
Received: 30 August 2022 | Revised: 22 September 2022 | Accepted: 29 September 2022

DOI: 10.1002/iid3.724

OR IG INAL ART I C L E

SPTBN1 attenuates rheumatoid arthritis synovial cell
proliferation, invasion, migration and inflammatory
response by binding to PIK3R2

Li‐ping Dai | Xiao‐dong Xu | Ting‐ting Yang | Zhi‐hua Yin | Zhi‐zhong Ye |

Ya‐zhi Wei

Department of Rheumatology, Futian
District Rheumatology Hospital,
Shenzhen, Guangdong, China

Correspondence
Ya‐zhi Wei, Department of
Rheumatology, Futian District
Rheumatology Hospital, 22 Nonglin Rd,
Shennan Dadao, Futian District,
Shenzhen 518040, Guangdong, China.
Email: weiyazhi0225@163.com

Funding information

Basic Research Project of Shenzhen
Science and Technology Innovation
Committee, Grant/Award Number:
JCYJ20210324120800001

Abstract

Background: As an autoimmune systemic disorder, rheumatoid arthritis

(RA) features chronic inflammation as well as synovial infiltration of

immune cells. This study was designed with the purpose of discussing the

hidden mechanism of SPTBN1 and exploring favorable molecular‐targeted
therapies.

Methods: With the application of RT‐qPCR and western blot, the

expressions of SPTBN1 and PIK3R2 before or after transfection were

estimated. Besides, Cell Counting Kit‐8, Edu, wound healing, transwell,

enzyme‐linked immunosorbent assay, and TUNEL were adopted for the

evaluation of the viability, proliferation, migration, invasion, inflamma-

tory response, and apoptosis of fibroblast‐like synoviocyte (FLS). In

addition, the interaction of SPTBN1 and PIK3R2 was testified by applying

immunoprecipitation (IP) and western blot was utilized for the assess-

ment of migration‐, apoptosis‐, and PI3K/AKT signal‐related proteins.

Results: It was discovered that SPTBN1 declined in RA synovial cells and

its overexpression repressed the proliferation, migration, invasion, and

inflammation of RA‐FLSs but promoted apoptosis. IP confirmed that

SPTBN1 could bind to PIK3R2 in FLSs. To further figure out the hidden

mechanism of SPTBN1 in RA, a series of functional experiments were

carried out and the results demonstrated that the reduced expressions of

MMP2, MMP9, IL‐8, IL‐1β, IL‐6, and Bcl2 as well as increased levels of

Bax and cleaved caspase3 in SPTBN1‐overexpressed RA‐FLSs were

reversed by PIK3R2 depletion, revealing that SPTBN1 repressed the

migration and inflammation and promoted the apoptosis of RA‐FLSs via

binding to PIK3R2. Results obtained from western blot also revealed that

PIK3R2 interference ascended the contents of p‐PI3K and p‐AKT in
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SPTBN1‐overexpressed RA‐FLSs, implying that SPTBN1 repressed PI3K/

AKT signal in RA via PIK3R2.

Discussion: SPTBN1 alleviated the proliferation, migration, invasion, and

inflammation in RA via interacting with PIK3R2.
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1 | INTRODUCTION

Being a prevalent inflammatory disease, rheumatoid
arthritis (RA) features progressive inflammatory
injury of affected joints, thus contributing to cartilage
destruction, bone erosion as well as disability.1 It was
reported that 1.0% of the population suffers from RA
in every corner of the world.2 The major clinical
manifestations of RA include symmetrical polyarthri-
tis with redness, swelling as well as pain in distal
joints, particularly in the small joints of hands and
feet.3 Previous studies have demonstrated that the
risk factors contributing to RA include smoking,
obesity, exposure to UV‐light, drugs, infection as well
as sex hormones.4–6 Nevertheless, the specific cause of
RA still remains obscure, which presents great
challenges to the finding of favorable therapies for
RA.7 In this way, the investigation of molecular‐
targeted therapy for the improvement of RA is of great
necessity.

SPTBN1, which is also named β2‐spectrin, belongs
to the spectrin family and acts as an actin cross‐linked
molecular skeleton protein, thus exserting its pivotal
influence in arranging transmembrane proteins as
well as organelle tissues.8 Accumulating studies have
evidenced that SPTBN1 has involvement with the
prognosis or advancement of human diseases. Take
epithelial ovarian cancer (ECO) as an example, it was
discovered that SPTBN1 was highly expressed in
ECO cells and its upregulation repressed the migra-
tion as well as the growth of ECO cells.9 Additionally,
SPTBN1 could promote the proliferation, differentia-
tion and repress the apoptosis of osteoblasts, thus
protecting against primary osteoporosis.10 Despite the
fact that SPTBN1 has been widely discussed in many
diseases, its role in RA still remains blank.

PIK3R2 protein acts as a member of the regulatory
subunits of the class IA PI3K enzyme which can be
triggered by tyrosine kinase receptors.11 A case of
previous study held the opinion that the activity of
PI3K could be inhibited when PIK3R2 bound to
the catalytic subunit.12 More importantly, PIK3R2

expression was verified to be declined in RA.13

Besides, according to Biogrid database (https://
thebiogrid.org/), SPTBN1 could interact with PIK3R2.

To sum up, the model of RA was established in vitro
to study the role of SPTBN1 in RA as well as to discuss its
hidden reaction mechanism, intending to find possible
molecular‐targeted therapies for RA.

2 | MATERIALS AND METHODS

2.1 | Cell culture

NC‐fibroblast‐like synoviocytes (FLSs) and RA‐FLSs
provided by Shanghai Yanyu Biotechnology Co., Ltd.
were cultivated into DMEM (Guangdong Huan Kai
Biotechnology Co., Ltd.) which was exposed to 10% fetal
bovine serum (FBS; Guangzhou Perseco Biotechnology
Co., Ltd.) as well as 1% antibiotics and was maintained at
37°C with 5% CO2.

2.2 | Cell transfection

Plasmids carrying SPTBN1 (Ov‐SPTBN1), small inter-
fering RNA (si‐RNA) targeting PIK3R2 (siRNA‐PIK3R2‐1
and siRNA‐PIK3R2‐2) as well as their corresponding
negative control (Ov‐NC and siRNA‐NC) were supplied
by GeneChem. The transfection of above plasmids into
RA‐FLSs was implemented with the help of Lipofecta-
mine 3000 (Wuhan Kehaojia Biotechnology Co., Ltd.).
Subsequently, RT‐qPCR as well as western blot was
adopted for the test of transfection efficacy.

2.3 | Reverse transcription‐
quantitative PCR

The RNA that was isolated from RA‐FLSs with TRIzol®
reagent (Guangzhou Saiyan Biotechnology Co., Ltd.) was
reversely transcribed into cDNA utilizing a commercial
RevertAid™ cDNA Synthesis kit (Beijing Zhijie Fangyuan
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Technology Co., Ltd.). With the application of SYBR
Green Master Mix (Applied Biosystems), quantitative
real‐time PCR was implemented on the ABI PRISM 7900
Sequence Detection System (Applied Biosystems). Finally,
the comparative Ct method was adopted for the estimation
of relative gene expressions.

2.4 | Western blot

Proteins that separated from RA‐FLSs with RIPA
lysis buffer (Shanghai Absin Biotechnology Co., Ltd.)
were quantified with the application of a bicinchoninic
acid (BCA) protein assay kit (Shanghai Yisheng
Biotechnology Co., Ltd.). Then, the proteins were
exposed to 8% SDS‐PAGE, after which were transferred
to PVDF membranes. The membranes that sealed by
5% nonfat milk or 5% bovine serum albumin (BSA)
were subjected to primary antibodies against SPTBN1
(ab124888; 1:1,000; Abcam), MMP2 (ab92536; 1:1,000;
Abcam), MMP9 (ab76003; 1:1,000; Abcam), Bcl2
(ab32124; 1:1,000; Abcam), Bax (ab32503; 1:1,000;
Abcam), cleaved caspase3 (ab32042; 1:500; Abcam),
PIK3R2 (ab180967; 1:2,000; Abcam), p‐PI3K
(ab278545; 1:1,000; Abcam), p‐AKT (ab38449; 1:1,000;
Abcam), PI3K (ab140307; 1:1,000; Abcam), AKT
(ab8805; 1:1,000; Abcam), or GAPDH (ab9485;
1:2500; Abcam) at 4°C overnight, after which was the
probe with HRP‐labeled goat anti‐rabbit secondary
antibody (ab6759; 1:5000; Abcam) at room temperature
for 2 h. At last, ECL (Yeasen Biotech) and ImageJ
(Version 146) were applied for the visualization and
analysis of protein blots.

2.5 | Cell Counting Kit‐8 assay

RA‐FLSs were inoculated into 96‐well plates, following
which was the cultivation for 24, 48, and 72 h.
Subsequently, each well was added with a 10 μl Cell
Counting Kit‐8 (CCK‐8) reagent (Beyotime) to further
cultivate the cells. Finally, the OD value at 450 nm was
decided with the aid of a microplate reader (Thermo
Fisher Scientific).

2.6 | 5‐ethynyl‐2′‐deoxyuridine staining

RA‐FLSs that injected into six‐well plates were incubated
overnight at room temperature. Afterward, 5‐ethynyl‐2′‐
deoxyuridine (Edu) solution was put into wells for the
further cultivation of RA‐FLSs. After the removal of
working fluid, the digestion and centrifugation of cells

were implemented. Then, the cells were subjected to 4%
paraformaldehyde fixation as well as 0.5% Trionx‐100
permeation. Subsequently, RA‐FLSs were exposed to
Click reaction solution for 30 min away from light.
Finally, a fluorescence microscope was adopted for the
capture of cell images.

2.7 | Wound healing

After the inoculation into six‐well plates, RA‐FLSs were
cultivated until cell fusion has achieved 90%–100%. With
the aid of a pipette tip, a wound in the cell monolayer
was created. Then, phosphate‐buffered saline (PBS)‐
rinsed cells were incubated in an incubator which was
placed at 37°C with 5% CO2. The record of cells was
conducted at 0 and 24 h. Finally, the areas occupied by
migrated cells were tracked employing ImageJ software.

2.8 | Transwell

The invasive ability of RA‐FLSs was assessed with
transwell invasion assay. Initially, RA‐FLSs were injected
onto the upper chamber of the transwell which was
decorated with Matrigel (BD Biosciences) while the
medium exposed to 10% FBS was put on the lower
chamber of the transwell. After 24 h, 4% para-
formaldehyde as well as 0.1% crystal violet was applied
for the fixation and staining of RA‐FLSs, respectively.
Finally, the photographs of cells passing through the
membranes were tracked utilizing a microscope.

2.9 | Enzyme‐linked immunosorbent
assay

With the aim of resolving the releases of inflammatory
factors, the levels of interleukin‐8 (IL‐8), interleukin‐1
beta (IL‐1β), and interleukin‐6 (IL‐6) in cell supernatants
were assessed. In the premise of λ= 450 nm, the OD
value was estimated by employing a microplate reader
(Bio‐Rad). The results were decided with the stan-
dard cure.

2.10 | Terminal‐deoxynucleotidyl
transferase‐mediated nick end labeling

The apoptosis of RA‐FLSs was evaluated by a terminal‐
deoxynucleotidyl transferase‐mediated nick end labeling
(TUNEL) assay kit (Invitrogen; Thermo Fisher Scientific)
strictly in light of standard specifications. In brief, RA‐FLSs
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were initially subjected to 4% paraformaldehyde embedment
and 0.25% Triton‐X 100 permeabilization. After the rinse
with PBS three times, RA‐FLSs were exposed to TUNEL
reaction solution for 1 h in line with the standard protocol.
Thereafter, DAPI was applied for the staining of cell nuclei.
At last, a florescent microscope was employed for the
estimation of apoptotic cells in five randomly selected fields.

2.11 | Immunoprecipitation

Proteins that separated with RIPA lysis buffer (Shanghai
Absin Biotechnology Co., Ltd.) were quantified utilizing
a BCA protein assay kit (Shanghai Yisheng Bio-
technology Co., Ltd.). For immunoprecipitation (IP),
proteins were exposed to specific antibodies against
SPTBN1 and PIK3R2 overnight at 4°C. After that, Protein
A/G PLUS‐Agarose beads (Invitrogen; Thermo Fisher
Scientific, Inc.) were added to further cultivate the cells.
Subsequently, the centrifugation of the collected beads
was implemented at 12,000g for 2 min at 4°C. After the
resuspension of precipitated proteins in 2× SDS‐PAGE
loading buffer, the supernatant was rinsed from the
beads. Finally, the IP of cells was visualized employing
western blot.

2.12 | Statistical analysis

All data displayed in the form of mean ± standard
deviation (SD) got analyzed with GraphPad Prism 8.0
software (GraphPad Software, Inc.). One‐way analysis of
variance followed by Tukey's post hoc test was utilized
for the demonstration of comparisons among multiple

groups while unpaired Student's t‐test was employed for
the exhibition of differences between two groups. p< .05
meant that all experimental figures demonstrated statis-
tically significant.

3 | RESULTS

3.1 | SPTBN1 was downregulated in
RA‐FLSs

According to GSE55457 database, SPTBN1 was reduced in
patients suffering from RA (Figure 1A). In this study, reverse
transcription‐quantitative PCR (RT‐qPCR) as well as western
blot was applied for the assessment of SPTBN1 in RA‐FLSs.
Results in Figure 1B,C demonstrated that the mRNA and
protein expressions of SPTBN1 greatly declined in compari-
son with that in the Normal‐FLSs group. Evidently, this
finding was consistent with the results in GSE55457
database.

3.2 | SPTBN1 overexpression alleviated
the proliferation, migration, and invasion
of RA‐FLSs

To upregulate SPTBN1 expression, plasmids carrying
SPTBN1 were transfected into RA‐FLSs and RT‐qPCR as
well as western blot was adopted for the test of
transfection efficacy. In contrast with the Ov‐NC group,
the expressions of SPTBN1 at both mRNA and protein
levels were markedly enhanced after overexpressing
SPTBN1 expression (Figure 2A,B). To explore the
impacts of SPTBN1 overexpression on cell viability and

FIGURE 1 SPTBN1 was downregulated in RA‐FLSs. (A) GSE55457 database revealed the expression of SPTBN1 in RA patients.
***p< .001 versus Normal group. Normal group (n= 9) and RA group (n= 13). (B) The mRNA expression of SPTBN1 in Normal‐FLSs and
RA‐FLSs was detected using RT‐qPCR. (C) The protein expression of SPTBN1 was detected in Normal‐FLSs and RA‐FLSs using western
blot. **p< .01 and ***p< .001 versus Normal‐FLSs group. n= 3. student's t‐test. FLS, fibroblast‐like synoviocyte; RA, rheumatoid arthritis;
RT‐qPCR, reverse transcription‐quantitative PCR.
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proliferation, CCK‐8 and Edu were employed. Results in
Figure 2C,D revealed that SPTBN1 overexpression
remarkably declined the cell viability and proliferation
of RA‐FLSs when compared to the Ov‐NC. Additionally,
the migration and invasion of SPTBN1‐overexpressed
RA‐FLSs were estimated utilizing wound healing and
transwell. As Figure 2E,F depicted, the migrative and
invasive abilities of RA‐FLSs were conspicuously dimin-
ished after the transfection of the cells with SPTBN1
overexpression plasmids in comparison with that in the
Ov‐NC group. Results obtained from western blot
exhibited that the contents of MMP2 and MMP9 were
dramatically cut down after overexpressing SPTBN1
when compared to the Ov‐NC group (Figure 2G). To
sum up, the above findings indicated that SPTBN1

overexpression alleviated the proliferation, migration,
and invasion of RA‐FLSs.

3.3 | SPTBN1 overexpression alleviated
the inflammation of RA‐FLSs but
promoted the apoptosis

With the aim of investigating the impacts of SPTBN1
overexpression on the inflammation of RA‐FLSs, the
levels of IL‐8, IL‐1β, and IL‐6 were resolved. In
comparison with the Ov‐NC group, SPTBN1 overexpres-
sion greatly descended the levels of IL‐8, IL‐1β, and IL‐6
(Figure 3A–C). Similarly, the mRNA levels of these
inflammatory cytokines were also diminished by

FIGURE 2 SPTBN1 overexpression alleviated the proliferation, migration, and invasion of RA‐FLSs. (A, B) The mRNA and protein
expressions of SPTBN1 in RA‐FLSs transfected with Ov‐SPTBN1 were detected using RT‐qPCR and western blot. (C) The viability of RA‐
FLSs transfected with Ov‐SPTBN1 was detected using CCK‐8. (D) The proliferation of RA‐FLSs transfected with Ov‐SPTBN1 was detected
using Edu (magnification, 200×). (E, F) The migration and invasion of RA‐FLSs transfected with Ov‐SPTBN1 were detected using wound
healing and transwell (magnification, 100×). (G) The expressions of MMP2 and MMP9 in RA‐FLSs transfected with Ov‐SPTBN1 were
detected using western blot. *p< .05, **p< .01 and ***p< .001 versus Control group. #p< .05, ##p< .01 and ###p< .001 versus Ov‐NC group.
n= 3. ANOVA followed by Tukey's test. ANOVA, analysis of variance; FLS, fibroblast‐like synoviocyte; RA, rheumatoid arthritis; RT‐qPCR,
reverse transcription‐quantitative PCR.
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SPTBN1 overexpression, indicating that SPTBN1 over-
expression exhibited suppressive impacts on the inflam-
mation of RA‐FLSs (Figure 3D–F). In addition, TUNEL
was employed to estimate the apoptosis of RA‐FLSs and

the results showed that SPTBN1 overexpression tremen-
dously ascended the apoptosis level of RA‐FLSs in
contrast with the Ov‐NC group (Figure 3G,H). Further-
more, the upregulation of SPTBN1 reduced Bcl2 content

FIGURE 3 SPTBN1 overexpression alleviated the inflammation of RA‐FLSs but promoted apoptosis. (A–C) The levels of IL‐8, IL‐1β, and IL‐6 in
RA‐FLSs transfected with Ov‐SPTBN1 were detected using ELISA. (D–F) The mRNA expressions of IL‐8, IL‐1β, and IL‐6 in RA‐FLSs transfected
with Ov‐SPTBN1 were detected using RT‐qPCR. (H, G) The apoptosis of RA‐FLSs transfected with Ov‐SPTBN1 was detected using
TUNEL (magnification, 200×). (I) The expressions of Bcl2, Bax, and cleaved caspase3 in RA‐FLSs transfected with Ov‐SPTBN1 were detected using
western blot. ***p< .001 versus Control group. ###p< .001 versus Ov‐NC group. n=3. ANOVA followed by Tukey's test. ANOVA, analysis of
variance; ELISA, enzyme‐linked immunosorbent assay; FLS, fibroblast‐like synoviocyte; RA, rheumatoid arthritis; RT‐qPCR, reverse transcription‐
quantitative PCR; TUNEL, terminal‐deoxynucleotidyl transferase‐mediated nick end labeling.
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but ascended the contents of Bax and cleaved caspase3
compared with the Ov‐NC group, suggesting the
promoting impacts of SPTBN1 overexpression on
RA‐FLSs apoptosis (Figure 3I).

3.4 | SPTBN1 could bind to PIK3R2
in RA‐FLSs

\In the beginning, RT‐qPCR as well as western blot was
adopted to evaluate the mRNA and protein expressions of
PIK3R2. Compared with the Normal‐FLSs group, PIK3R2
was significantly cut down in RA‐FLSs (Figure 4A,B). It was
also testified that SPTBN1 overexpression conspicuously
enhanced the content of PIK3R2 in comparison with
the Ov‐NC group (Figure 4C,D). In addition, results in
Figure 4E,F demonstrated that SPTBN1 had abundant
enrichment in anti‐PIK3R2, showing that SPTBN1 could
bind to PIK3R2 in RA‐FLSs.

3.5 | SPTBN1 attenuated the
proliferation, invasion, and migration
of RA‐FLSs via PIK3R2

To decline PIK3R2 expression, si‐RNA targeting PIK3R2
was adopted for the transfection of RA‐FLSs. In
comparison with the siRNA‐NC group, the level of
PIK3R2 was hugely diminished after the cell transfection
with siRNA‐PIK3R2 (Figure 5A‐C). Notably, PIK3R2 had
lower expression in RA‐FLSs transfected with siRNA‐
PIK3R2‐1 than that in PIK3R2‐2‐silenced RA‐FLSs, in
view of this, siRNA‐PIK3R2‐1 was adopted for ensuing
studies. Compared with Ov‐SPTBN1 + siRNA‐NC, the
declined cell viability and proliferation in RA‐FLSs
caused by SPTBN1 overexpression were elevated by
PIK3R2 interference (Figure 5D,E). Likewise, the
reduced migrative and invasive capabilities of SPTBN1‐
overexpressed RA‐FLSs were enhanced after silencing
PIK3R2 expression (Figure 5F,G). Elsewhere, SPTBN1

FIGURE 4 SPTBN1 could bind to PIK3R2 in RA‐FLSs. (A, B) The mRNA and protein expressions of PIK3R2 in Normal‐FLSs and RA‐FLSs
were detected using RT‐qPCR and western blot. **p< .01 versus Normal‐FLSs group. n=3. Student's t‐test. (C, D) The protein expression of PIK3R2
in RA‐FLSs transfected with Ov‐SPTBN1 was detected using RT‐qPCR and western blot. ***p< .001 versus Control group. ###p< .001 versus Ov‐NC
group. n=3. ANOVA followed by Tukey's test. (E, F) The binding of SPTBN1 and PIK3R2 in RA‐FLSs was detected using IP. ANOVA, analysis of
variance; FLS, fibroblast‐like synoviocyte; RA, rheumatoid arthritis; RT‐qPCR, reverse transcription‐quantitative PCR.
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FIGURE 5 SPTBN1 attenuated the proliferation, invasion, and migration of RA‐FLSs via PIK3R2. (A–C) The expression of
SPTBN1 in RA‐FLSs transfected with siRNA‐PIK3R2‐1 or 2 was detected using RT‐qPCR and western blot. ***p < .001 versus
Control group. ###p < .001 versus siRNA‐NC group. (D) The viability of RA‐FLSs transfected with Ov‐SPTBN1 and siRNA‐PIK3R2
was detected using CCK‐8. (E) The proliferation of RA‐FLSs transfected with Ov‐SPTBN1 and siRNA‐PIK3R2 was detected using
Edu (magnification, 200×). (F, G) The migration and invasion of RA‐FLSs transfected with Ov‐SPTBN1 and siRNA‐PIK3R2 were
detected using wound healing and transwell (magnification, 100×). (H) The expressions of MMP2 and MMP9 in RA‐FLSs transfected
with Ov‐SPTBN1 and siRNA‐PIK3R2 were detected using western blot. ***p < .001 versus Control group. ##p < .01 and ###p < .001
versus Ov‐SPTBN1 group. ΔΔp < .01 and ΔΔΔp < .001 versus Ov‐SPTBN1 + siRNA‐NC group. n = 3. ANOVA followed by Tukey's test.
ANOVA, analysis of variance; CCK‐8, Cell Counting Kit‐8; FLS, fibroblast‐like synoviocyte; RA, rheumatoid arthritis; RT‐qPCR,
reverse transcription‐quantitative PCR.
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FIGURE 6 (See caption on next page)
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overexpression greatly descended the contents of MMP2
and MMP9 when compared to the Control group, which
were then ascended by PIK3R2 deficiency (Figure 5H).
To conclude, the above results implied that SPTBN1
attenuated the proliferation, invasion, and migration of
RA‐FLSs via PIK3R2.

3.6 | SPTBN1 attenuated the
inflammation and promoted the apoptosis
of RA‐FLSs via PIK3R2

Results in Figure 6A–F exhibited that the levels of IL‐8,
IL‐1β, and IL‐6 were greatly descended by SPTBN1
overexpression in contrast with that in the Control
group, while PIK3R2 silenced imparted opposite impacts
on these inflammatory cytokines, evidenced by the
ascended levels of IL‐8, IL‐1β and IL‐6 in Ov‐
SPTBN1 + siRNA‐PIK3R2 when compared to the Ov‐
SPTBN1 + siRNA‐NC. Besides, the enhanced apoptosis
level in SPTBN1‐overexpressed RA‐FLSs was reduced

after the transfection of the cells with si‐RNA specific to
PIK3R2 (Figure 6G). What is more, SPTBN1 overexpres-
sion cut down Bcl2 level but ascended the levels of Bax
and cleaved caspase3, which were subsequently reversed
by PIK3R2 interference (Figure 6H). In conclusion,
SPTBN1 attenuated the inflammation and promoted the
apoptosis of RA‐FLSs via PIK3R2.

3.7 | SPTBN1 inhibited PI3K/AKT
signaling expression in RA‐FLSs via
PIK3R2

In comparison with Control group, SPTBN1 overexpres-
sion greatly cut down the contents of p‐PI3K and p‐AKT,
which were subsequently enhanced by PIK3R2 depletion
(Figure 7). Notably, SPTBN1 overexpression or PIK3R2
silence had no obvious impact on the expressions of PI3K
and AKT. Collectively, the abovementioned results
revealed that SPTBN1 inhibited PI3K/AKT signaling
expression in RA‐FLSs via PIK3R2.

FIGURE 6 SPTBN1 attenuated the inflammation and promoted the apoptosis of RA‐FLSs via PIK3R2. (A–C) The levels of IL‐8, IL‐1β,
and IL‐6 in RA‐FLSs transfected with Ov‐SPTBN1 and siRNA‐PIK3R2 were detected using ELISA. (D–F) The mRNA expressions of IL‐8,
IL‐1β, and IL‐6 in RA‐FLSs transfected with Ov‐SPTBN1 and siRNA‐PIK3R2 were detected using RT‐qPCR. (G) The apoptosis of RA‐FLSs
transfected with Ov‐SPTBN1 and siRNA‐PIK3R2 was detected using TUNEL (magnification, 200×). (H) The expressions of Bcl2, Bax, and
cleaved caspase3 in RA‐FLSs transfected with Ov‐SPTBN1 and siRNA‐PIK3R2 were detected using western blot. ***p< .001 versus Control
group. #p< .05, ##p< .01 and ###p< .001 versus Ov‐SPTBN1 group. Δp< .05, ΔΔp< .01 and ΔΔΔp< .001 versus Ov‐SPTBN1 + siRNA‐NC
group. n= 3. ANOVA followed by Tukey's test. ANOVA, analysis of variance; ELISA, enzyme‐linked immunosorbent assay; FLS, fibroblast‐
like synoviocyte; RA, rheumatoid arthritis; RT‐qPCR, reverse transcription‐quantitative PCR; TUNEL, terminal‐deoxynucleotidyl
transferase‐mediated nick end labeling.

FIGURE 7 SPTBN1 inhibited PI3K/AKT signaling expression in RA‐FLSs via PIK3R2. The expressions of p‐PI3K, p‐AKT, PI3K, and
AKT in RA‐FLSs transfected with Ov‐SPTBN1 and siRNA‐PIK3R2 were detected using western blot. ***p< .001 versus Control group.
#p< .05 and ###p< .001 versus Ov‐SPTBN1 group. Δp< .05 and ΔΔΔp< .001 versus Ov‐SPTBN1 + siRNA‐NC group. n= 3. ANOVA followed
by Tukey's test. ANOVA, analysis of variance; FLS, fibroblast‐like synoviocyte; RA, rheumatoid arthritis.
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4 | DISCUSSION

To the best of our knowledge, this study was the first to
address the role of SPTBN1 in RA as well as its
relationship with PIK3R2. In this paper, it was uncovered
that SPTBN1 was reduced in RA‐FLSs, which was then
elevated after the transfection of the cells with plasmids
carrying SPTBN1. After overexpressing SPTBN1 expres-
sion, a series of cellular functional experiments were
implemented and the results demonstrated that SPTBN1
overexpression repressed the proliferation, invasion,
migration, and inflammation of RA‐FLSs but promoted
apoptosis. Additionally, PIK3R2 was testified to be
declined in RA‐FLSs and could interact with SPTBN1.
After that, further experiments were carried out and the
results revealed that SPTBN1 alleviated the proliferation,
invasion, migration, inflammation and promoted the
apoptosis of RA‐FLSs by binding to PIK3R2.

Apart from systems and organs, RA, which is a
chronic inflammatory autoimmune disease and has
varying severity among patients, is also involved in
bones and joints.14 Being two fundamental properties
of RA‐FLSs, proliferation as well as migration
resulted in the pathology of RA.15 Besides, the focus
on apoptosis of FLSs in RA was supposed to be an
effective way to relieve RA.16 What is more, accumu-
lating research have evidenced that inflammatory
factors acted as a regulatory player in the prolifera-
tion, migration as well as apoptosis of RA‐FLSs.17

Considering this, the inhibition of inflammation,
proliferation, and migration as well as the promotion
of apoptosis might be a possible method to improve
RA. As a critical cytoskeletal protein, SPTBN1 has
involvement with many cellular processes.18 It was
verified that SPTBN1 could be a novel therapeutic
target for osteoporosis because SPTBN1 could facili-
tate the proliferative and differentiative capabilities of
osteoblasts.10 Additionally, the depletion of SPTBN1
exhibited promotive effects on the migrative ability of
triple‐negative breast cancer (TNBC), implying that
SPTBN1 was a critical regulator in TNBC advance-
ment.19 Moreover, the loss of SPTBN1 could contrib-
ute to the changes in cell apoptosis.20 In this paper, it
was discovered that the mRNA and protein levels of
SPTBN1 were greatly descended in RA‐FLSs. After
overexpressing SPTBN1, the viability and proliferative
ability of RA‐FLSs were suppressed. Elsewhere,
SPTBN1 overexpression reduced the contents of
MMP2, MMP9, IL‐8, IL‐1β, IL‐6, and Bcl2 but
ascended the levels of Bax and cleaved caspase3 in
RA‐FLSs, implying that SPTBN1 upregulation helped
to repress the migration, inflammation and promoted
the apoptosis of RA.

PIK3R2 is a subunit that regulates PI3K and Class
I PI3K is composed of p110 catalytic subunit and
p85 regulatory subunit.21 An increasing number of
research have testified that PIK3R2 participates in
various developmental processes through gene regu-
lation. For instance, miR‐126 exhibited suppressive
impacts on the proliferative, migrative, and invasive
capabilities of non‐small‐cell lung cancer cells
through targeting PIK3R2. Besides, Chen et al held
the opinion that PTPN1suppressed the proliferation
as well as metastasis in lung adenocarcinoma via
mediating PIK3R2.22 Moreover, miR‐1226‐3p was
verified to exsert protective impacts on breast cancer
through targeting PIK3R2.23 Through our investiga-
tion, PIK3R2 was predicted to interact with SPTBN1
by Biogrid database. The strong affinity of SPTBN1
and PIK3R2 was testified by IP in this study and the
results showed that SPTBN1 was enriched in anti‐
PIK3R2, indicating that SPTBN1 could bind to
PIK3R2 in RA‐FLSs. Additionally, the mRNA and
protein levels of PIK3R2 were discovered to be
descended in RA‐FLSs. To further discuss the mecha-
nism of SPTBN1 in RA, functional experiments were
carried out and it was found that SPTBN1 alleviated
the proliferation, migration, invasion, inflammation
and promoted the apoptosis of RA‐FLSs via targeting
PIK3R2, thus protecting against RA. What is more,
SPTBN1 was also evidenced to suppress PI3K/AKT
signal in RA‐FLSs by binding PIK3R2.

However, this study also has limitations. Only cell
model was used in this experiment and animal model
would be conducted in future. Except for PI3K/AKT
signal, other signaling pathways could be explored
whether they were regulated by SPTBN1.

5 | CONCLUSION

To sum up, this paper uncovered the regulatory impacts
of SPTBN1 on the inflammation, proliferation, migration,
invasion, and apoptosis of RA and identified that
SPTBN1 could bind to PIK3R2, which for the first time
revealed the mechanism by which SPTBN1 alleviates the
advancement of RA.
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