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LncRNA H19 inhibitor represses synovial cell
proliferation and apoptosis in rats with
rheumatoid arthritis via Notch signaling pathw.
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Abstract. — OBJECTIVE: To study the roles
and underlying mechanisms of long non-cod-
ing ribonucleic acid (IncRNA) H19 in the synovial
cell proliferation and apoptosis in rats with rheu-
matoid arthritis (RA).

MATERIALS AND METHODS: A total of 30
Sprague-Dawley rats were randomly divided in-
to Control group and Model group. The rat mod-
el of RA was induced by using type Il collagen
in Model group. The primary synovial cells were
isolated from the synovial tissues of the rats
and were assigned into Control group,
el group, and IncRNA H19 inhibitor intervg
group. 5-Ethynyl-2’-deoxyuridine (EdU)

was adopted to measure
of Notch1 and hairy/enha

RESULTS: The R
pared to the C

of the syrovial cells
ificantly elevated.

h those in the Con-
in comparison with Model
ibitor intervention group
cRNA H19 level, remark-

promote the apoptosis of synovial cells
RA rats, which might be attributed to the inhi-
n of the Notch signaling pathway.
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ammation in sy-
as the major ological character-
ur at any age and is clinically
on-steroidal anti-inflamma-
ticoid, antirheumatic drugs,
these drugs can only relieve

The imbalance between proliferation and
apoptosis of synovial cells is one of the prin-
cipal precipitating factors for RA®. Therefore,
it is of great importance to effectively control
the local proliferation and apoptosis of syno-
vial cells for the treatment of RA. The Notch
signaling pathway was proved to widely exist
in vertebrates and invertebrates with high evo-
lutionary conservation. The Notch signaling
pathway is composed of Notch receptors and
Notch ligands’. The activated Notch receptor
will be cleaved and its intracellular domain will
then enter the nucleus and bind to the transcrip-
tion factor CSL, thereby activating downstream
target genes and fulfilling corresponding bio-
logical functions®’. Hence, regulation of the cell
proliferation and apoptosis via Notch signaling
pathway might have great potential in the treat-
ment of RA in the future.

Long non-coding ribonucleic acids (In-
cRNAs) are a category of ncRNA molecules
with a length of more than 200 nt and have
been reported to directly or indirectly influ-
ence the gene expression'’. LncRNA HI9 is
a type of ncRNA with a molecular weight of
2.3 kb, and its expression is up-regulated in
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multiple malignant tumors, including gastric
cancer, lung cancer, and breast cancer'"3. The
highly expressed IncRNA H19 could facilitate
the proliferation, invasion, and migration of
tumor cells, indicating that IncRNA H19 might
be a potential therapeutic target of malignant
tumors. However, the impacts of H19 on the
proliferation and apoptosis of synovial cells in
RA rats have not been clarified yet.

Therefore, the rat model of RA was induced
using type Il collagen was established in this
study. The primary synovial cells were extract-
ed from the rats and transfected with IncRNA
H19 inhibitor to investigate the influences and
underlying mechanisms of IncRNA HI19 on the
proliferation and apoptosis of synovial cells in
RA rats.

Materials and Methods

Reagents

Type II collagen (Sigma Aldrich, Louis, MO,
USA), Dulbecco’s Modified Eagle’s Medi
(DMEM; Hyclone, South Logan, UT, USA
fetal bovine serum (FBS; HyClone, Sout
gan, UT, USA), culture plate and culture
(Corning, Corning, NY, USA), IncRNA H19
hibitor (Shanghai GenePharma
hai, China), TRIzol solutio
Biotech Inc., Shanghai, Chi
oxyuridine (EdU) and t
dyl transferase-media

titative
(TaK
Uo6 -Notchl, anti-Hesl
de-3-phosphate dehydro-
it primary antibodies and

ed fluorescence microscope (Olympus,
yo, Japan), CO, incubator and cryogenic
rigerator (Thermo Forma, Waltham, MA,
SA), fluorescence qPCR instrument (Ther-
mo Fisher Scientific, Waltham, MA, USA),
thermostatic water bath (Gilson, Middleton,
WI, USA), high-speed low-temperature cen-

trifuge Eppendorf (EP; Hamburg, Germany),
and high-temperature sterilization pot (Beijing
Ruibang Xingye Science & Technology Co.,
Ltd., Beijing, China).

Rats
A total of 30 Sprague-Dawley rat
old, 180-200 g) were purchased fro
Institute for Food and Drug
number: SYXK (Shaanxi) 2
were housed in a clean enyg
temperature and humidi
standard feed and w

complete adjuvant
IT collagen emulsion (1 mg/
Ision was intracutaneously
injected into the footpad of
e rats. The second induction
d later. Subsequently, the RA
of each rat was recorded every 4 days
4" d until the 30" d after the first in-
. The rats without arthritis were scored
point, those with redness in 1-2 joints were
cored 1 point, those with redness in 3-4 joints
were scored 2 points, those with redness in 5
and more than 5 joints were scored 3 points, and
those with severe arthritis in the hind paw were
scored 4 points.

Culture and Transfection of Synovial
Cells in RA Rats

The rats were sacrificed 30 days after inflam-
mation induction. The synovial tissues were
taken under sterile conditions, cut into pieces
using surgical scissors, and cultured in complete
DMEM containing 1 mg/mL type II collagen for
2 h. The medium containing tissue fragments
was collected, centrifuged, and added new com-
plete medium. The synovial cells harvested from
Control group were cultured with complete me-
dium without 1 mg/mL type II collagen. Next,
IncRNA H19 inhibitor was transfected into the
synovial cells using Lipofectamine 2000. The
total RNA was extracted via TRIzol reagent.
Finally, the IncRNA H19 level in each group was
determined via quantitative reverse transcrip-
tion-PCR (qRT-PCR). The primers were shown
in Table I.
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Table I. Information of primer sequences of IncRNA H19
and Ue6.

Gene name Sequence

5-TACAACCACTGCACTACCTG-3
5-TGGAATGCTTGAAGGCTGCT-3
ue6 5-GCGCGTCGTGAAGCGTTC-3
5’-GTGCAGGGTCCGAGGT-3

LncRNA HI19

Detection of Influence of LncRNA H19
on Proliferation of Synovial Cells in RA
Rats Via EdU Staining

The synovial cells in each group were added with
50 uL of cytological fixing solution and incubated at
room temperature for 30 min. Each well was added
with 50 pL of glycine (2 mg/mL), incubated for
5 min, and then washed with phosphate-buffered
saline (PBS) for 5 min. Then, every well was add-
ed with 100 pL of penetrant and incubated for 10
min following by the incubation with EdU staining
solution in the dark for 30 min. After discarding the
staining solution and addition of anti-fluorescence
quencher, the fluorescence of each well was gb-
served under the fluorescence microscope.

Detection of Influence of LncRNA H
on Apoptosis of Synovial Cells in RA
Rats Via TUNEL Staining
After fixed in 4% paraforg
min, the cells in each group
with 0.3% Triton X-100
washed with phosphat,

- Polyarthritis index of rats (*p < 0.05).

(Beyotime, Shanghai, China). The protein con-
centration was measured after the protein curve
was plotted. Next, dodecyl sulfate sodium-poly-
acrylamide gel electrophoresis (SDS-PAGE) was
conducted. The proteins were run on a spacg
for 20 min and then on a separation gel a
After that, proteins were transferred opg
vinylidene difluoride (PVDF) memb

day, the membrane was
HRP-labeled seconda
optical density of t
miluminescence

Corp., Armonk, NY, USA)
ed for data management. All
ted as mean + standard de-
as adopted for comparison of
ctween the two samples. p<0.05
ested that the difference was statistically

Results

The Rat Model of RA Was Established
Successfully

The rats in Control group had normal hind paws.
In comparison with those in Control group, the RA
score was remarkably increased in Model group
at 14 d after inflammation induction (*p<0.05).
Besides, the inflammation score was also raised as
the induction days were increased (Table II).

LncRNA H19 Level in Synovial Cells

of RA Rats Declined Markedly After

Transfection with LncRNA H19 Inhibitor
According to the qRT-PCR results (Figure 1),

the level of IncRNA HI9 in the synovial cells

was notably elevated in Model group compared

Group 14 d 18d 22d 26d 30d
Control 0.056 £ 0.012 0.081 +0.022 0.103 £0.023 0.104 +0.034 0.112 +0.027
Model 0.154 + 0.024* 0.198 + 0.027* 0.231 + 0.029* 0.341 £ 0.031* 0.428 = 0.031*

Note: *p<0.05: Model group vs. Control group.
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group had a distinctly higher proliferation rate
than those of Control group (*p<0.05), while had
S * a lower proliferation rate than those of IncRNA
—|— H19 inhibitor group (*p<0.05; Figure 2B). Our

data suggested that IncRNA H19 inhibito
34 suppress the proliferation of synovial
RA rats.

—Q— LncRNA H19 Inhibitor Coul

IncRNA H19 expression of U6

T T The TUNEL stainin
™ J S Figure 3A. Comparedawi
¢ < \&‘\ synovial cells in
N markable decre
However, it

Figure 1. LncRNA HI9 level in synovial cells in each
group detected via qRT-PCR. (*p<0.05: Model group vs.
Control group, *p<0.05: IncRNA HI9 inhibitor group vs.
Model group).

with that in Control group (*p<0.05). Ho
H19 was remarkably reduced in IncRNA
inhibitor group in comparison with that in M
group (*p<0.05).

Cells of RA Rats
ding to the Western blotting bands (Fig-
re 4A), the protein levels of Notchl and Hesl
in synovial cells of Model group markedly en-
anced compared with those in Control group
(*p<0.05, *p<0.05), while they declined evi-
dently in IncRNA H19 inhibitor group compared
(Figure with those in Model group (Fp<0.05, #p<0.05;
Model Figure 4B).
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Figure 2. Cell proliferation rate in each group detected via Edu staining. A, Edu staining results (20%). B, Proliferation rate.
(*p<0.05: Model group vs. Control group, *p<0.05: IncRNA H19 inhibitor group vs. Model group).
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IncRNA H19 B
inhibitor 150+

A

Control Model

The apoptotic rate (%)

Figure 3. Cell apoptosis in each group detected via TUNEL staining. A, TUNEL stag
apoptosis rate. (¥p<0.05: Model group vs. Control group, “p<0.05: IncRNA H19 in,

Discussion i ion and apoptosis

Rheumatoid arthritis (RA) is an immune sys- lies that searching for the
tem disease characterized by chronic inflam- the proliferation and apop-
matory lesions in the synovium'. The lo ells will become a promising
inflammatory reaction will invade the reatment. With the development
and joints if RA is not controlled efficientl . polecular biology, researchers have discov-
IncRNAs are crucial players in tu-

of the joints. It is worth noting that the viscer§ urther investigations also demonstrated
the body will also be affected b at IncRNAs occupied an important position in
during the pathological chang heumatic diseases. Scientists have revealed that

about 90% of gene expressions are controlled by
IncRNAs, among which abnormally expressed
IncRNA H19, located in the telomeric region of
the human chromosome, can induce functional
changes in organisms'. Nevertheless, the func-
tion of IncRNA H19 in RA remains unknown,
so the rat model of RA was established first uti-
lizing type II collagen induction in this research.

ity and disability of peop
affecting the life qug
seeking for efficagg

2.0- * Il Control
[ Model

IncRNA H19

trol  Model inhibitor

1.54

=]
2
]
?5": # [E IncRNA H19
— S — 5@ inhibitor
K= 1.04
20
2%
=
0.0
 — — — J N
S o
s &

Figure 4. Protein expressions of Notchl and Hesl in each group of cells. A, Western blotting bands. B, Statistical charts of
bands. (*p<0.05: Model group vs. Control group, “»p<0.05: IncRNA H19 inhibitor group vs. Model group).
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The RA score was increased distinctly in Model
group compared with that in Control group, indi-
cating that the rat model of RA was established
successfully. The primary synovial cells were
extracted from the synovial tissues, and those
in Model group were stimulated by type II col-
lagen continuously to prepare the model of RA
synovial cells. Moreover, IncRNA H19 inhibitor
was transfected into the synovial cells via Lipo-
fectamine 2000 transfection technology, and its
impact on the proliferation of synovial cells was
determined through the Edu staining. According
to Figure 3, IncRNA H19 inhibitor could evident-
ly repress the proliferation of synovial cells in
RA rats in comparison with Model group. Later,
TUNEL staining was applied to examine the
influence of IncRNA H19 inhibitor on apoptosis
of synovial cells. The results manifested that the
apoptosis rate of synovial cells in IncRNA H19
inhibitor group was remarkably higher than that
in Model group. All those results indicated that
the IncRNA H19 inhibitor could notably inhibit
the proliferation and promote the apoptosis of
synovial cells in RA rats.

It has been revealed that various cytok
participate in some physiological and path!
cal processes of synovial cells, among whic

organisms is involved in the
genesis, development, and
processes, dominated by
entiation, and apoptos;

BMI1 is capable
liferation of lg
pathway. Matsuno
¢ Notch signaling

bly reduced the expression
compared with Model group

Conclusions

In summary, the correlations of IncRNAs to
the proliferation and apoptosis of synovial cells

in RA rats were explored in this research. That
is, H19 regulated the activation of synovial
cells via the inhibition on the Notch signaling
pathway. The results lay a solid foundation
for scientific research on the application
cRNAs to the prevention, diagnosis, a
ment of RA.
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