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Abstract 

Objective  Ankylosing spondylitis (AS) is a progressive systemic disease characterized by a chronic inflammatory 
response in the sacroiliac joints and spine. Long noncoding RNAs suggest significant actions in the progression of AS. 
Therefore, a specific lncRNA, highly upregulated in liver cancer (HULC), was studied here regarding its functions 
and related mechanisms in AS.

Methods  Measurements of miR-556-5p, HULC, and YAP1 expression were performed on AS cartilage tissues 
and chondrocytes. The interaction between miR-556-5p and HULC or YAP1 was verified. CCK-8, flow cytometry 
and enzyme-linked immunosorbent assay were used to evaluate the effects of HULC, miR-556-5p, and YAP1 
on the proliferation, apoptosis, and inflammatory response of AS chondrocytes. Furthermore, the action of HULC/miR-
556-5p/YAP1 was experimentally observed in AS mice.

Results  HULC and YAP1 levels were augmented, while miR-556-5p levels were suppressed in AS cartilage tis-
sues and chondrocytes. Downregulating HULC or upregulating miR-556-5p stimulated chondrocyte prolifera-
tion and inhibited apoptosis and inflammation in AS. miR-556-5p was a downstream factor of HULC, and YAP1 
was a potential target of miR-556-5p. The improvement effect of downregulated HULC on AS chondrocytes was saved 
when YAP1 expression was forced. In addition, silence of HULC improved the pathological injury of spinal cartilage 
in AS mice by enhancing miR-556-5p-related regulation of YAP1.

Conclusion  HULC inhibition relieves the inflammatory response in AS by reducing miR-556-5p-mediated YAP1 
expression.
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Introduction
Ankylosing spondylitis (AS) is a chronic autoimmune 
disease characterized by systemic inflammation and 
pathological osteogenesis, which involves the spine and 
sacroiliac joints and eventually leads to the ossification 
of ligament and spinal fusion [1–4]. There are few cases 
of surgical treatment in clinical application due to high 
perioperative risk, cost, difficulty in operation and poor 
prognosis [5, 6]. Considering the adverse effects, such 
as increased risk of cardiovascular disease, non-steroi-
dal anti-inflammatory drugs and anti-tumor necrosis 
factor-α therapy are not approved for long-term treat-
ment of AS [7–11]. Although studies have confirmed that 
the etiology and pathogenesis of AS are related to bacte-
rial infection [12, 13], macrophage activation [14], HLA-
B27 misfolding [15], autophagy [16, 17], and cytokines 
[18, 19], the underlying mechanism of inflammatory 
response has not been fully elucidated. Therefore, a com-
prehensive insight into the molecular mechanism of the 
inflammation progression in AS is urgent at present.

As non-coding regulatory RNAs, long noncoding 
RNAs (lncRNAs) can modulate many biological pro-
cesses, such as cell proliferation, apoptosis, and the 
release of proinflammatory cytokines [20, 21]. Till 
now, lncRNAs have been believed to actively involve in 
orthopedic diseases, including scoliosis, disc hernia-
tion, arthritis, and AS [22–24] and are considered with 
potential treatment effects. For example, lncRNA NKILA 
affects plasma TGF-β1 level [25], and lncRNA H19 medi-
ates the release of inflammatory cytokines IL-17/IL-23 
in AS [26]. Down-regulating lncRNA HOTTIP improves 
AS progression by inhibiting the proliferation and dif-
ferentiation of fibroblast-like synovial cells [27]. Wang 
et  al. [28] have demonstrated that lncRNA HULC pro-
motes inflammatory responses in cholangiocarcinoma 
by affecting the production of IL-6. In addition, HULC 
exerts a regulatory role in the TNFα-induced apoptosis 
of human vascular endothelial cells [29]. However, HULC 
involved in the regulation of inflammatory response has 
not been studied in AS.

The competing endogenous RNA hypothesis has been 
recognized and confirmed in a variety of human diseases 
[30, 31]. Multiple studies have confirmed the role of miR-
NAs and mRNAs in musculoskeletal disorders [32–35]. 
The current paper predicted HULC-related miRNA and 
mRNA target through bioinformatics, and screened out 
miR-556-5p and YAP1. miR-556-5p, a small non-cod-
ing RNA, can mediate inflammatory responses [36, 37]. 
YAP1 is identified as a transcriptional coactivator that 
suggests modulatory roles in orthopedic degenerative 
diseases and affects activities of chondrocytes [38, 39].

The study aimed at discussing the interrelationship 
between HULC, miR-556-5p, and YAP1, and was based 

on the assumption that HULC can absorb miR-556-5p 
to regulate YAP1, and then affect the inflammatory 
response of AS.

Methods
Research objects
From 20 AS patients (15 males, 5 females; Age ranged 
from 21 to 45 years [mean age, 28 years]), AS cartilage tis-
sue was collected from the hip joint. Control specimens 
(13 males, 7 females; Age ranged from 22 to 40, [mean 
age, 30 years]) were separated from 20 cases undergoing 
traumatic femoral head fracture or hip fracture surgery. 
Specimens were fixed in 4% paraformaldehyde for 2–4 h 
at 4 °C, placed overnight at 4 °C in PBS-30% sucrose, and 
stored at − 80  °C. Patients were diagnosed according to 
AS classification criteria (the Assessment of SpondyloAr-
thritis international Society). Written informed consent 
was collected from all subjects. This study was approved 
by the Ethics Committee of Ganzhou People’s Hospital.

Chondrocyte isolation and culture
Patients’ cartilage tissue was transferred to two sepa-
rate Petri dishes under sterile conditions, cut into about 
1-mm3, and collected after centrifugation. Then, the sam-
ples after detachment with 0.25% trypsin for 5 min were 
treated with centrifugation and resuspended in 10  ml 
PBS. The precipitate was added to 10  ml DMEM/F12 
containing 0.2% collagenase II to incubate for 12 h under 
normal conditions. The cell suspension was filtered 
through a 200 mesh filter and collected by centrifugation, 
and the cell precipitate was resuspended in 10% FBS-
DMEM/F12 medium to reach 1 × 106 cells/ml concentra-
tion, and standard-cultured in 100-mm dishes to greater 
than 90% confluence.

To identify chondrocytes, chondrocytes fixed in 4% 
paraformaldehyde were stained with 1% toluidine blue 
for 30  min, followed by successive treatments with 
double water and absolute ethanol before microscopic 
examination.

Chondrocyte transfection
Chondrocytes were seeded in 6-well plates and trans-
fected following the protocol of Lipofectamine 2000 
(Thermo Fisher Scientific, Waltham, MA, USA). The 
plasmids (Genechem, Shanghai, China) included HULC 
low expression negative control (sh-NC), HULC low 
expression vector (sh-HULC), HULC high expression 
negative control (oe-NC), HULC high expression vec-
tor (oe-HULC), mimic NC, miR-556-5p mimic, inhibitor 
NC, miR-556-5p inhibitor, YAP1 high expression nega-
tive control (pcDNA-NC), and YAP1 high expression 
vector (pcDNA-YAP1).
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RT‑qPCR
Total RNA was extracted from 1 × 106 cells or 0.1 g tissue 
using TRIzol reagent (Invitrogen, Carlsbad, CA, USA). 
The quality and quantity of RNA samples were evalu-
ated by standard spectrophotometry and electrophore-
sis. cDNA was synthesized by PrimeScript RT Reagent 
Kit (Takara, Japan) using total RNA 1  μg as template. 
cDNA was subjected to PCR amplification: Denaturation 
at 92  °C for 10 s, annealing at 55  °C for 20 s and exten-
sion at 68 °C for 20 s (40 cycles). PCR was performed in 
a reaction mix of SYBR Green (Takara) with a CFX96 
Touch Real-Time PCR Detection System (Bio-Rad, Her-
cules, CA, USA). U6 and GAPDH were loading controls. 
Table 1 exhibits sequences of gene primers.

Western blot
Total protein was extracted using a radioimmunopre-
cipitation assay kit (Beyotime, Shanghai, China), and 
protein concentration was determined using a BCA kit 
(Beyotime). Equal amounts of protein were separated 
by loading onto 10% SDS-PAGE, then the proteins were 
transferred to polyvinylidene difluoride membranes, 
blocked with 5% nonfat milk for 1 h, mixed with primary 
antibodies anti-YAP1 (ab52771; 1:1000, Abcam) and anti-
GAPDH (ab8245; 1:1000, Abcam) overnight at 4 °C, and 
combined with goat anti-Rabbit IgG-HRP (ab205718; 
1:2000, Abcam) for 2  h. Protein bands were colorized 
with enhanced chemiluminescence reagent (Beyotime) 
and evaluated by Image J software.

ELISA
IL-1β, IL-6, and TNF-α were detected by corresponding 
ELISA kits (Hengyuan, Shanghai, China). OD values at 
450 nm were measured by a microplate reader (Thermo 
Fisher Scientific).

CCK‑8
Chondrocyte proliferation was determined using the 
CCK-8 kit (Solarbio, Beijing, China). Chondrocytes 
cultured in 96-well plates (5 × 103 cells/well) for 3 d 
were added with CCK-8 reagent (10  μl/well) for 2  h, 
and tested on a microplate reader (Thermo Fisher Sci-
entific) to record OD values at 450 nm.

Flow cytometry
Chondrocytes (1 × 106) were stained using the FITC-
Annexin V Apoptosis Detection Kit (BD Biosciences, 
San Jose, CA, USA) according to the manufacturer’s 
instructions and assessed on a BD FACSCalibur flow 
cytometer (BD Biosciences).

TUNEL staining
Chondrocyte slides were fixed in 4% paraformaldehyde 
for 30 min and immersed in 1% Triton X-100 for 3 min. 
Cell slides were reacted with 50 μl TdT solution for 1 h 
and incubated with 50  μl streptavidin-TrITC solution 
for 30 min. After counterstaining with 6-diamamidine-
2-phenylindole for 10  min, slides were sealed with 
diluted glycerol and photographed under a fluorescence 
microscope (Olympus, Tokyo, Japan) with an excitation 
wavelength of 543  nm and an emission wavelength of 
571 nm.

Dual‑luciferase reporter assay
The reporter vector pmirGLO-HULC-WT (wild type) 
was formed by cloning HULC cDNA, which contains 
the predictive binding site of miR-556-5p, into the 
pmirGLO Dual-Luciferase miRNA Target Expres-
sion Vector (Promega, Madison, WI, USA). The vec-
tor pmirGLO-HULC-MUT (mutant) was inserted by 
the mutant HULC, which contains point mutations 
of the miR-556-5p seed region binding site. Likewise, 
YAP1 3’UTR sequences containing wild-type or mutant 
miR-556-5p binding sites were inserted into pmir-
GLO vector (Promega). Luciferase reporters HULC-
WT, HULC-MUT, YAP1-WT, and YAP1-MUT were 
obtained. The above plasmids and miR-556-5p mimic 
or mimic NC were transfected into 293  T cells using 
Lipofectamine 2000 (Thermo Fisher Scientific) and 
analyzed for luciferase activity after 48 h by dual lucif-
erase reporter assay kit (Promega).

RNA immunoprecipitation (RIP) assay
293  T cells were transfected with miR-556-5p mimic 
or mimic NC, respectively. After 48 h, RIP assays were 
performed on the cells based on Magna RIP™ Kit (Mil-
lipore, Bedford, MA, USA). Then, 293  T cells were 

Table 1  PT-qPCR primers

HULC Long noncoding RNA highly upregulated in liver cancer, miR-556-5p 
microRNA-556-5p, YAP1 Yes-associated protein 1, GAPDH Glyceraldehyde-3-
phosphate dehydrogenase

Genes PCR primer sequences (5’–3’)

HULC Forward: TCA​TGA​TGG​AAT​TGG​AGC​CTT​

Reverse: CTC​TTC​CTG​GCT​TGC​AGA​TTG​

miR-556-5p Forward: GAT​GAG​CTC​ATT​GTAAT​

Reverse: GCA​GGG​TCC​GAG​GTA​TTC​

YAP1 Forward: CCC​TCG​TTT​TGC​CAT​GAA​CC

Reverse: GTT​GCT​GCT​GGT​TGG​AGT​TG

U6 Forward: CTC​GCT​TCG​GCA​GCACA​

Reverse: AAC​GCT​TCA​CGA​ATT​TGC​GT

GAPDH Forward: CAC​CCA​CTC​CTC​CAC​CTT​TG

Reverse: CCA​CCA​CCC​TGT​TGC​TGT​AG
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incubated with anti-Ago2 (Millipore) or IgG (Milli-
pore), and the relative enrichment of HULC and YAP1 
were measured by RT-qPCR.

Animal model
A total of 36 healthy BALB/c male mice (18–22  g, 
4–5 weeks old) were maintained in stable animal exper-
imental cages for one week. With 6 mice as normal 
controls, 30 mice were modeled AS by intraperitoneal 
injection with 0.15  mL emulsion (75  μg proteoglycan) 
and an additional injection after 7 d. After 21 d, joint 
swelling and joint pathology were evaluated.

Grouping of experimental animals
50  mM of sh-NC, sh-HULC, oe-NC, or oe-HULC were 
mixed with Invivofectamine (IVF3005; Thermo Fisher 
Scientific) and then injected into mice via tail vein. 
Mice were divided into normal group (normal mice did 
not receive any treatment), AS group (AS mice did not 
receive any treatment), AS + sh-NC group (AS mice intra-
venously injected with sh-NC), AS + sh-HULC group (AS 
mice intravenously injected with sh-HULC), AS + oe-NC 
group (AS mice intravenously injected with oe-NC), 
and AS + oe-HULC group (AS mice were intravenously 
injected with oe-HULC), with 6 mice in each group. Mice 
were injected every 3  days and euthanized on day 14. 
Next, the mouse spine was isolated under a stereoscopic 
microscope, the cervical disc was removed, the vertebral 
cartilage endplate was separated, with attached red blood 
cells, bone tissue, and disc fibrous tissue removed. Subse-
quently, cartilage tissue was dissected into 5 mm × 5 mm, 
treated with liquid nitrogen, and stored at − 80 °C.

HE staining
Cartilage tissues were prepared as paraffin-embedded 
blocks and sectioned into 5 μm. Then, the sections were 
dewaxed with xylene, dehydrated in gradient ethanol, 
stained with hematoxylin for 7  min, and rinsed under 
running water. After removing the excess dye solution, 

sections were dehydrated with 95% ethanol for 5  s and 
stained with eosin for 1  min for observations under a 
light microscope (Nikon, Japan).

Safranin O staining
Sections were dewaxed with xylene, dehydrated with gra-
dient ethanol, and rinsed with distilled water. Sections 
were stained with Weigert Iron Hematoxylin for 10 min 
and with 0.25% Fast Green Stain for 5  min and rinsed 
directly in 1% acetic acid. Subsequently, sections were 
dehydrated with gradient ethanol and stained with 1% 
saffron O. Finally, xylene-washed sections were observed 
under a light microscope (Nikon).

Statistical analysis
SPSS 25.0 software was utilized for statistical analysis. 
All data are expressed as mean ± standard deviation and 
assessments were carried out using student’s t test or 
one-way analysis of variance, followed by Tukey’s post-
hoc test. P < 0.05 indicates statistical significance.

Results
Forced expression of HULC in AS cartilage tissues 
and chondrocytes
The abnormally high expression of HULC in cartilage 
tissues of AS was confirmed by RT-qPCR (Fig. 1A). Sub-
sequently, chondrocytes were identified, and the results 
showed that the appearance of chondrocytes was polyg-
onal, with abundant cytoplasm, clear nuclei, round or 
oval nuclei located in the center of the cell body, and 1–3 
nucleoli. The cells showed good refraction and optimal 
colony growth (Fig.  1B). In addition, RT-qPCR results 
supported that HULC expression was increased in AS 
chondrocytes (Fig. 1C).

Silencing of HULC promotes chondrocyte proliferation 
and reduces apoptosis and inflammation in AS
RT-qPCR demonstrated that HULC expression was 
decreased after HULC knockdown, while it was 

Fig. 1  Forced expression of HULC in AS cartilage tissues and chondrocytes. HULC expression in cartilage tissue of AS patients (A). Identification 
of chondrocytes by inverted microscope and toluidine blue staining (B). HULC expression in AS chondrocytes (C). Values were expressed 
as mean ± standard deviation, P < 0.05
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increased after HULC overexpression (Fig.  2A). Then, 
IL-1β, IL-6, and TNF-α were detected by ELISA, and 
the results demonstrated that the three were decreased 
after downregulating HULC, while upregulating HULC 
caused the opposite trend (Fig.  2B–D). In addition, 
chondrocyte proliferation was checked by CCK-8, and 
apoptosis was by flow cytometry and TUNEL staining. 
The collected data exhibited that HULC silencing pro-
moted proliferation and limited apoptosis in AS chon-
drocytes, while HULC up-regulation promoted the 
opposite trend (Fig. 2E–G).

miR‑556‑5p is a downstream factor of HULC
The binding site between HULC and miR-556-5p was 
predicted by RNA22 (Fig. 3A), and the targeting relation-
ship between HULC and miR-556-5p was further verified 
by dual luciferase reporter gene detection, as evidenced 
by the results that the luciferase activity was blocked 
after co-transfection of HULC-WT and miR-556-5p 
mimic (Fig.  3B). In addition, we took RIP assay to illu-
minate the endogenous relationship between HULC and 
miR-556-5p. As suggested in Fig. 3C, HULC were specifi-
cally enriched in the Ago2 pellet compared with control 

Fig. 2  HULC affects chondrocyte proliferation and reduces apoptosis and inflammation in AS. Successful cell transfection to alter HULC expression 
in AS chondrocytes (A). After transfection, measurements of IL-1β, IL-6 and TNF-α levels (B–D), proliferation (E), and apoptosis (F, G). Values are 
expressed as mean ± standard deviation. *P < 0.05 versus sh-NC; #P < 0.05 versus oe-NC
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IgG immunoprecipitates. miR-556-5p was downregu-
lated in AS cartilage tissues and chondrocytes (Fig.  3D, 
E), and could be negatively altered in AS chondrocytes 
after HULC intervention (Fig. 3F).

Induction of miR‑556‑5p protects chondrocytes 
from AS‑induced damages
RT-qPCR reported the increase in miR-556-5p expres-
sion after miR-556-5p mimic treatment, and the expres-
sion decreased after miR-556-5p inhibitor treatment 
in AS chondrocytes (Fig.  4A). Decreased contents of 
inflammatory factors and enhanced proliferation, in 
concert with reduced apoptosis, were observable in 
miR-556-5p-overexpressed AS chondrocytes, while miR-
556-5p-underexpressed AS chondrocytes manifested the 
opposite trend (Fig. 4B–G).

YAP1 is a potential target gene of miR‑556‑5p
The binding site between miR-556-5p and YAP1 was 
identified by starBase prediction (Fig.  5A), and further 
verification by dual luciferase assay revealed that the 
luciferase activity was reduced after co-transfection of 
YAP1-WT and miR-556-5p mimic (Fig. 5B). In addition, 
we took RIP assay to illuminate the endogenous rela-
tionship between miR-556-5p and YAP1. As suggested 

in Fig. 5C, YAP1 were specifically enriched in the Ago2 
pellet compared with control IgG immunoprecipitates. 
YAP1 levels were enhanced in AS cartilage tissues and 
chondrocytes (Fig. 5D, E). After elevating miR-556-5p, a 
reduction was recognized in YAP1 expression, whereas 
the expression increased after downregulating miR-
556-5p (Fig. 5F).

YAP1 overexpression counteracts silenced HULC‑induced 
protection against AS
The successful transfection of sh-HULC + pcDNA-YAP1 
or sh-HULC + pcDNA-NC was verified by RT-qPCR and 
Western blot (Fig. 6A). Due to YAP1 high expression, the 
protective actions of HULC silence against inflammation, 
anti-proliferation, and apoptosis of AS chondrocytes 
were mitigated (Fig. 6B–G).

HULC affects the pathological injury of spinal cartilage 
in AS mice
In the spinal cartilage of AS mice, high HULC and 
YAP1, and low miR-556-5p could be measured. After 
injection with sh-HULC, miR-556-5p levels were 
restored and YAP1 levels were impaired, while injec-
tion of oe-HULC showed the opposite result (Fig. 7A). 
Then, Safranin O staining and HE staining observed 

Fig. 3  3 miR-556-5p is a downstream factor of HULC. Binding sites of HULC and miR-556-5p predicted by RNA22 database (A). Verification 
of the targeting relationship between HULC and miR-556-5p (B). RIP assay was carried out to identify the correlation between HULC and miR-556-5p 
(C). miR-556-5p expression in AS cartilage tissues and chondrocytes (D, E). miR-556-5p expression in AS chondrocytes after the intervention of HULC 
expression (F). Values were expressed as mean ± standard deviation, P < 0.05
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the pathological changes of spinal cartilage. The normal 
mice had only a few inflammatory cells and fibrocytes 
impregnated, and the histomorphology was normal 
without eosinophils. Infiltration of inflammatory cells, 
fibers, and eosinophils appeared, accompanied by syno-
vial cell proliferation, cartilage tissue infiltration, car-
tilage tissue transformation and fibrosis, and severely 
damaged articular surface of cartilage in AS mice. 
Depleting HULC improved cartilage histopathological 
injury, while elevating HULC had the opposite effect 
(Fig. 7B, C).

Discussion
AS is a complex inflammatory disease with no clear 
mechanism. Molecular biology and genomics have 
highlighted the regulatory element of lncRNAs in AS. 
In AS, lncRNAs are abnormally expressed in different 
tissues or cells (including hip ligament, whole blood, 
PBMC, T cells, and osteogenic MSC), and are involved 
in the regulation of inflammatory signals [3, 24, 26]. 
This study focused on HULC in AS inflammation and 
proved that silencing HULC targeted YAP1 through 
absorption of miR-556-5p, and then inhibited the 
inflammatory response of AS.

Fig. 4  Induction of miR-556-5p protects chondrocytes from AS-induced damages. Successful cell transfection to alter miR-556-5p expression 
in AS chondrocytes (A). After transfection, measurements of IL-1β, IL-6 and TNF-α levels (B–D), proliferation (E), and apoptosis (F, G). Values are 
expressed as mean ± standard deviation. *P < 0.05 versus mimic NC; #P < 0.05 versus inhibitor NC
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HULC with a length of about 500 nucleotides, mainly 
exists in the cytoplasm and interacts with ribosomes [40]. 
HULC is highly expressed in liver cancer and colorectal 
cancer, which promotes cancer development [40, 41]. 
Wang et al. [28, 42] have screened out HULC with upreg-
ulated expression that may be involved in inflammatory 
responses. Here, the study measured high HULC expres-
sion in AS cartilage tissues and cells, and confirmed that 
HULC knockdown promoted proliferation, inhibited 
apoptosis and inflammatory response of AS chondro-
cytes, and improved the pathological injury of spinal car-
tilage tissue in AS mice, while HULC induction had the 
opposite effect.

HULC can act as ceRNA to downregulate miRNAs in 
disease progression. For example, HULC mediates miR-
2052 or miR-372 to affect liver cancer development [43, 
44]. HULC can sponge miR-372/miR-373 to influence 
the malignant activities of cholangiocarcinoma cells 
[28]. Similarly, this study confirmed that miR-556-5p 
is the downstream miRNA of HULC. miR-556-5p has 
been discovered to regulate inflammatory processes of 
various diseases, such AS systemic lupus erythemato-
sus [45], allergic rhinitis [36], and atherosclerosis [37]. 
This paper determined that elevating miR-556-5p stim-
ulated chondrocyte proliferation, and blocked apop-
tosis and inflammation, while silencing miR-556-5p 

Fig. 5  YAP1 is a potential target gene of miR-556-5p. Binding sites of miR-556-5p and YAP1 predicted by starBase (A). Verification of the targeting 
relationship between miR-556-5p and YAP1 (B). RIP assay was carried out to identify the correlation between miR-556-5p and YAP1 (C). YAP1 
expression in AS cartilage tissues and chondrocytes (D, E). YAP1 expression in AS chondrocytes after the intervention of HULC expression (F). Values 
were expressed as mean ± standard deviation, P < 0.05
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had the opposite effect. It has been previously noted 
that YAP1 is involved in regulating tissue inflamma-
tion. Some reports have measured the upregulation of 
YAP1 in tumors, such as gastric cancer, colorectal can-
cer, and pancreatic cancer [46–48]. Subsequently, YAP1 
was predicted as the potential target of miR-556-5p, 
which is consistent with a previous report [49]. Func-
tional assays performed supported that YAP1 overex-
pression rescued the effects of silencing HULC on AS 
chondrocytes.

Conclusion
HULC is high-expressed in AS, which can mediate miR-
556-5p to target YAP1, thereby promoting inflamma-
tory responses in AS. HULC knockdown can inhibit the 
inflammatory response of AS and improve the patho-
logical injury of cartilage tissue. Therefore, HULC is of 
potential feasibility as a clinical therapeutic target for 
AS. Considering the limitation of the study, the sample 
size needs to be enlarged to confirm our conclusions and 
reduce conclusion bias.

Fig. 6  YAP1 overexpression counteracts silenced HULC-induced protection against AS. Successful co-transfection to alter YAP1 expression 
in AS chondrocytes (A). After transfection, measurements of IL-1β, IL-6 and TNF-α levels (B–D), proliferation (E), and apoptosis (F–G). Values are 
expressed as mean ± standard deviation. *P < 0.05 versus sh-HULC + pcDNA-NC



Page 10 of 11Yi et al. Journal of Orthopaedic Surgery and Research          (2023) 18:551 

Acknowledgements
Not applicable.

Author contributions
LLY designed the research study. CJS, YYL and DSL performed the research. 
TTX and XQG provided help and advice on the experiments. LLY, CJS and YCW 
analyzed the data. LLY and YCW wrote the manuscript. All authors contributed 
to editorial changes in the manuscript. All authors read and approved the final 
manuscript.

Funding
Not applicable.

Availability of data and materials
Data are available from the corresponding author on request.

Declarations

Ethical approval and consent to participate
All procedures performed in this study involving human participants were 
in accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. All subjects were approved by 
the Ganzhou People’s Hospital. Written informed consent was collected from 
all subjects.

Competing interests
The authors have no conflicts of interest to declare.

Author details
1 Department of Rheumatology, Ganzhou People’s Hospital, Ganzhou 
City 341000, Jiangxi Province, China. 2 Department of Emergency, Ganzhou 
People’s Hospital, Ganzhou City 341000, Jiangxi Province, China. 3 Department 
of Obstetrics, Ganzhou People’s Hospital, Ganzhou City 341000, Jiangxi Prov-
ince, China. 4 Department of Nephrology, Ganzhou People’s Hospital, No. 17, 
Hongqi Avenue, Zhanggong District, Ganzhou City 341000, Jiangxi Province, 
China. 

Received: 30 January 2023   Accepted: 11 July 2023

References
	1.	 Taurog JD, Chhabra A, Colbert RA. Ankylosing spondylitis and axial spon-

dyloarthritis. N Engl J Med. 2016;374(26):2563–74.
	2.	 Ranganathan V, et al. Pathogenesis of ankylosing spondylitis - recent 

advances and future directions. Nat Rev Rheumatol. 2017;13(6):359–67.
	3.	 Zhang C, et al. Differentially expressed mRNAs, lncRNAs, and miRNAs with 

associated co-expression and ceRNA networks in ankylosing spondylitis. 
Oncotarget. 2017;8(69):113543–57.

	4.	 Graham P. Ankylosing spondylitis. Orthop Nurs. 2023;42(2):128–31.
	5.	 Sciubba DM, et al. Perioperative challenges in the surgical management 

of ankylosing spondylitis. Neurosurg Focus. 2008;24(1):E10.
	6.	 Joaquim AF, et al. Spine surgery and ankylosing spondylitis: optimizing 

perioperative management. Clin Spine Surg. 2023;36(1):8–14.
	7.	 Kim Y, Park S, Kim HS. The effect of extra-articular manifestations on 

tumor necrosis factor-alpha inhibitor treatment duration in patients 
with ankylosing spondylitis: nationwide data from the Korean Col-
lege of Rheumatology BIOlogics (KOBIO) registry. Clin Rheumatol. 
2018;37(12):3275–84.

	8.	 Marsico F, Paolillo S, Filardi PP. NSAIDs and cardiovascular risk. J Cardio-
vasc Med (Hagerstown), 2017. 18 Suppl 1: Special Issue on The State of 
the Art for the Practicing Cardiologist: The 2016 Conoscere E Curare Il 
Cuore (CCC) Proceedings from the CLI Foundation, pp. e40-e43.

	9.	 Zhang Y, et al. Up-regulation of TbetaRIII facilitates the osteogenesis of 
supraspinous ligament-derived fibroblasts from patients with ankylos-
ing spondylitis. J Cell Mol Med. 2021;25(3):1613–23.

	10.	 Karkucak M, et al. Infliximab therapy provides beneficial effects for cho-
roidal thickness increase in patients with active ankylosing spondylitis: 
a possible mechanism mediating the suppressing of uveitis attacks. 
Arch Rheumatol. 2021;36(1):56–62.

	11.	 Lee JH, et al. Clinical characteristics and prognostic factors in 
ankylosing spondylitis associated uveitis. Ocul Immunol Inflamm. 
2019;27(1):64–9.

Fig. 7  HULC affects the pathological injury of spinal cartilage in AS mice. HULC, miR-556-5p, and YAP1 levels in spinal cartilage in AS mice (A). 
Safranin O staining and HE staining results (B, C). * P < 0.05 versus Normal; #P < 0.05 versus sh-NC; &P < 0.05 versus oe-NC



Page 11 of 11Yi et al. Journal of Orthopaedic Surgery and Research          (2023) 18:551 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	12.	 Rashid T, Ebringer A. Ankylosing spondylitis is linked to Klebsiella–the 
evidence. Clin Rheumatol. 2007;26(6):858–64.

	13.	 Song ZY, et al. Role of the microbiome and its metabolites in ankylos-
ing spondylitis. Front Immunol. 2022;13(1010572):13.

	14.	 Lou YJ, Jin J, Mai WY. Ankylosing spondylitis presenting with mac-
rophage activation syndrome. Clin Rheumatol. 2007;26(11):1929–30.

	15.	 DeLay ML, et al. HLA-B27 misfolding and the unfolded protein 
response augment interleukin-23 production and are associated with 
Th17 activation in transgenic rats. Arthritis Rheum. 2009;60(9):2633–43.

	16.	 Ciccia F, et al. Evidence that autophagy, but not the unfolded protein 
response, regulates the expression of IL-23 in the gut of patients with 
ankylosing spondylitis and subclinical gut inflammation. Ann Rheum 
Dis. 2014;73(8):1566–74.

	17.	 Kim TJ, et al. Prevalence of ossification of posterior longitudinal 
ligament in patients with ankylosing spondylitis. J Rheumatol. 
2007;34(12):2460–2.

	18.	 Braun J, et al. Use of immunohistologic and in situ hybridization tech-
niques in the examination of sacroiliac joint biopsy specimens from 
patients with ankylosing spondylitis. Arthritis Rheum. 1995;38(4):499–505.

	19.	 Ciccia F, et al. Interleukin-22 and interleukin-22-producing NKp44+ 
natural killer cells in subclinical gut inflammation in ankylosing spon-
dylitis. Arthritis Rheum. 2012;64(6):1869–78.

	20.	 Cao L, et al. Linc02349 promotes osteogenesis of human umbilical 
cord-derived stem cells by acting as a competing endogenous RNA for 
miR-25-3p and miR-33b-5p. Cell Prolif. 2020;53(5):e12814.

	21.	 Niu X, et al. lncRNA Oip5-as1 attenuates myocardial ischaemia/reperfu-
sion injury by sponging miR-29a to activate the SIRT1/AMPK/PGC1alpha 
pathway. Cell Prolif. 2020;53(6):e12818.

	22.	 Li Z, et al. Emerging roles of non-coding RNAs in scoliosis. Cell Prolif. 
2020;53(2):e12736.

	23.	 Li Z, et al. Long non-coding RNAs in nucleus pulposus cell function and 
intervertebral disc degeneration. Cell Prolif. 2018;51(5):e12483.

	24.	 Sun R, et al. Emerging roles of long non-coding RNAs in ankylosing spon-
dylitis. Front Immunol. 2022;13:790924.

	25.	 Gai X, Li L. Overexpression of long noncoding RNAs (lncRNA) NF-kappa-
beta-interacting long noncoding RNA (NKILA) in ankylosing spondylitis 
is correlated with transforming growth factor beta1 (TGF-beta1), active 
disease and predicts length of treatment. Med Sci Monit. 2019;25:4244–9.

	26.	 Zhang X, et al. H19 increases IL-17A/IL-23 releases via regulating VDR by 
interacting with miR675-5p/miR22-5p in ankylosing spondylitis. Mol Ther 
Nucleic Acids. 2020;19:393–404.

	27.	 Wei L, et al. LncRNA HOTTIP impacts the proliferation and differentia-
tion of fibroblast-like synoviocytes in ankylosing spondylitis through the 
microRNA-30b-3p/PGK1 axis. J Orthop Surg Res. 2023;18(1):237.

	28.	 Wang WT, et al. LncRNAs H19 and HULC, activated by oxidative stress, 
promote cell migration and invasion in cholangiocarcinoma through a 
ceRNA manner. J Hematol Oncol. 2016;9(1):117.

	29.	 Ma Y, et al. Long noncoding RNA highly upregulated in liver cancer 
regulates the tumor necrosis factor-alpha-induced apoptosis in human 
vascular endothelial cells. DNA Cell Biol. 2016;35(6):296–300.

	30.	 Salmena L, et al. A ceRNA hypothesis: the Rosetta stone of a hidden RNA 
language? Cell. 2011;146(3):353–8.

	31.	 Chen X, Song D. LPS promotes the progression of sepsis by activation 
of lncRNA HULC/miR-204-5p/TRPM7 network in HUVECs. Biosci Rep. 
2020;40(6):BSR20200740.

	32.	 Giordano L, et al. Therapeutic potential of microRNA in tendon injuries. Br 
Med Bull. 2020;133(1):79–94.

	33.	 Gargano G, et al. Small interfering RNAs in the management of human 
rheumatoid arthritis. Br Med Bull. 2022;142(1):34–43.

	34.	 Oliviero A, et al. MicroRNA in osteoarthritis: physiopathology, diagnosis 
and therapeutic challenge. Br Med Bull. 2019;130(1):137–47.

	35.	 Gargano G, et al. Small interfering RNAs in tendon homeostasis. Br Med 
Bull. 2021;138(1):58–67.

	36.	 Yu X, et al. Targeting a novel hsa_circ_0000520/miR-556-5p/NLRP3 
pathway-mediated cell pyroptosis and inflammation attenuates oval-
bumin (OVA)-induced allergic rhinitis (AR) in mice models. Inflamm Res. 
2021;70(6):719–29.

	37.	 Hu F, et al. CircDIP2C ameliorates oxidized low-density lipoprotein-
induced cell dysfunction by binding to miR-556-5p to induce 
TET2 in human umbilical vein endothelial cells. Vascul Pharmacol. 
2021;139:106887.

	38.	 Karystinou A, et al. Yes-associated protein (YAP) is a negative regula-
tor of chondrogenesis in mesenchymal stem cells. Arthritis Res Ther. 
2015;17:147.

	39.	 Xie W, et al. Yes-associated protein 1: role and treatment prospects in 
orthopedic degenerative diseases. Front Cell Dev Biol. 2020;8:573455.

	40.	 Panzitt K, et al. Characterization of HULC, a novel gene with striking up-
regulation in hepatocellular carcinoma, as noncoding RNA. Gastroenter-
ology. 2007;132(1):330–42.

	41.	 Matouk IJ, et al. Highly upregulated in liver cancer noncoding RNA is 
overexpressed in hepatic colorectal metastasis. Eur J Gastroenterol Hepa-
tol. 2009;21(6):688–92.

	42.	 Reuter S, et al. Oxidative stress, inflammation, and cancer: how are they 
linked? Free Radic Biol Med. 2010;49(11):1603–16.

	43.	 Zhang H, et al. Long noncoding RNA HULC promotes hepatocellular 
carcinoma progression. Aging (Albany NY). 2019;11(20):9111–27.

	44.	 Wang J, et al. CREB up-regulates long non-coding RNA, HULC expression 
through interaction with microRNA-372 in liver cancer. Nucleic Acids Res. 
2010;38(16):5366–83.

	45.	 Navarro-Quiroz E, et al. High-throughput sequencing reveals circulat-
ing miRNAs as potential biomarkers of kidney damage in patients with 
systemic lupus erythematosus. PLoS One. 2016;11(11):e0166202.

	46.	 Li Y, et al. GRK3 is a poor prognosticator and serves as a therapeutic 
target in advanced gastric adenocarcinoma. J Exp Clin Cancer Res. 
2022;41(1):257.

	47.	 Ling H, et al. CEP63 upregulates YAP1 to promote colorectal cancer 
progression through stabilizing RNA binding protein FXR1. Oncogene. 
2022;41(39):4433–45.

	48.	 Zhang H, et al. Circular RNA hsa_circ_0007367 promotes the progression 
of pancreatic ductal adenocarcinoma by sponging miR-6820-3p and 
upregulating YAP1 expression. Cell Death Dis. 2022;13(8):736.

	49.	 Zhou Y, et al. Circular RNA circRPPH1 promotes triple-negative breast 
cancer progression via the miR-556-5p/YAP1 axis. Am J Transl Res. 
2020;12(10):6220–34.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Down-regulation of long noncoding RNA HULC inhibits the inflammatory response in ankylosing spondylitis by reducing miR-556-5p-mediated YAP1 expression
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Research objects
	Chondrocyte isolation and culture
	Chondrocyte transfection
	RT-qPCR
	Western blot
	ELISA
	CCK-8

	Flow cytometry
	TUNEL staining
	Dual-luciferase reporter assay
	RNA immunoprecipitation (RIP) assay
	Animal model
	Grouping of experimental animals
	HE staining
	Safranin O staining
	Statistical analysis

	Results
	Forced expression of HULC in AS cartilage tissues and chondrocytes
	Silencing of HULC promotes chondrocyte proliferation and reduces apoptosis and inflammation in AS
	miR-556-5p is a downstream factor of HULC
	Induction of miR-556-5p protects chondrocytes from AS-induced damages
	YAP1 is a potential target gene of miR-556-5p
	YAP1 overexpression counteracts silenced HULC-induced protection against AS
	HULC affects the pathological injury of spinal cartilage in AS mice

	Discussion
	Conclusion
	Acknowledgements
	References


