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LncRNA FAM83H-AS1 maintains intervertebral disc tissue
homeostasis and attenuates inflammation-related pain via
promoting nucleus pulposus cell growth through miR-22-3p
inhibition
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Background: Intervertebral disc degeneration (IVDD) is regarded as the leading cause of low back pain,
resulting in disability and a heavy burden on public health. Several studies have unveiled that long noncoding
RNAs (IncRINAs) play a key role in the pathogenesis and progression of IVDD. In this study, we aimed to
investigate the biological function and latent molecular mechanism of the IncRNA FAMS83H antisense RNA
1 (FAM83H-AS1) in IVDD development.

Methods: Firstly, we established an IVDD model in rats using advanced glycation end products (AGEs)
intradiscal injection. Subsequently, gain-of-function assays were conducted to investigate the role of
FAMS83H-AS1 in the progression of IVDD. Bioinformatics analysis, RNA pull down assay and rescue
experiments were employed to shed light on the molecular mechanism underlying FAM83H-AST1 involving
in IVDD.

Results: Our findings verified that AGEs treatment aggravated IVDD damage, and FAM83H-AS1 was
downregulated in the IVDD group. Additionally, overexpression of FAM83H-ASI contributed to the growth
of nucleus pulposus (NP) cells and ameliorated IVDD injury. It was revealed that FAM83H-AS1 possessed
the speculated binding sites of miR-22-3p. More importantly, we confirmed that FAM83H-AS1 functioned
as a sponge of miR-22-3p in IVDD. Lastly, we demonstrated that miR-22-3p mediated the impact of
FAMS83H-ASI on cell proliferation, ECM degradation, and inflammation.

Conclusions: Our study indicated that FAM83H-ASI relieved IVDD deterioration through sponging
miR-22-3p, and provides novel insights into the mechanisms underlying FAM83H-AS1 in IVDD

progression.
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Introduction degeneration (IVDD) is widely acknowledged as the

leading contributor to low back pain, which not only has
Low back pain is a leading cause of disability, with deleterious effects on quality of life, but also leads to a heavy
approximately 70-85% of people suffering from low financial burden (3,4). Although it is widely accepted that

back pain during their lifetime (1,2). Intervertebral disc IVDD is a biological process of disc aging, many IVDD
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patients exhibit accelerated disc degeneration attributable
to various risk factors, such as genetics, obesity, rapid
increase in weight, smoking, and lack of physical activity
(5-8). According to the severity of the IVDD, invasive or
non-invasive treatment strategies can be applied. Non-
invasive treatments such as pharmacological treatment or
acupuncture have a limit and do not help to resolving severe
conditions. Advanced invasive and regenerative strategies
hold great promise, such as total disc replacement,
cartilaginous endplates decalcification, tissue engineering,
biomaterials and cell therapy (9). In addition, combined
strategies using cell-seeded scaffolds for fully regeneration
of nucleus pulposus or annulus fibrosus cells have been
extensive studied in recent years (10). To help developing
new treatment strategies, it is crucial to elucidate the
specific pathogenesis of IVDD.

The main characteristics of IVDD include reduction
of IVD height, loss of water and extracellular matrix
(ECM) content, structural defects, chronic inflammation,
and metabolic changes (11-13). Advanced glycation end
products (AGEs) are generated by non-enzymatic reactions
between free amino groups of macromolecules and reducing
sugars, also known as the Maillard reactions (14). It is
reported that the accumulation of AGEs commonly occurs
in aging and degenerative tissues, and AGEs are strongly
associated with metabolic dysfunction, inflammation, and
endoplasmic reticulum (ER) stress, particularly in collagen-
rich tissues (15,16). Emerging evidence demonstrates
that AGE deposition gives rise to structural disruption
and the progression of IVDD (17). A myriad of literature
demonstrates that AGEs function as a vital mediator in the
development of IVDD through regulating a wide range of
processes, such as ER stress, inflammation, and oxidative
stress.

An increasing number of investigations have shown
that long noncoding RNAs (IncRNAs) play a crucial role
in the pathogenesis and progression of multiple diseases,
including IVDD (18,19). For example, knockdown of the
IncRNA ANRIL alleviated myocardial cell apoptosis in acute
myocardial infarction through regulation of IL-33/ST2 (20).
Furthermore, the IncRNA HCG18 promoted the progression
of IVDD via sponging miR-146a-5p and modulating
TRAFG6 expression (21). Silencing IncRNA LOC101928963
suppressed cell proliferation and induced apoptosis in
spinal cord glioma through binding to PMAIP1 (22).
Given that abnormally expressed IncRNAs act as pivotal
modulators in IVDD, understanding the function and
underlying mechanisms of IncRNAs in the development
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of IVDD may be beneficial to the improvement of IVDD
treatments.

Family with sequence similarity 83 member H
(FAMS83H) is initially identified as a protein essential for
dental enamel formation, and mutations in FAM83H is
associated with developing nonsyndromic amelogenesis
imperfect (23). Moreover, FAM83H is found to stabilize
B-catenin, maintain the formation of desmosomes, and
involve in the tumorigenesis of a variety of cancers such as
osteosarcomas, hepatocellular carcinoma and gastric cancer
(24-26). FAM83H antisense RNA 1 (FAM83H-AS1), also
termed onco-IncRNA-3, is located in the key region of
FAMBS83H antisense region 8q24 and is 12,198 nucleotides in
length (27). Dysregulated FAM83H-AS1 has been reported
to exert oncogenic activities in a wide range of malignant
tumors (28-30). More importantly, a recent study revealed
that FAM83H-AS1 expression was positively associated
with the grade of disc degeneration, and FAM83H-AS1
facilitated the growth of nucleus pulposus (NP) cells and
ECM deposition (31). Hence, in this study, we aimed
to further explore the unknown molecular mechanisms
governing FAM83H-AS1 in IVDD.

In the present study, we established an IVDD model
via AGE treatment, then probed the biological role of
IncRNA FAM83H-ASI in IVDD. Our findings revealed
that upregulation of FAM83H-AS1 relieved IVDD
injury. Mechanistically, FAM83H-AS1 attenuated ECM
degradation and inflammation-related pain in IVDD via
sponging miR-22-3p. We present the following article in
accordance with the ARRIVE reporting checklist (available
at http://dx.doi.org/10.21037/atm-20-7056).

Methods
Animal models

Forty Sprague-Dawley (SD) rats (three-month-old and 250 g
weight each) were used in this study. All procedures and
experiments were performed under a project license SYXK
(Jing) 2016-0043 in accordance with the ethical standards
of the Ethics Committee of Chinese-Japanese Friendship
Hospital. The surgical procedures were carried out as
described previously (32). Rats were anesthetized by 2%
(w/v) pentobarbital (40 mg/kg). Following confirmation of
the IVDs (Co7/8, Co8/9 and Co09/10), rats were randomly
divided into control group, IVDD-2 pg AGEs group,
IVDD-10 pg AGEs group and IVDD-50 pg AGEs group
(n=5 for each group). In the control group were treated
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Table 1 Primers of indicated genes used in qRT-PCR (quantitative real-time PCR)

Gene name Sense primer Anti-sense primer

FAMB83H-AS1 5'-TAGGAAACGAGCGAGCCC-3' 5'-GCTTTGGGTCTCCCCTTCTT-3'
miR-22-3p 5'-GGGAAGCTGCCAGTTGAAG-3' 5'-GTGCGTGTCGTGGAGTCG-3'
ue 5'-TAGGAAACGAGCGAGCCC-3' 5'-GCTTTGGGTCTCCCCTTCTT-3'
GAPDH 5'-TGCCCAGAACATCATCCCT-3' 5'-GGTCCTCAGTGTAGCCCAAG-3'

with PBS via intradiscal injection, and IVDD model mice
were injected with 2, 10 or 50 pg/mL AGEs. Each segment
of the IVDs was administered with a total injection volume
of 4 uL. of PBS or AGEs solution. The injections were
administered once a week for 1 month. To evaluate the
effect of FAM83H-ASI1 overexpression in vivo, rats were
divided Sham + OV-NC, IVDD + OV-NC and IVDD
+ OV-FAMS83H-AS1 group (n= 5 for each group). Sham
+ OV-NC group was normal rats received surgery and
injection with empty lentivirus control, IVDD + OV-NC
and IVDD + OV-FAMS83H-AS1 group were IVDD rats
injected with empty lentivirus control or FAM83H-AS1
expression lentivirus. The disc samples were analyzed by
H&E staining 4 weeks post-surgery.

Pain bebavior measurement

In view of the decline of paw withdrawal threshold that
manifests with heightened pain sensitivity, the hindpaw
mechanical hyperalgesia test was utilized to estimate the
severity of pain which was related to IVDD in rats. The
assay was conducted in wire mesh-floored cages and rats
were acclimatized to cages 20 minutes before measurement.
Calibrated von Frey filaments (Stoelting, USA) ranging
from 0.4 to 15.0 g were then applied to the plantar hindpaw
with enough pressure to bend the filament. A 50% force
withdrawal threshold was dependent on the mean of 3 trials
for each side of hindpaws.

Isolation and culture of NP cells

Lumbar discs were separated after rats were euthanized,
and NP tissues were isolated from lumbar discs under a
dissecting microscope and maintained in 0.1% collagenase
and 2 U/mL hyaluronidase at room temperature for
4 hours. Following digestion, tissues were placed in
DMEM containing 10% fetal bovine serum (FBS) and
1% penicillin/streptomycin, then maintained at 37 °C in
a humid incubator with 5% CO,. NP cells were collected
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from the explants after 1 week. Harvested NP cells were
then counted and seeded into 10 cm culture plates at the
appropriate density. The morphology of cells from the
second passage had no obvious changes compared to the
primary cells (passage 0). Thus, second passage cells were
adopted for all subsequent experiments. NP cells were
maintained in complete medium under 5% CO, at 37 °C
and fresh medium was replaced every other day.

RNA extraction and quantitative real-time PCR (qRT-
PCR)

Total RNA extraction from NP tissues and cells was
performed using Trizol reagent (Invitrogen, USA) based on
the manufacturer’s instructions. After RNA concentration
was determined, total RNA was reverse transcribed to
cDNA using the Reverse Transcription Kit (Invitrogen).
SYBR Green PCR Kit (Applied Biosystems) was then used
to conduct PCR on the 7000 Sequence Detection System
(Applied Biosystems). U6 and GAPDH served as reference

standards for normalization, and the 27**“* method was
utilized to calculate the relative gene expression. The

primers for qRT-PCR were listed in 7able 1.

Cell proliferation assays

Cell Counting Kit-8 (CCK-8, Dojindo, Japan) was used to
detect the viability of NP cells, based on the manufacturer’s
instructions. Following treatment with PBS or AGEs,
transfected NP cells were seeded into 96-well plates and
cultured at 37 °C. At the indicated time points, each well
was supplemented with 10 pL. of CCK-8 reagent. After an
additional 4 hours incubation at 37 °C, absorbance at 450 nm
was measured with a spectrophotometer (BioTek, USA).
For 5-ethynyl-2’-deoxyuridine (EdU) incorporation
assay, Click iT™ EdU cell proliferation assay kit
(Invitrogen) was used in accordance with the manufacturer’s
instructions. NP cells were inoculated into 96-well plates,
treated with 50 pM EdU for 2 hours, immobilized in 4%
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polyoxymethylene, followed by permeabilization with 0.5%
Triton X-100 and counterstaining with DAPI. The images
were captured with a florescence microscope (Olympus,

Japan).

Flow cytometry analysis

For quantification of F4/80*CD11C" macrophages in NP
tissues, FACSCalibur flow cytometry (Beckman Coulter,
USA) was performed. The macrophages were incubated
with fluorescent antibodies for CD11C and F4/80 (Cell
Signaling Technology, USA), then analyzed by flow

cytometry.

Immunofluorescence staining

After washing 3 times with PBS, macrophages were fixed
in 4% formaldehyde, permeabilized with 0.5% Triton
X-100, and blocked in 5% BSA. Subsequently, cells were
incubated with a primary antibody against CD68 (Cell
Signaling Technology) at 4 °C overnight, then probed with
a fluorochrome-labeled secondary antibody at 37 °C for
2 hours. Macrophages were visualized with a fluorescence
microscope.

Western blot

Total protein was isolated from tissues using lysis buffer
(Beyotime, China). The equivalent protein samples were
separated on 10% SDS-PAGE gels, then transferred to
PVDF membranes (Bio-Rad, USA). Following blocking in
5% skim milk, membranes were incubated overnight with
primary antibodies at 4 °C, appropriate secondary antibodies
for 1 hour at 37 °C, then treated with Amersham ECL
Western Blotting System (Amersham Pharmacia, USA).
The following primary antibodies were used: ADAMTS-4
(Abcam# ab219548), MMP-3 (Cell signaling#14351),
collagen II (Thermal Fisher #MA5-13026), aggrecan
(Thermal Fisher #MA5-16888), I1.-23 (Thermal Fisher #
16-7123-81), IL-10 (Thermal Fisher # MA5-23796), and
GAPDH (Cell signaling #5174). GAPDH was used as an
internal control.

RNA pull down assay

Biotinylated wild type and mutant FAM83H-AS1 were
synthesized with T7 RNA polymerase (Roche, USA) and
the Biotin RNA Labeling Mix (Roche) according to the
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manufacturer’s instructions. Cell extracts were incubated
with biotin-labeled RNAs and streptavidin agarose beads
(Invitrogen) for 1 hour at 37 °C. RNAs were eluted from
beads, purified, then detected by qRT-PCR.

Statistical analysis

Statistical analysis was performed using SPSS 17.0 software
(IBM, Chicago, IL, USA), and experimental data were
expressed as mean = SD from at least 3 independent assays.
Comparisons between two groups were analyzed using
Student’s #-test, and comparisons between multiple groups
were analyzed by one-way analysis of variance (ANOVA).
P<0.05 was regarded as statistically significant.

Results
AGE:s treatment exacerbated IVDD in a rat model in vivo

To establish the IVDD model, rats were injected with
AGEs. We observed that intradiscal injection of AGEs
resulted in a decrease in mechanical withdrawal thresholds
and mechanical hyperalgesia, which appeared to be both
dose-dependent and time-dependent (Figure 14). Rats
from the IVDD-50 pg AGEs group were used for further
study. Results of HE staining demonstrated that AGEs
treatment led to IVDD injury (Figure 1B). Western blot
demonstrated that administration of AGEs significantly
augmented the expression of ADAMTS-4 and MMP-3, and
diminished collagen II and aggrecan levels, suggesting that
AGEs treatment aggravated the degradation of the ECM
(Figure 1C,D,E,F,GQ). Additionally, the increase in 1L-23
expression and the reduction in anti-inflammatory cytokine
IL-10 levels were ascribed to AGEs intradiscal injection
(Figure 1H,I). qRT-PCR analysis unveiled that FAM83H-
AS1 expression decreased significantly in the IVDD group
compared with the control group (Figure 17). Overall,
AGE:s injection triggered IVDD damage in a rat model.

Overexpression of FAMS3H-AS1 promoted NP cell
proliferation, alleviated ECM degradation and prevented
IVDD progression in vivo

In order to investigate the role of FAM83H-AS1 in IVDD,
we overexpressed FAM83H-AS1 in AGEs-induced NP
cells, and transfection efficacy was verified by qRT-PCR
(Figure 24). The CCK-8 assay and EAU assay unveiled that
ectopic expression of FAM83H-ASI resulted in the recovery
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Figure 1 AGEs treatment exacerbated IVDD in a rat model iz vivo. Rats were divided into two groups: control group and IVDD model
group. Rats in the control group were treated with PBS, and IVDD model rats were inoculated with AGEs. (A) Results of pain behavior
measurement between groups; (B) HE staining images of IVDs in control and IVDD-50 pug AGEs rats; (C) Western blot was performed to
compare ECM-related protein expression levels and inflammation between control and IVDD-50 pg AGEs group rats; (D,E,F,G,H,I) the
quantitative analysis of corresponding protein expression levels; (J) FAM83H-AS1 expression was examined by qRT-PCR in control and
IVDD-50 pg AGEs group mice. All experimental data are shown as mean + SD from at least 3 independent assays. *, P<0.05 vs. control
group. AGEs, advanced glycation end products; IVDD, intervertebral disc degeneration.
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of inhibited cell proliferation caused by AGEs treatment
(Figure 2B,C). In agreement with the above findings,
western blot analysis demonstrated that overexpression
of FAM83H-AS1 reduced the protein expression
levels of ADAMTS-4 and MMP-3 in the IVDD group
(Figure 2D,E,F). To investigate the function of FAM83H-
AS1 in vivo, we performed a disc puncture procedure to
model IVDD in rats and overexpressed FAM83H-AS1 by
lentivirus. As shown in Figure 2G, the IVDD + OV-NC
group showed obviously more degeneration than the IVDD
+ OV-FAMB83H-AS1 group, indicating that FAM83H-
AS1 overexpression prevented IVDD progression. In
addition, there was a significantly difference of histological
score between the IVDD + OV-NC group and IVDD
+ OV-FAMS83H-AS1 group (Figure 2H). Based on the
aforementioned findings, we concluded that overexpression
of FAM83H-AS1 ameliorated IVDD injury through
regulating NP cell growth and ECM degradation.

FEAMS83H-AS1 functioned as a sponge of miR-22-3p

With the aid of bioinformatics analysis, we found that
FAMS83H-AS1 harbored the potential binding sites for
miR-22-3p (Figure 34). RNA pull down assay demonstrated
that miR-22-3p was only abundantly enriched in complexes
pulled down by wild type FAM83H-ASI in contrast with
mutant FAM83H-AS1 precipitates, validating that miR-22-
3p directly bound to FAM83H-AS1 (Figure 3B). Results of
gRT-PCR assay showed that the expression of miR-22-3p
was enhanced by AGEs treatment, and that the restoration
of miR-22-3p levels occurred due to overexpression
of FAM83H-AS1 (Figure 3C). Overall, FAM83H-AS1
negatively regulated miR-22-3p expression via directly
binding with it.

FAMS83H-AS1 regulated IVDD through targeting miR-
22-3p

To confirm whether the function of FAM83H-AS1 was
mediated by miR-22-3p, we carried out rescue experiments.
As shown in Figure 44, the increased miR-22-3p expression
in the IVDD model group was recovered by overexpression
of FAM83H-AS1, then elevated by upregulation of
miR-22-3p. Western blot revealed that the decline in
Ki67 levels caused by IVDD was reversed by ectopic
expression of FAM83H-AS1, and overexpression of miR-
22-3p contributed to the restoration of Ki67 expression
(Figure 4B). Moreover, elevated ADAMTS-4 and MMP-3
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expression resulting from IVDD was reduced by FAM83H-
AS1 upregulation, and subsequent overexpression of miR-
22-3p partially counteracted the effects of FAM83H-
AS1 on the protein levels of ADAMTS-4 and MMP-3
(Figure 4C,D,E). Taken together, these findings indicated
that FAM83H-AS1 functioned as a regulator of IVDD via
modulation of miR-22-3p.

Upregulation of miR-22-3p partially abolished the impact
of FAM83H-AS1 on inflammatory pain

Next, we explored the role of FAM83H-AS1/miR-22-
3p in inflammatory pain. The IVDD-induced mechanical
hyperalgesia was lowered due to highly expressed
FAMS83H-AS1 and overexpression of miR-22-3p, which
led to the recovery of the mechanical withdrawal threshold
(Figure 5A). Likewise, IL-23 levels were diminished and
the expression of IL-10 was increased in IVDD model mice
when FAM83H-AS1 was overexpressed. Subsequently,
upregulation of miR-22-3p abrogated the function of
FAMS83H-AS1 in the expression of IL-23 and IL-10
(Figure 5B,C,D). Cells extracted from IVD tissues were
morphologically consistent with macrophages, and the
significant expression of CD68 further validated that
macrophages were successfully isolated (Figure SE). Flow
cytometry analysis demonstrated that the proportion of
macrophages positive for F4/80°CD11C" in the IVDD
group was elevated by overexpression of FAM83H-
AS1, and miR-22-3p upregulation recovered the ratio of
positive F4/80°CD11C" macrophages (Figure 5F). Overall,
FAMS83H-AS1 ameliorated inflammatory responses in
IVDD through sponging miR-22-3p.

Discussion

Accumulating evidence suggests that IncRNAs play a
critical role in IVDD progression through modulating
various cellular processes, such as autophagy, senescence,
proliferation, and ECM synthesis (33,34). A previous study
demonstrated that IncRNA FAM83H-AS1 contributes
to NP cell growth through the regulation of the Notch
signaling pathway (31). Furthermore, FAM83H-AS1
functions as an oncogene in a diverse range of cancers
through promoting cell proliferation, metastasis, and
radioresistance, while suppressing cell apoptosis (35-37).
In this study, we applied AGEs intervertebral injection to
establish the IVDD rat model. Our findings confirmed that
AGE:s treatment resulted in IVDD damage. Additionally,
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Figure 2 Overexpression of FAM83H-ASI promoted NP cell proliferation, alleviated ECM degradation and prevent IVDD progression
in vivo. NP cells isolated from IVD tissues were treated with 50 pg/mL AGEs, followed by transfection with FAM83H-AS1 plasmid or
empty vector. NP cells treated with PBS served as the control. (A) The efficiency of FAM83H-AS1 overexpression was verified by qRT-
PCR analysis; (B) CCK-8 assay was performed to assess the viability of NP cells; (C) cell proliferation capacity was also determined using
the EdU incorporation assay; (D,E,F) the protein expression of ADAMTS-4 and MMP-3 was measured by western blot. (G) Representative
H&E staining of disc samples from different experimental groups at 4 weeks post-surgery. (FH) Histological scores at 4 weeks post-surgery
in three groups. All experimental data are shown as mean = SD from at least 3 independent assays. *, P<0.05 vs. control group; *, P<0.05 vs.
AGEs group; ¢, P<0.05 vs. IVDD + FAM83H-ASI1 group. ECM, extracellular matrix; NP, nucleus pulposus; AGEs, advanced glycation end
products; qRT-PCR, quantitative real-time PCR.
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Figure 3 FAM83H-ASI functioned as a sponge of miR-22-3p. (A) The putative binding sites between FAM83H-AS1 and miR-22-3p
revealed through bioinformatics analysis; (B) RINA pull down assay validated the binding specificity of miR-22-3p to FAM83H-AS1; (C)

qRT-PCR detection of miR-22-3p expression after different treatments. All experimental data are shown as mean = SD from at least 3

independent assays. *, P<0.05 vs. control group; *, P<0.05 vs. AGEs group. qRT-PCR, quantitative real-time PCR.

FAMS83H-AS1 was significantly downregulated in the
IVDD group, indicating its potential role in IVDD
progress. NP cells that generate collagen and proteoglycan
aggrecan to construct the complex ECM are of great
importance in maintaining healthy discs (13). We found
that overexpression of FAM83H-AS1 increased NP cell
growth and attenuated ECM degradation, suggesting
that FAM83H-AS1 exerted a suppressive role in the
development of IVDD.

Recently, the role of miR-22-3p has been explored
in several diseases. It has been reported that miR-22-3p
functions as a tumor suppressor gene in human cancers and
inhibits cell proliferation and enhanced chemosensitivity
in malignancies (38,39). Moreover, numerous studies
reveal the potential of miR-22-3p in various orthopedic
disorders. For example, Perez-Sanchez et 4. demonstrated
that high expression of miR-22-3p is correlated with disease
activity and structural damage in patients with ankylosing
spondylitis (40). Furthermore, miR-22-3p was found to
be significantly downregulated in osteoporosis, resulting
from impaired WN'T signaling through analysis of miRNA
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profile (41). Consistently, Wu er 4/. further indicated
that miR-22-3p slows the progression of osteogenesis via
controlling cell growth (42). More importantly, it has been
shown that miR-22 participates in the regulation of H,O,-
induced cell senescence, growth, and ECM synthesis (43).
Until now, the association between miR-22-3p and
FAMS83H-AS1 in IVDD pathogenesis had not yet been
elucidated. In our study, we found that FAM83H-AS1 acted
as a molecular sponge for miR-22-3p. We then investigated
the participation of FAM83H-AS1/miR-22-3p in the
progression of IVDD. Our results suggested that FAM83H-
AS1 executed its regulatory effects on ECM degradation
and NP cell growth in IVDD development through the
suppression of miR-22-3p.

Several studies have revealed that macrophages exhibit
overt heterogeneity in phenotype and function, and local
environmental factors determine the function and activation
states of macrophages (44,45). According to their activation
state, macrophages are segmented into a classically activated
(M1) phenotype and alternatively activated (M2) phenotype.
M1 macrophages secrete high levels of pro-inflammatory

Ann Transl Med 2020;8(22):1518 | http://dx.doi.org/10.21037/atm-20-7056
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Figure 4 FAM83H-ASI regulated IVDD through targeting miR-22-3p. (A) The level of miR-22-3p in different treatment groups was
measured by qRT-PCR assay; (B) the protein expression of Ki67 as determined by western blot; (C,D,E) Western blot was carried out for

evaluaton of ADAMTS-4 and MMP-3 protein levels. All experimental data are shown as mean + SD from at least 3 independent assays. *,
P<0.05 ws. control group; ¥, P<0.05 vs. IVDD group; %, P<0.05 vs. IVDD + FAM83H-ASI group. IVDD, intervertebral disc degeneration;

qRT-PCR, quantitative real-time PCR.

cytokines including IL-6, IL-12, and TNF-a, while M2
macrophages predominantly secrete anti-inflammatory
factors, such as IL-10 and CCL18 (46). In this study,
we found that IL-10 was decreased while IL-23 were
increased in IVDD group, however this was reversed by
FAMS83H-AS1 overexpression. In addition, restore miR-
22-3p expression abolished the effects on IL-10 and IL-
23 caused by FAM83H-AS1, indicating that miR-22-3p
mediated the regulatory role of FAM83H-AS1 in IL-23
and IL-10 expression and macrophage phenotypes in the
IVDD model. These results indicated that FAM83H-AS1

promoted macrophage polarization to inhibit inflammation

© Annals of Translational Medicine. All rights reserved.

in IVDD through targeting miR-22-3p.

Conclusions

In summary, our study unraveled the biological function
and novel molecular mechanism of FAM83H-AS1 in
IVDD. We demonstrated that FAM83H-AS1 relieved
IVDD damage through sponging miR-22-3p. To the best
of our knowledge, this study is the first to shed light on the
association between FAM83H-AS1 and miR-22-3p. Our
findings may provide a promising therapeutic strategy for
IVDD.
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Figure 5 Upregulation of miR-22-3p partially abolished the impact of FAM83H-AS1 on inflammatory pain. (A) The paw withdrawal
thresholds of rats in different treatment groups; (B,C,D) Western blot was performed to measure the protein expression of IL-23 and
IL-10 after different treatments; (E) the immunofluorescence assay was conducted to detect CD68 expression in macrophages; (F) the
positive F4/80°CD11C" macrophages were analyzed by flow cytometry. All experimental data are shown as mean + SD from at least 3
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