by binding to related factors or genes (Yang
et al. 2021), and some researchers found that IncRNA H19
suppresses the inflammatory response of human retinal epi-
thelial cells by regulating related factors (Luo et al. 2021).
Similarly, miRNAs, as members of the noncoding RNA
family, are also involved in the regulation of many diseases
(Ferragut et al. 2020; Kim and Pak 2020; Schell and Rahman
2021). miRNA-489 potentially functions as a tumor suppres-
sor in various cancers. miRNA-489 can sensitize cancer cells
to chemotherapy by disrupting molecular pathways involved
in cancer growth (e.g., PI3K/Akt) and inducing apoptosis
(Ferragut et al. 2020; Kim and Pak 2020; Schell and Rah-
man 2021; Paskeh et al. 2021). The effect of miR-8881 on
canine mammary tumors was previously unknown but veri-
fied herein. We found that the miR-8881 mimic inhibited
the proliferation, migration and invasion of CMT cells while
promoting their apoptosis, and the miR-8881 inhibitor pro-
moted the proliferation, migration, and invasion of CMT
cells while inhibiting their apoptosis.

LncRNAs and miRNAs have relative targeting relation-
ships in cancer, and the two influence tumor development
through their interactions. Like IncRNA-RMRP, which
promotes bladder cancer proliferation, migration, and inva-
sion through miR-206(Cao et al. 2019), Peng et al. found
that IncRNA PSMA3-AS1 promotes colorectal cancer cell
migration and invasion by regulating miR-4429(Peng et al.
2020), and Luo et al. found that IncRNA DANCR promotes
pancreatic cancer proliferation and metastasis by regulat-
ing miRNA-33b (Luo et al. 2020). In this study, we deter-
mined the targeting relationship between IncRNA34977
and miR-8881 by performing a dual luciferase assay, and
the results identified miR-8881 as a downstream target of
IncRNA34977. To verify its relative regulatory role, we per-
formed CCK-8, colony counting, wound healing, Transwell,
and apoptosis assays, revealing that IncRNA34977 affects
canine mammary tumorigenesis by regulating miR-8881.
To verify the targeting relationship between miR-8881 and
ELAVLA4, we performed a dual luciferase assay, identify-
ing ELAVLA4 as a downstream target gene of miR-8881. To
verify its relative regulatory role, we performed CCK-8,
colony counting, wound healing, Transwell, and apoptosis
assays, and the results showed that miR-8881 affects canine

mammary tumorigenesis by regulating ELAVL4. We also
examined the expression of ELAVL4 in miR-8881-treated
cells by performing the WB assay. Finally, we examined
the expression of ELAVL4 in CMT cells under the action
of IncRNA34977 and miR-8881 by WB, elucidating the
relationship between IncRNA34977 and ELAVLA4. In this
study, we found that IncRNA34977 promoted the prolif-
eration, migration and invasion of canine mammary tumors
and inhibited their apoptosis by regulating the expression of
miR-8881/ELAVLA.
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