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Abstract. The present study aimed to investigate the expres-
sion and significance of the mRNA of genes associated with 
autophagy and long non‑coding RNA (lncRNA) GAS5 in 
peripheral blood mononuclear cells (PBMCs) of patients 
with ankylosing spondylitis (AS). The mRNA levels of 
microtubule‑associated protein light chain 3 (LC3), Beclin1, 
autophagy‑related gene (ATG)3, ATG5, ATG12, ATG 16 ligand 
1 (ATG16L1) and lncRNA growth arrest‑specific 5 (GAS5) in 
PBMCs from 60 patients with AS and 30 healthy controls (HC) 
were examined by reverse transcription‑quantitative PCR. The 
correlations between the levels of LC3, Beclin1, ATG3, ATG5, 
ATG12 and ATG16L1 mRNA as well as lncRNA GAS5 levels 
with disease activity and laboratory parameters in patients 
with AS were determined by Spearman correlation analysis. 
In addition, the diagnostic value of lncRNA GAS5 for AS was 
explored through establishing a receiver operating character-
istic (ROC) curve. The results indicated that, compared to the 
HCs, patients with AS had lower expression levels of LC3, 
ATG5, ATG12, ATG16L1 and lncRNA GAS5 in their PBMCs. 
Compared with those in patients with inactive AS, the levels of 
ATG5 and ATG12 were lower than those in patients with active 
AS. Of note, ATG5 and ATG12 mRNA levels were negatively 
correlated with disease activity indexes. lncRNA GAS5 was 
positively correlated with the expression of Beclin1, ATG3, 

ATG5, ATG12 and ATG16L1. The area under the ROC curve 
for the use of lncRNA GAS5 expression to diagnose AS was 
0.808 with a 95% CI of 0.714‑0.902. In conclusion, patients 
with AS had decreased expression of genes associated with 
autophagy and lncRNA GAS5. The extent of the reduction in 
ATG5 and ATG12 expression levels in patients with AS was 
correlated with the disease severity and activity. Furthermore, 
lncRNA GAS5 was a diagnostic indicator of AS.

Introduction

Ankylosing spondylitis (AS) is a chronic immune‑mediated 
type of inflammatory arthritis, mainly invading the axial 
skeleton, frequently accompanied by extra‑articular mani-
festations. In severe cases, spinal deformity and ankylosis 
may occur. AS has a prevalence of 0.03‑0.09% and the risk 
of mortality and cardiovascular events, including vascular 
death, is increased in patients with AS (1). The aetiology and 
pathogenesis of AS have remained to be fully elucidated. 
Epidemiological investigations have indicated that genetic 
and environmental factors have a role in the pathogenesis of 
this disease. The human leukocyte antigen B27 (HLA‑B27) 
is known to have a strong association with AS and a distinct 
tendency of family aggregation (2). In addition, several 
inflammatory pathways appear to have a relevant role in the 
pathogenesis of AS, including NF‑κB and the IL‑17/IL‑23 
pathway (3).

Autophagy is an important mechanism in which cells 
digest their components through lysosomes/vacuoles to 
maintain normal physiological activity and homeostasis. It 
is highly conserved from yeast to mammals. In addition to 
regulating cell homeostasis, autophagy also has an important 
role in various diseases, including cancer, neurodegeneration, 
cardiomyopathy and diabetes (4). Autophagy, the process 
by which cells degrade intracellular components, may 
be categorized into three major types: Macroautophagy, 
microautophagy and chaperone mediated autophagy (5). 
Macroautophagy is the major form of autophagy and has 
been studied most commonly; it relies on the formation of the 
double‑membrane‑bound phagophore and autophagosome. 
The formation of macroautophagy (hereafter referred to as 
‘autophagy’) is divided into three stages, including the forma-
tion of pre‑autophagosomes (also called isolation membranes), 
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the formation of autophagosomes and the maturation of 
autophagy (6). Each step is regulated by different genes asso-
ciated with autophagy. The core autophagy proteins, which 
are required for autophagosome formation, are divided into 
different functional subgroups: i) The autophagy‑related gene 
(ATG)1/ULK complex; ii) ATG9 and its cycling system; iii) the 
PtdIns 3‑kinase complex; and iv) two ubiquitin‑like conjuga-
tion systems: The ATG12 [ATG5, ATG7, ATG10, ATG12 and 
ATG16 ligand 1 (ATG16L1)] and ATG8 (ATG3, ATG4, ATG7 
and ATG8) conjugation systems (5). In addition to the interac-
tion of autophagy proteins, long non‑coding RNAs (lncRNAs) 
are also involved in the regulation of autophagy (7), including 
lncRNA autophagy‑promoting factor (8), lncRNA gallbladder 
cancer drug resistance‑associated lncRNA 1 (9) and lncRNA 
growth arrest‑specific 5 (GAS5) (10).

Autophagy has recently been indicated to be involved 
in the regulation of immunity and inflammation. Therefore, 
the association between autophagy and rheumatic diseases 
characterized by immune system dysfunction has gained 
increasing attention from researchers. It has been confirmed 
that autophagy is involved in the progression of various rheu-
matic diseases, including systemic lupus erythematosus (SLE), 
rheumatoid arthritis (RA), osteoarthritis (OA) and systemic 
sclerosis (11). Furthermore, studies have indicated that 
autophagy may be involved in the pathogenesis of AS (12‑14).

Autophagy regulation is associated with a variety of 
autophagy genes and lncRNA. Microtubule‑associated protein 
light chain 3 (LC3) is an important gene that regulates autophagy 
and has been widely used as an autophagosomal marker (15). 
Beclin1 is important for the recruitment of autophagy 
proteins to the pre‑autophagosome structure and together 
with vacuolar protein sorting‑34 (Vps34), Vps15 and ATG14 
form the Beclin1‑Vps34‑Vps15‑ATG14 complex, it triggers 
vesicle nucleation (16). ATG3 and ATG12‑ATG5‑ATG16L1 
complexes are involved in the expansion and closure of 
autophagosome membranes as E2 and E3 enzymes in the 
ATG8 lipidation cascade, respectively (17). It was previously 
indicated that lncRNA GAS5 is involved in the pathogenesis 
of immune‑associated diseases (18). In the present study, the 
expression of LC3, Beclin1, ATG3, ATG5, ATG12, ATG16L1 
and lncRNA GAS5 in peripheral blood mononuclear cells 
(PBMCs) from patients with AS and healthy control (HC) 
subjects was examined, and it was assessed whether the 
expression of genes associated with autophagy is correlated 
with clinical parameters and inflammatory cytokines in 
patients with AS to explore the role and clinical significance 
of autophagy in the development of AS.

Materials and methods

Patients and sample collection. Between January 2018 
and January 2019, 60 patients with AS were enrolled from 
the outpatient department and inpatient department of 
Rheumatology and Immunology of the Affiliated Hospital 
of North Sichuan Medical College (Nanchong, China). All 
patients with AS enrolled in this study fulfilled the 1984 modi-
fied New York criteria for AS (19). All patients completed a 
questionnaire, which was used to define the age, sex, and 
disease severity indexes, including the Bath AS Disease 
Activity Index (BASDAI) and the Bath AS Functional Index 

(BASFI) (20). Laboratory parameters, including the erythro-
cyte sedimentation rate (ESR) and hypersensitive C‑reactive 
protein (hsCRP), were also recorded. The BASDAI, ESR and 
hsCRP were used to evaluate disease activity and the normal 
reference range in the peripheral blood was as follows: ESR, 
0‑22 mm/1 h; and hsCRP, 0‑9 mg/l. The 60 patients were 
divided into an active disease group (n=30; BASDAI ≥6, 
or 6>BASDAI>4 and ESR>22 mm/1 h, or 6>BASDAI>4 
and hsCRP>9 mg/l) and an inactive disease group (n=30; 
BASDAI≤4). Control blood samples were obtained from 30 
age‑ and sex‑matched healthy subjects who are healthy exam-
inees at the Medical Examination Center of the Affiliated 
Hospital of North Sichuan Medical College between January 
2018 and January 2019 without any evidence of disease. 
The present study was approved by the ethics committee of 
the Affiliated Hospital of North Sichuan Medical College 
(Nanchong, China) and written informed consent was 
obtained from all of the study subjects enrolled.

RNA extraction and reverse transcription‑quantitative PCR 
(RT‑qPCR). The PBMCs were isolated from the blood samples 
of 30 patients with active AS (AAS) and 30 patients with inac-
tive AS (IAS) and 30 HCs by Ficoll‑Hypaque density gradient 
centrifugation. Total RNA was extracted from PBMCs using 
TRIzol® reagent (Invitrogen; Thermo Fisher Scientific, Inc.). 
RT was performed using a PrimeScript RT reagent with gDNA 
Eraser kit (Takara Bio, Inc.). The synthesized complementary 
(c)DNA was cryopreserved at ‑80˚C until qPCR was performed. 
The expression of LC3, Beclin1, ATG5, ATG12, ATG16L1 and 
lncRNA GAS5 was measured by real‑time qPCR using the 
Applied Biosystems QuantStudio™ 12K Flex Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.). 
The reaction mixture contained SYBR Green real‑time PCR 
master mix (Takara Bio, Inc.) (5.2 µl), forward and reverse 
primers (0.1 µl each), cDNA sample (1 µl) and double‑distilled 
H2O (3.6 µl). The thermocycling conditions were as follows: 
95˚C for 10 min, followed by 40 cycles of denaturation at 
95˚C for 10 sec and annealing/extension at 60˚C for 1 min. All 
reactions were performed in triplicate. The housekeeping gene 
β‑actin was used as an internal control. The following primer 
pairs were used for the qPCR: LC3 forward (F), 5'‑AAC ATG 
AGC GAG TTG GTC AAG‑3' and reverse (R), 5'‑GCT CGT 
AGA TGT CCG CGA T‑3'; Beclin‑1 F, 5'‑ACC TCA GCC GAA 
GAC TGA AG‑3' and R, 5'‑AAC AGC GTT TGT AGT TCT GAC 
A‑3'; ATG3 F, 5'‑GAT GGC GGA TGG GTA GAT ACA‑3' and R, 
5'‑TCT TCA CAT AGT GCT GAG CAA TC‑3'; ATG5 F, 5'‑CAC 
TTT GTC AGT TAC CAA CGT CA‑3' and R, 5'‑TAG AGC GAA 
CAC GAA CCA TCC‑3'; ATG12 F, 5'‑TAG AGC GAA CAC GAA 
CCA TCC‑3' and R, 5'‑CAC TGC CAA AAC ACT CAT AGA 
GA‑3'; ATG16L1 F, 5'‑TAG AGC GAA CAC GAA CCA TCC‑3' 
and R, 5'‑CCT TTC TGG GTT TAA GTC CAG G‑3'; GAS5 F, 
5'‑AGC AAG CCT AAC TCA AGC CAT TGG‑3' and R, 5'‑ACA 
GTG TAG TCA AGC CGA CTC TCC‑3' and β‑actin F, 5'‑GAG 
CTA CGA GCT GCC TGA CG‑3' and R, 5'‑GTA GTT TCG TGG 
ATG CCA CAG‑3'. Relative quantification with the 2-ΔΔCq 
method (21) was used to evaluate the expression of target genes.

Statistical analysis. Statistical analysis was performed 
using SPSS 22.0 statistical analysis software (IBM Corp.). 
Quantitative data approximating a normal distribution are 
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expressed as the mean ± standard deviation. Statistical analysis 
of demographics, clinical and laboratory indicators were 
compared using independent samples t‑test, Mann‑Whitney 
U test and one‑way ANOVA followed by the LSD post hoc test. 
Correlations were calculated using Spearman's rank correla-
tion test. A receiver operating characteristic (ROC) curve was 
drawn and the area under the ROC curve (AUC) was deter-
mined to estimate the diagnostic value of lncRNA GAS5 for 
AS. P<0.05 was considered to indicate statistical significance.

Results

Baseline characteristics. Table I presents the demographic and 
clinical characteristics of the 30 patients with AAS, 30 patients 
with IAS and 30 HCs in the present study. Patients with AS 
and HCs were matched in terms of age and sex. There were 
significant differences in the BASDAI and BASFI between the 
AAS group and the IAS group.

mRNA levels of genes associated with autophagy and lncRNA 
GAS5 in patients with AS and in HCs. The mRNA levels of 
LC3, Beclin1, ATG3, ATG5, ATG12, ATG16L1 and the levels 
of lncRNA GAS5 in PBMCs were detected in all samples by 
RT‑qPCR. As presented in Fig. 1A, the expression levels of 
LC3, ATG5, ATG12, ATG16L1 and lncRNA GAS5 in PBMCs 
were significantly decreased in the AS compared with the 
HC group (P<0.05 for each; Fig. 1A). The expression levels 
of Beclin1 and ATG3 mRNA in PBMCs was not significantly 
different between the two groups (P>0.05 for each; Fig. 1A). 
Compared with those in the IAS group, the expression levels 
of ATG5 and ATG12 mRNA were significantly decreased in 
the AAS group (P<0.05 for each; Fig. 1B). Although no statis-
tical significance was obtained, the expression levels of LC3, 
Beclin1, ATG3, ATG16L1 and lncRNA GAS5 in patients with 
AAS were lower than those in patients with IAS (P>0.05 for 
each; Fig. 1B).

Positive rate of genes associated with autophagy and lncRNA 
GAS5 in patients with AAS and IAS. The positive rate refers 
to the proportion of gene expression of patients with AS in the 

active and inactive groups that increased or decreased relative 
to the gene expression levels of the HC group (based on the 
mean of HC). Compared with that in the HC group, the posi-
tive rate of LC3 was 80.0% in the AAS group and 73.3% in the 
IAS group. The positive rate of ATG3 was 76.7% in the IAS 
group. The positive rate of ATG5 was 100% in the AAS group 
and 66.7% in the IAS group. The positive rate of ATG12 was 
100% in the AAS and 80.0% in the IAS group. The positive 
rate of ATG16L1 was 86.7% in the AAS group. The positive 
rate of lncRNA GAS5 was 96.7% in the AAS and 76.7% in the 
IAS group (Table II).

Correlation of gene expression with disease activity as well as 
laboratory indexes in patients with AS. Correlations between 
detected gene expression levels and clinical parameters 
reflecting disease activity of AS are presented in Table III. 
The mRNA expression levels of ATG3, ATG5 and ATG12 
exhibited significant negative correlations with the BASDAI 
(R=‑0.336, P<0.01 for ATG3; R=‑0.359, P<0.01 for ATG5 and 
R=‑0.294, P<0.05 for ATG12). The mRNA expression levels 
of ATG3 were significantly negatively correlated with the 
BASFI (R=‑0.360, P<0.01). The mRNA expression levels of 
ATG3, ATG5, ATG12 and lncRNA GAS5 exhibited signifi-
cant negative correlations with the ESR (R=‑0.357, P<0.01 
for ATG3; R=‑0.393, P<0.01 for ATG5; R=‑0.313, P<0.05 for 
ATG12 and R=‑0.424, P<0.01 for lncRNA GAS5). The mRNA 
expression levels of ATG5 and ATG12 were significantly 
negatively correlated with hsCRP (R=‑0.328, P<0.05 for 
ATG5; R=‑0.258, P<0.05 for ATG12). The mRNA expression 
levels of ATG16L1 was significantly negatively correlated with 
leukocytes (R=‑0.310, P<0.05). However, the mRNA expres-
sion levels of LC3 and Beclin1 were not correlated with any 
clinical parameters of patients with AS.

Correlations between lncRNA GAS5 and mRNA levels of 
genes associated with autophagy. Increasing evidence has 
indicated that lncRNAs are able to regulate autophagy through 
various mechanisms (7). To assess the potential associations 
of the levels of lncRNA GAS5 with the mRNA levels of genes 
associated with autophagy in patients with AS, the correlations 

Table I. Clinical characteristics of patients with AS and HCs.

Characteristics AS (n=60) AAS (n=30) IAS (n=30) HC (n=30)

Age (years) 37.1±9.74   37.67±10.01 32.67±7.05 36.53±9.59
Sex (male/female) 48/12 26/4 22/8 23/7
Disease duration (months) 93.17±72.61 108.37±74.60   77.96±68.43 ‑
Positive HLA‑B27 55 (91.7) 27 (90) 28 (93.3) ‑
BASDAI 3.98±1.94    5.58±0.94a    2.38±1.20 ‑
BASFI 2.44±2.45    3.95±2.50a    0.93±1.12 ‑
Anti‑TNF inhibitor 3 (5.0%) 0 (0.0%) 3 (10.0%) ‑
NSAIDs  15 (25.0%)   8 (26.7%) 7 (23.3%) ‑
DMARDs 18 (20.0%)   9 (30.0%) 9 (30.0%) ‑

aP<0.05 compared with IAS. Values are expressed as the mean ± standard deviation or n (%). AAS, active ankylosing spondylitis; IAS, inac-
tive ankylosing spondylitis; HC, healthy controls; BASDAI, Bath AS Disease Activity Index; BASFI, Bath AS Functional Index; NSAIDs, 
non‑steroidal anti‑inflammatory drugs; HLA, human leukocyte antigen; DMARDs, disease‑modifying antirheumatic drugs.
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Figure 1. (A) Relative expression of genes associated with autophagy and lncRNA GAS5 in PBMCs of patients with AS (n=60) as compared with HCs 
(n=30). (B) Expression levels of genes associated with autophagy and lncRNA GAS5 mRNA in PBMCs of patients with AAS (n=30), IAS (n=30) and HCs 
(n=30) were compared. P<0.05 was considered to indicate statistical significance. AAS, active ankylosing spondylitis; IAS, inactive AS; HC, healthy control; 
ATG16L1, autophagy‑related gene 16 ligand 1; LC3, microtubule‑associated protein 1 light chain 3; lncRNA, long non‑coding RNA; PBMCs, peripheral blood 
mononuclear cells; GAS5, growth arrest‑specific 5.
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between lncRNA GAS5 and LC3, Beclin1, ATG3, ATG5, 
ATG12 and ATG16L1 were analysed (Fig. 2). The results 
indicated that the levels of lncRNA GAS5 were positively 
correlated with the levels of Beclin1 (R=0.454, P<0.001; 
Fig. 2A), ATG3 (R=0.322, P=0.012; Fig. 2B), ATG5 (R=0.500, 
P<0.001; Fig. 2C), ATG12 (R=0.317, P=0.014; Fig. 2D) and 
ATG16L1 (R=0.279, P=0.031; Fig. 2E), respectively. However, 
no significant correlation was observed between lncRNA GAS5 
and LC3 in patients with AS (R=0.043, P=0.741; Fig. 2F).

Downregulation of lncRNA GAS5 has diagnostic value for AS. 
An ROC curve was established to determine the diagnostic 
value of lncRNA GAS5 in PBMCs for AS (Fig. 3). The AUC 
of the ROC for the use of lncRNA GAS5 to diagnose AS was 
0.808 with a 95% CI of 0.714‑0.902 and cut‑off value of 0.729 
(P<0.0001).

Discussion

There is a growing body of evidence suggesting that autophagy 
is involved in the pathogenesis of AS (12‑14). To the best of 
our knowledge, the present study was the first to determine 
the expression levels of genes associated with autophagy in 
different disease activity stages of AS. The key findings of the 
present study are that ATG5 and ATG12 may serve as novel 
biomarkers of AS activity and that lncRNA GAS5 is likely 
involved in the pathogenesis of AS.

In a previous study, Neerinckx et al (12) indicated that 
the expression levels of ATG16L1 were lower in PBMCs of 
patients with AS than in healthy controls, whereas ATG5 
expression was not significantly different between the two 
groups. Furthermore, Park et al (13) and Wang et al (14) deter-
mined that the expression levels of LC3, Beclin1 and ATG5 
mRNA were significantly decreased in PBMCs of patients 
with AS. In the present study, a decrease in the expression 
levels of LC3, ATG5, ATG12 and ATG16L1 was observed 
in patients with AS, whereas the expression levels of Beclin1 
and ATG3 were not statistically different between the patients 
with AS and HCs. The results of the present study are not 
completely consistent with the results of Neerinckx et al (12), 
which may be due to differences in populations. Of note, 
the results for ATG5 in the present study are consistent with 
the results of Park et al (13) and Wang et al (14), and all of 
these studies were performed on Asian populations, while the 
subjects of Neerinckx et al (12) were of Caucasian ethnicity. 
Furthermore, the expression of Beclin1 in the present study 
was different from that of Park et al (13). The reason for the 

inconsistent results may be that although the subjects of the 
present study were randomly selected, the proportion of AAS 
and IAS patients is equal, which may lead to selection bias. 
Different from these previous studies, staging of different 
disease activities in patients with AS was performed in the 
present study and the expression levels of genes associated 
with autophagy were compared between the active and inac-
tive phases. In the present study, the expression levels of ATG5 
and ATG12 were significantly lower in patients with AAS 
than those in patients with IAS. Although no statistical signifi-
cance was obtained, the expression levels of Beclin1, ATG3 
and ATG16L1 in patients with AAS were lower than those in 
patients with IAS. Therefore, the present data indicated that 
the level of autophagy in patients with AS was negatively 
correlated with the severity and activity of the disease. In 
addition to AS, autophagy dysfunction was also observed in 
Crohn's disease (22) and Psoriasis (23) as extra‑articular mani-
festations of AS, and other rheumatic immune diseases such 
as SLE (24). These results are consistent with the notion that 
defective autophagy may cause inflammation and induce or 
exacerbate autoimmune disease (25), and further support the 
results of autophagy dysfunction in AS obtained in the present 
study.

Autophagy is an important mechanism by which cells 
decompose cell components through lysosomes or vacuoles to 
maintain normal physiological activity and homeostasis of the 
body (5,6). The formation of autophagy is a dynamic process, 
which may be roughly divided into the following stages: 
Initiation, nucleation, elongation, fusion and degradation (26). 
This process is regulated by a unique set of autophagy genes. 
Loss or abnormal expression of core autophagy genes at various 
stages of autophagy leads to dysfunctional autophagy, which 
leads to a variety of diseases. Beclin1 is mainly involved in the 
initiation stage of autophagy and is an important gene facili-
tating initiate autophagy. The Atg12‑Atg5‑Atg16L1 complex 
is essential for the formation of autophagosomes and contrib-
utes to the expansion of the phagophore. ATG3 is involved 
in the lipidation of LC3 as an E2 enzyme. Furthermore, the 
ATG12‑ATG3 complex has an important role in the basic 
autophagy flux, endosome function and endolysosomal 
transport in the late nuclear period (27). A study suggested 
that neonatal lethality occurred in mice with gene knockout 
of ATGs involved in the conjugation system (ATG3‑/‑, ATG5‑/‑, 
ATG12‑/‑ and ATG16L1‑/‑) and Beclin1‑/‑ mice died of E8.5 (28). 
LC3‑II is located in the outer and inner membranes of autopha-
gosomes and the amount of LC3‑II is also widely used for the 
quantification of autophagic activity (15). In the present study, 

Table II. Rate of positive expression of genes associated with autophagy and lncRNA GAS5 in patients with AAS and IAS (%).

Group  LC3 ATG5 ATG12 ATG16L1 lncRNA GAS5

AAS 83.3 100.0 100.0 86.7 96.7
IAS 80.0   66.7   80.0 ‑ 90

AAS, active ankylosing spondylitis; IAS, inactive ankylosing spondylitis; ATG16L1, autophagy‑related gene 16 ligand 1; LC3, microtu-
bule‑associated protein 1 light chain 3; lncRNA, long non‑coding RNA; GAS5, growth arrest‑specific 5; ‑, the positive rate was not calculated 
because there was no significant difference in gene expression in the AAS or IAS group compared with the HC group.
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no significant changes in Beclin1 expression in PBMCs from 
patients with AS were observed, indicating that autophagy 
initiation may not be impaired. However, the expression of 
LC3, ATG5, ATG12 and ATG16L1 mRNA in PBMCs of 
patients with AS was downregulated. These results suggest 
that there may be certain possible factors in PBMCs of patients 
with AS: Obstruction of double‑membrane autophagosomes, 
decreased autophagy activity, and impaired accumulation and 
endolysosomal transport in the late nuclear weeks.

The detailed mechanism of autophagy dysfunction in 
AS remains to be fully elucidated. It may be speculated that 
autophagy deficiency is involved in the pathogenesis and 
disease activity of AS through crosstalk with immune inflam-
mation and endoplasmic reticulum (ER) stress.

It is well known that inhibition of autophagy may lead 
to increased inflammasome activation (29). In addition to 
directly promoting the formation of inflammatory bodies and 
eventually leading to the secretion of inflammatory cytokines, 
including IL‑1β and IL‑18, defective autophagy may also 
indirectly promote the secretion of IL‑23 and IL‑17 (30). In 
addition to promoting inflammation, autophagic dysfunction 
also promotes ER stress in the pathogenesis of AS. Impaired 
autophagy was observed in colitis and neurodegenerative 
diseases with active ER stress (31,32). ATG16L1T300A, causing 
impaired autophagy, leads to increased ER stress in Paneth 
cells (33). Suppression of ATG7 resulted in elevated ER 
stress and restoration of the expression of ATG7 resulted in 
dampened ER stress in obesity (34). Therefore, autophagy 
dysfunction may also promote ER stress. It may therefore 
be speculated that defective autophagy and ER stress may 
synergistically promote AS development.

Although no consensus for the use of genes associated with 
autophagy as diagnostic markers for disease has been reached, 
it has been indicated that overexpression or low expression of 
certain autophagy genes may be used as biomarkers for the 
diagnosis and prognosis of certain diseases (35). The BASDAI 
has been widely used to asses AS activity and the levels of CRP 
and ESR are also used to reflect inflammation in patients with 
AS. In the present study, the expression of ATG5 and ATG12 
exhibited a negative correlation with BASDI, ESR and CRP. In 
addition, the present study determined that ATG5 and ATG12 
were downregulated in patients with AAS, as compared with 
those in patients with IAS. The expression levels of ATG5 
and ATG12 in PBMCs of patients with AS were negatively 
correlated with the severity and activity of the disease, and 
downregulation of ATG5 and ATG12 may be used as an indi-
cator of the activity of AS.

LncRNA GAS5 may be involved in the development 
of autoimmune diseases by regulating the proliferation 
and activity of immune cells and participating in immune 
responses. Previous studies have indicated that lncRNA 
GAS5 is abnormally expressed in various immune‑associated 
diseases, including RA, SLE and multiple sclerosis (18). In the 
present study, lncRNA GAS5 was downregulated in patients 
with AS compared with that in HCs. It was therefore indicated 
that lncRNA GAS5 may be a suppressor for AS. In addition, 
studies have found that the expression of lncRNA GAS5 is 
reduced in most tumour types (36), including prostate cancer, 
renal cell carcinoma, ovarian cancer, cervical cancer and 
osteosarcoma. Of note, the occurrence of tumours is associated 
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with the immune inflammatory microenvironment, mainly 
manifested as chronic inflammation (37). Therefore, it further 
supports that lncRNA GAS5 may be involved in the regulation 
of the pathogenesis of diseases related to immune dysfunction. 
However, the detailed role and mechanism of lncRNA GAS5 
still needs to be further clarified. Evidence has indicated that 
lncRNA GAS5 promoted autophagy through interactions 
with the PI3K/AKT/mTOR pathway (10,38). Knockdown of 
lncRNA GAS5 significantly increased the expression of mTOR 
and suppressed the expression of ATGs (38). The present study 
suggested that lncRNA GAS5 was downregulated in PBMCs 
of patients with AS and was positively correlated with the 
expression of Beclin1, ATG3, ATG5, ATG12 and ATG16. 
Thus, these data strongly supported the present hypothesis 

that lncRNA GAS5 participates in the pathogenesis of AS 
by regulating autophagy. The precise regulatory mechanism 
of lncRNA GAS5 in autophagy modulation and its detailed 
roles in AS still requires further elucidation. The present study 
preliminarily proved the correlation between lncRNA GAS5 
and autophagy genes. In future studies, loss‑ and gain‑of‑ 
function studies on lncRNA GAS5 will be performed through 
gene transfection and other techniques to observe the resulting 
changes of expression levels of autophagy genes or proteins.

Early diagnosis is key for curing AS. Most patients with 
AS have a long‑term delay in diagnosis (39). Of note, there 
is currently no gold standard for diagnosis, and thus, it is 
important to identify diagnostic markers for AS. Although 
HLA‑B27 is closely associated with the pathogenesis of AS 
and the HLA‑B27‑positive rate of patients with AS reaches 
85‑90% (40), the expression of HLA‑B27 may not necessarily 
be positive in all patients with AS and may also be negative. 
Therefore, it is necessary to further study biomarkers for AS. 
The present study indicated that the occurrence and develop-
ment of AS are associated with changes in multiple lncRNA 
expression patterns, and certain lncRNAs may become poten-
tial biomarkers for the diagnosis of AS (41). LncRNA GAS5 
is involved in the occurrence and development of various 
diseases by regulating various physiological processes, 
including the cell cycle, growth and apoptosis. Studies have 
indicated that lncRNA GAS5 is involved in the development 
of atherosclerosis and associated diseases. Low expression of 
lncRNA GAS5 may be used as a promising biomarker for the 
diagnosis of coronary artery disease (42). In the present study, 
the expression levels of lncRNA GAS5 in patients with AS 
were significantly lower than those of HC, but there was no 
significant difference between AAS and IAS. Furthermore, the 
ROC curve analysis indicated that downregulation of lncRNA 

Figure 3. ROC curve for analyzing the diagnostic value of lncRNA GAS5 
for ankylosing spondylitis. ROC, receiver operating characteristic; lncRNA, 
long non‑coding RNA; GAS5, growth arrest‑specific 5.

Figure 2. Correlations between lncRNA GAS5 levels and the mRNA levels of genes associated with autophagy in the PBMCs of patients with AS. (A‑E) The 
expression levels of lncRNA GAS5 mRNA were positively correlated with (A) Beclin1, (B) ATG3, (C) ATG5, (D) ATG12 and (E) ATG16, but (F) there was 
no significant correlation with LC3. The correlations were evaluated with Spearman's non‑parametric test. P<0.05 was considered to indicate a significant 
difference. ATG16L1, autophagy‑related gene 16 ligand 1; LC3, microtubule‑associated protein 1 light chain 3; lncRNA, long non‑coding RNA; GAS5, growth 
arrest‑specific 5.
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GAS5 in PBMCs may be used to effectively distinguish 
patients with AS from healthy individuals. Therefore, lncRNA 
GAS5 may be an independent diagnostic indicator for AS.

Most diagnostic indicators available are elevated, but a small 
number of diagnostic indicators are reduced. The decrease of 
an index in a disease may lead to the occurrence of the disease 
due to the lack of the index. For instance, studies have indicated 
that the downregulation of lncRNA‑D16366 is a biomarker 
for the diagnosis of hepatocellular carcinoma (43) and the 
downregulation of lncRNA activated by TGF‑β in serum is a 
reliable diagnostic marker for OA (44). In the present study, the 
diagnostic value of LncRNA GAS5 was determined by ROC 
curve analysis. ROC analysis is a method that reflects the sensi-
tivity and specificity of diagnostic indicators for a disease, with 
sensitivity% displayed on the ordinate and (100%‑specificity%) 
on the abscissa. The AUC indicates the diagnostic efficacy of 
the indicator. The value of the AUC ranges from 1.0 to 0.5, 
with a value closer to 1 indicating better diagnostic efficacy. 
The results obtained in the present ROC curve analysis is only 
preliminary. Future studies will further verify the diagnostic 
efficacy by expanding the sample size, functional experiments 
and disease controls such as increasing sample size of the rheu-
matoid arthritis group and osteoarthritis group.

In conclusion, autophagy genes and lncRNA GAS5 were 
downregulated in AS and the level of autophagy in patients 
with AS was negatively correlated with the severity and activity 
of the disease. Furthermore, ATG5 and ATG12 may serve as 
novel biomarkers of AS activity. LncRNA GAS5 may be an 
independent diagnostic indicator of AS. These results suggest 
that autophagy deficiency and the downregulation of lncRNA 
GAS5 may be associated with the pathogenesis of AS. The 
downregulated autophagy genes and lncRNA GAS5 may be 
of potential use for the clinical diagnosis and treatment of AS.
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