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Abstract
Growth arrest-specific 5 (GAS5) is a kind of long non-coding RNAs (lncRNAs). 
Previous studies showed that down-regulation of LncRNA-GAS5 was involved in 
the development of systemic lupus erythematosus (SLE). However, the regulatory 
mechanism of down-expressed LncRNA-GAS5 in SLE remains obscure. In this study, 
we aimed to investigate the association of LncRNA-GAS5 polymorphism with SLE 
risk. And further explore how LncRNA-GAS5 is involved in the occurrence of SLE. 
Here, we evaluated the relationship between the risk for the development of SLE 
and the 5-base pair (AGGCA/-) insertion/deletion (I/D) polymorphism (rs145204276) 
in the LncRNA-GAS5 promoter region. A custom 36-Plex SNPscan kit was used for 
genotyping the LncRNA-GAS5 polymorphisms. The LncRNA-GAS5 and miR-21 tar-
get prediction was performed using bioinformatics software. Enzyme-linked immu-
nosorbent assay (ELISA) and quantitative real-time PCR (qRT-PCR) were performed 
to assess GAS5 and miR-21 mRNA expression and PTEN protein expression. The 
results revealed that rs145204276 resulted in a decreased risk of SLE (DD genotypes 
vs II genotypes: adjusted OR = 0.538, 95% CI, 0.30-0.97, P = .039; ID genotypes vs 
II genotypes: adjusted OR = 0.641, 95% CI, 0.46-0.89, P =  .007; ID/DD genotypes 
vs II genotypes: adjusted OR = 0.621, 95% CI, 0.46-0.84, P = .002; D alleles vs I al-
leles: adjusted OR = 0.680, 95% CI, 0.53-0.87, P = .002). A reduced incidence of renal 
disorders in SLE was found to be related to ID/DD genotypes and D alleles (ID/DD 
genotypes vs II genotypes: OR = 0.57, 95% CI, 0.36-0.92, P = .020; D alleles vs I al-
leles: OR = 0.63, 95% CI, 0.43-0.93, P = .019). However, no significant association of 
rs2235095, rs6790, rs2067079 and rs1951625 polymorphisms with SLE risk was ob-
served (P > .05). Additionally, haplotype analysis showed that a decreased SLE risk re-
sulted from the A-A-C-G-D haplotype (OR = 0.67, 95% CI, 0.49-0.91, P = .010). Also, 
patients in the SLE group showed a down-regulated expression of LncRNA-GAS5 
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1  | INTRODUC TION

Systemic lupus erythematosus (SLE) is a chronic autoimmune dis-
order that may damage multiple tissue/organs by generating auto-
antibodies and immune complexes.1,2 It is a heterogeneous disease 
with diverse clinical characteristics.3 Most SLE patients exhibit a 
range of symptoms, including malar rash, nephritis, arthritis and 
neurologic disorders, which significantly reduce the quality of 
life.4,5 Previous studies have shown that the development of SLE 
results from an imbalanced immune system, including aberrant ex-
cretion of cytokines, along with the modified immune cellular re-
sponses.6-10 The pathogenesis of SLE involves disorders related to 
genetics, immunity, environment and hormones; however, the pre-
cise mechanism of pathogenesis is unclear.2 Thus, Understanding 
the pathways of development of SLE would help in the identifica-
tion of novel therapies.

LncRNAs are non-protein coding transcripts that are  >  200 
nucleotides in length.11 Recent studies have shown that lncRNAs, 
which were previously considered as mere transcriptional noise, 
regulate gene expression at the transcriptional levels.12 The 
pathogenesis of several autoimmune inflammatory disorders, such 
as rheumatoid arthritis, SLE, multiple sclerosis, ulcerative colitis, 
hyperthyroidism and chronic liver disease, are known to involve 
lncRNAs.13-15 The aberrant expression of GAS5, a new type of ln-
cRNAs, has been reported in SLE patients and animal models.16,17 
The lncRNA-mRNA co-expression analysis showed that LncRNA-
GAS5, lnc0640 and lnc5150 were involved in SLE pathogenesis 
through the mitogen-activated protein kinase pathway (MAPK), 
and the LncRNA-GAS5 in plasma could be used as SLE biomark-
ers.16 In addition, the chromosomal locus of LncRNA-GAS5, 1q25, 
has been shown to be related with human SLE development in ge-
netic studies.18

MicroRNAs (miRNAs) are non-coding RNAs molecules, contain-
ing approximately 21-23 nucleotides, which promote translational 

repression or degradation of their target mRNAs to regulate gene 
expression.6 miRNAs have been identified as novel biomarkers and 
potential therapeutic targets in several diseases, and they perform 
diverse immunoregulatory functions.19 Growing evidence has shown 
that the abnormal expression of miR-21 is a contributor to SLE.6,20 
Here, we performed a bioinformatics analysis for target gene pre-
diction and identified the probable binding site between miR-21 and 
LncRNA-GAS5. Furthermore, we identified the phosphatase and 
tensin homolog (PTEN) as the direct miR-21target.

Several genome-wide association studies (GWAS) have re-
vealed the frequent use of single nucleotide polymorphisms 
(SNPs) as genetic markers.21 SNPs associated with lncRNAs are 
known to impact an individual's susceptibility to autoimmune dis-
eases. For example, the lnc0640 gene rs13039216 TT genotype 
resulted in a reduced risk of rheumatoid arthritis (RA) and the G 
allele of rs141561256 in lnc5150 gene was significantly associated 
with the rheumatoid factor in RA patients.22 Furthermore, the 
variation at rs13259960 A>G, which weakened the STAT1 recruit-
ment to the enhancer that looped to the SLEAR promoter, caused 
a reduced SLEAR expression in SLE patients.23 However, there are 
no published reports on the link between the LncRNA-GAS5 gene 
polymorphisms and the SLE risk. This case-control study inves-
tigated whether LncRNA-GAS5 gene polymorphisms contributed 
to the development of SLE. Additionally, we assessed the impact 
of LncRNA-GAS5 polymorphisms on LncRNA-GAS5, miR-21 and 
PTEN levels.

2  | MATERIAL S AND METHODS

2.1 | Study subjects

We recruited 302 SLE patients (63 male and 239 female patients, 
average age 38.77 ± 14.41 years) and 396 age and gender-matched 

and PTEN than the healthy volunteers; however, patients with rs145204276 ID/DD 
genotypes showed up-regulated expression of LncRNA-GAS5 and PTEN compared 
with patients carrying the II genotype. Furthermore, the miR-21 levels were con-
siderably up-regulated in the SLE group than the healthy volunteers, and patients 
with rs145204276 ID/DD genotype had lower miR-21 levels than the ones with the II 
genotype. Thus, we found that the LncRNA-GAS5/miR-21/PTEN signalling pathway 
was involved in the development of SLE, where LncRNA-GAS5 acted as an miR-21 
target, and miR-21 regulated the expression of PTEN. These findings indicated that 
the rs145204276 ID/DD genotypes in the LncRNA-GAS5 gene promoter region may 
be protected against SLE by up-regulating the expression of LncRNA-GAS5, which 
consecutively regulated miR-21 and PTEN levels.

K E Y W O R D S
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healthy volunteers (106 male and 290 female volunteers, average 
age 39.85 ± 11.79 years) from the Affiliated Hospital of Youjiang 
Medical University for Nationalities and People's Hospital of Baise 
between June 2016 and September 2018. Written informed con-
sent was obtained from all patients before study initiation. The 
study design was sanctioned by the ethics committee of the hospi-
tal. All patients met the SLE classification standards revised by the 
American rheumatology Society (ACR) in 1997.24 The clinical char-
acteristics were collected based on medical records or question-
naires and were reviewed by senior doctors. We collected clinical 
data for diverse features, including malar rash, arthritis, leucope-
nia, renal disorder, thrombocytopenia, photosensitivity, neurologi-
cal disorder, ribonucleoprotein antibody (Anti-RNP), antinuclear 
antibody (ANA), smith antibody (Anti-Sm), double-stranded DNA 
antibody (Anti-dsDNA), complement 3 (C3) and complement 4 (C4) 
antibodies. The healthy volunteers were unrelated and did not have 
any history of SLE, autoimmune diseases, cancer or other inflam-
matory diseases.

2.2 | SNPs selection and LncRNA-GAS5 genotyping

The selection criteria of SNPs were as follows: minor allele fre-
quency (MAF) of LncRNA-GAS5 SNPs should be >5% in the Han 
Chinese population of Beijing (CHB); searching for SNPs in the pro-
moter region, exon region, 5′-UTR and 3′-UTR. Finally, we selected 
rs145204276 (promoter region), rs2235095 (intron region), rs6790 
(exon region), rs2067079 (intron region) and rs1951625 (intron re-
gion) for further experimentation.

We isolated genomic DNA from peripheral blood samples and 
stored at −80°C. Online primer v3.0 was used for designing the PCR 
primers (http://prime​r3.ut.ee/) and synthesized by Shanghai Genesky 
Biotechnologies Inc (Table S1). The total volume of ligation reaction 
system was 20.0 μL, including 8.0 μL of sample DNA, 10.0 μL of 2× 
ligation buffer, 0.8 μL of DNA ligase, and 0.2 μL of connect probe 
mixture; the insufficient volume was supplemented with sterilized 
distilled water. Reaction parameters were as follows: 98°C 2  min-
utes; 95°C 30 seconds, 58°C 3 hours; 5 cycles; 94°C 2 minutes and 
72°C forever. The total volume of multiplex PCR reaction system was 
20 μL, including 1.0 μL of ligation product, 10.0 μL of 2× PCR buffer, 
0.4 μL of TaqDNA polymerase, 0.5 μL of multiplex fluorescent ampli-
fication primer and 8.1 μL of sterilized distilled water. Multiple PCR 
reaction parameters were as follows: 95°C 2 minutes; 94°C 20 sec-
onds, 62°C 40 seconds (each cycle reduced 0.5°C), 72°C 1.5 minutes, 
9 cycles; 94°C 20 seconds, 57°C 40 seconds, 72°C 1.5 minutes, 25 
cycles; 68°C 60 minutes and 4°C forever. The multiplex PCR product 
was diluted with 10 times of ddH2O, mixed with 1.0 μL of liz500 and 
8.9 μL Hi-Di, denatured at 95°C for 5 minutes. ABI3500 sequencer 
(ABI) was used for genotyping, and GeneMapper 4.1 software was 
used to analyse the original data. For quality control (QC), we ran-
domly selected 5% of the samples for Sanger sequencing and found 
the results to be 100% accurate and consistent.

2.3 | Extraction of RNA and quantitative real-time 
polymerase chain reaction (qRT-PCR)

We collected peripheral blood samples (3 mL) from each patient in 
an EDTA-containing tube, followed by the isolation and purification 
of peripheral blood mononuclear cells (PBMCs) using the Ficoll-
Hypaque density gradient centrifugation. The TRIzol reagent was 
used for total RNA extraction from the PBMCs (Invitrogen), and a 
Hangzhou Nano-300 spectrophotometer was used to measure the 
RNA concentrations.

The PrimeScript™ RT reagent Kit or Mir-X™ miRNA First-
Strand Synthesis Kit (Takara) was used for cDNA synthesis based 
on the manufacturer's method. Next, qRT-PCR was performed 
using SYBR Green (SYBR® Premix Ex Taq™ II, Takara) on an 
Applied Biosystems 7500 Real-Time PCR system. The qRT-PCR 
reaction system contained about 2  µL of cDNA, forward and re-
verse primers 0.8 µL each, 10× ROX Reference Dye II 0.4 µL, 2× 
SYBR Premix Ex Taq II 10  µL, RNase Free dH2O 6  µL and a total 
volume of 20 µL. The RT-PCR conditions were as follows: 95°C for 
30  seconds; 40 cycles (95°C for 5  seconds and 62°C for 34  sec-
onds). GAPDH or U6 were used as the internal references, and 
the 2−ΔΔCt method was used to quantify the gene expression. The 
oligonucleotides used as primers were as follows: LncRNA-GAS5 
Forward Primer 5′-ACACAGGCATTAGACAGAA-3′, Reverse Primer 
5′-CCAGGAGCAGAACCATTA-3′; miR-21 Primer 5′-CAACACCA
GUCGAUGGGCUGU-3′, universal downstream primers: 
HmiRQP0315 (Genecopoeia); GAPDH Forward Primer 5′-GCCCA
ATACGACCAAATCC-3′, Reverse Primer 5′-AGCCACATCGCTCAG 
ACAC-3′; U6-Forward Primer 5′-CTCGCTTCGGCAGCACA-3′, 
Reverse Primer 5′-CCGCTGGTTTCAT ATGGTG G-3′. The melt 
curve analysis results for LncRNA-GAS5 and miR-21 expression 
analysis (Figure S1 and S2).

2.4 | Serum PTEN determination

We obtained blood samples from both SLE patients and healthy 
volunteers. After clotting at room temperature, the serum was 
isolated and stored at −80°C for subsequent testing. The concen-
tration of serum PTEN was measured using appropriate ELISA kits 
(Human PTEN ELISA Kit), and absorbance (OD value) was measured 
at 450 nm using an RT-6000 enzyme micro-plate reader. A standard 
calibration curve was used to determine the concentration of serum 
PTEN (Figure S3).

2.5 | Statistical analysis

The SPSS software v17.0 was used for data analysis. The PASS 
software (version 15.0) was used to evaluate the sample size. A 
chi-squared test was performed to evaluate whether the study pop-
ulation met the Hardy Weinberg equilibrium (HWE). Differences 

http://primer3.ut.ee/
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of age between control groups and SLE patients were compared 
by using Student's t test, whereas difference of gender was evalu-
ated by using chi-square test. Genotype and allele frequencies of 
GAS5 were compared by chi-square test. Differences of GAS5, 
miR-21 and PTEN expression levels were compared using Mann-
Whitney U test. The association between five SNPs polymorphisms 
and SLE risk was evaluated based on the odds ratio (OR) and 95% 
confidence interval (95% CI). Unconditional logistic regression 
was performed to adjust OR and 95% CI based on age and gender. 
Spearman's rank correlation analysis was used to analyse relation-
ships between the expression levels of GAS5, miR-21 and PTEN. 
The online SHEsis software was used for performing the haplotype 
analysis. The online bioinformatics software was used to predict 
the potential miR-21 targets (http://mirta​rbase.cuhk.edu.cn/php/
search.php). A P-value <  .05 represented a statistically significant 
difference. Besides, we performed Bonferroni correction to elimi-
nate the probability of false-positive findings in the genetic model 
analyses, the P-value < (.05/5) indicates statistical significance 
after Bonferroni correction.

3  | RESULTS

3.1 | Study subjects

Table  1 Lists the clinical characteristics of patients with SLE and 
healthy volunteers. There were insignificant differences regarding 
age and gender distribution between the SLE patient group and the 
healthy group (P > .05).

3.2 | Association of LncRNA-GAS5 polymorphisms 
with SLE risk

We found three genotypes in rs145204276, rs2235095, rs6790, 
rs2067079 and rs1951625 polymorphisms (Figure  1). Table  2 sum-
marizes the genotypes and the allele frequencies of these five SNPs 
of the LncRNA-GAS5 gene in both SLE patients and healthy volun-
teers. The genotype distributions in the control group agreed with the 
HWE (P > .05). We found that the minor D allele of rs145204276 was 
related to a reduced risk of SLE than the major I allele (D alleles vs 
I alleles: adjusted OR = 0.680, 95% CI, 0.53-0.87, P = .002). In addi-
tion, the DD genotype, ID genotype and the Dominant model resulted 
in a decreased risk of SLE (DD genotypes vs II genotypes: adjusted 
OR = 0.538, 95% CI, 0.30-0.97, P = .039; ID genotypes vs II genotypes: 
adjusted OR = 0.641, 95% CI, 0.46-0.89, P = .007; ID/DD genotypes 
vs II genotypes: adjusted OR = 0.621, 95% CI, 0.46-0.84, P =  .002). 
However, no significant association of rs2235095, rs6790, rs2067079 
and rs1951625 polymorphisms with SLE risk was observed (P > .05). 
After Bonferroni correction, no significant association between the 
rs145204276 DD genotype and the risk of SLE was observed, the 
significance of multiplex detection at the P <  .01 (0.05/5) level was 
retained for rs145204276 ID genotype, D allele and dominant model.

3.3 | Association of rs145204276 polymorphism 
with clinical features

We further stratified the distribution of rs145204276 polymorphism 
in thirteen specific clinical features in both SLE positive and negative 

Characteristics SLE patients (n = 302) Control group (n = 396) P-value

Age, y (mean ± SD) 38.77 ± 14.41 39.85 ± 11.79 .291

Male/female (%) 63 (20.9)/239 (79.1) 106 (26.8)/290 (73.2) .071

Malar rash, n (%) 155 (51.3) – –

Arthritis, n (%) 132 (43.7) – –

Renal disorder, n (%) 161 (53.3) – –

Photosensitivity, n (%) 141 (46.7) – –

Neurologic disorder, n (%) 22 (7.3) – –

ANA, n (%) 281 (93.0) – –

Anti-RNP, n (%) 96 (31.8) – –

Anti-dsDNA, n (%) 138 (45.7) – –

Anti-Sm, n (%) 102 (33.7) – –

Leucopenia, n (%) 81 (26.8) – –

Thrombocytopenia, n (%) 49 (16.2) – –

Low levels of C3, n (%) 177 (58.6) – –

Low levels of C4, n (%) 150 (49.7) – –

Abbreviations: ANA, antinuclear antibody; Anti-dsDNA, double-stranded DNA antibody; Anti-RNP, 
ribonucleoprotein antibody; Anti-Sm, smith antibody; C3, complement 3; C4, complement 4; SLE, 
systemic lupus erythematosus.

TA B L E  1   Clinical characteristics of the 
SLE patients and controls

http://mirtarbase.cuhk.edu.cn/php/search.php
http://mirtarbase.cuhk.edu.cn/php/search.php
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F I G U R E  1   Fluorescence capillary electrophoresis map of genotypes for GAS5 gene polymorphisms. A, Capillary electrophoresis showed 
II, ID and DD genotypes for rs145204276; B, AA, AG and GG genotypes for rs2235095; C, AA, AG and GG genotypes for rs6790; D, CC, CT 
and TT genotypes for rs2067079; E, AA, AG and GG genotypes for rs1951625



     |  3553LIU et al.

TA
B

LE
 2

 
A

ss
oc

ia
tio

n 
be

tw
ee

n 
Ln

cR
N

A-
G

A
S5

 p
ol

ym
or

ph
is

m
s 

an
d 

ris
k 

of
 S

LE

Po
ly

m
or

ph
is

m
Co

nt
ro

ls
 

n 
=

 3
96

 (%
)

H
W

E,
 P

a  
SL

E 
pa

tie
nt

s,
 

n 
=

 3
02

 (%
)

H
W

E 
Pb  

O
R 

(9
5%

 C
I)

A
dj

us
te

d 
O

R 
(9

5%
 

CI
)a  

P
A

dj
us

te
d 

Pc  

rs
14

52
04

27
6

.7
12

.1
94

II
19

6 
(4

9.
5)

18
6 

(6
1.

6)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

ID
16

3 
(4

1.
2)

97
 (3

2.
1)

0.
62

7 
(0

.4
6-

0.
87

)
0.

64
1 

(0
.4

6-
0.

89
)

.0
04

.0
07

*

D
D

37
 (9

.3
)

19
 (6

.3
)

0.
54

1 
(0

.3
0-

0.
98

)
0.

53
8 

(0
.3

0-
0.

97
)

.0
41

.0
39

I
55

5 
(7

0.
1)

46
9 

(7
7.

6)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

D
23

7 
(2

9.
9)

13
5 

(2
2.

4)
0.

67
4 

(0
.5

3-
0.

86
)

0.
68

0 
(0

.5
3-

0.
87

)
.0

02
.0

02
*

D
om

in
an

t m
od

el

II
19

6 
(4

9.
5)

18
6 

(6
1.

6)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

ID
/D

D
20

0 
(5

0.
5)

11
6 

(3
8.

4)
0.

61
1 

(0
.4

5-
0.

83
)

0.
62

1 
(0

.4
6-

0.
84

)
.0

02
.0

02
*

Re
ce

ss
iv

e 
m

od
el

II/
ID

35
9 

(9
0.

7)
28

3 
(9

3.
7)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

D
D

37
 (9

.3
)

19
 (6

.3
)

0.
65

1 
(0

.3
7-

1.
16

)
0.

64
1 

(0
.3

6-
1.

14
)

.1
44

.1
31

rs
22

35
09

5
.6

64
.1

94

G
G

13
5 

(3
4.

1)
11

3 
(3

7.
4)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

AG
19

6 
(4

9.
5)

15
2 

(5
0.

3)
0.

92
6 

(0
.6

7-
1.

29
)

0.
93

7 
(0

.6
7-

1.
30

)
.6

48
.7

00

A
A

65
 (1

6.
4)

37
 (1

2.
3)

0.
68

0 
(0

.4
2-

1.
09

)
0.

68
8 

(0
.4

3-
1.

11
)

.1
11

.1
25

G
46

6 
(5

8.
8)

37
8 

(6
2.

6)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

A
32

6 
(4

1.
2)

22
6 

(3
7.

4)
0.

85
5 

(0
.6

9-
1.

06
)

0.
86

1 
(0

.6
9-

1.
07

)
.1

56
.1

77

D
om

in
an

t m
od

el

G
G

13
5 

(3
4.

1)
11

3 
(3

7.
4)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

AG
/A

A
26

1 
(6

5.
9)

18
9 

(6
2.

6)
0.

86
5 

(0
.6

3-
1.

18
)

0.
87

5 
(0

.6
4-

1.
20

)
.3

63
.4

04

Re
ce

ss
iv

e 
m

od
el

G
G

/A
G

33
1 

(8
3.

6)
26

5 
(8

7.
7)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

A
A

65
 (1

6.
4)

37
 (1

2.
3)

0.
71

1 
(0

.4
6-

1.
10

)
0.

71
5 

(0
.4

6-
1.

11
)

.1
24

.1
32

rs
19

51
62

5
.7

81
.3

80

G
G

21
2 

(5
3.

5)
16

4 
(5

4.
3)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

AG
15

4 
(3

8.
9)

11
3 

(3
7.

4)
0.

94
9 

(0
.6

9-
1.

30
)

0.
94

6 
(0

.6
9-

1.
30

)
.7

44
.7

33

A
A

30
 (7

.6
)

25
 (8

.3
)

1.
07

7 
(0

.6
1-

1.
90

)
1.

05
3 

(0
.6

0-
1.

86
)

.7
98

.8
60

G
57

8 
(7

3.
0)

44
1 

(7
3.

0)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

A
21

4 
(2

7.
0)

16
3 

(2
7.

0)
0.

99
8 

(0
.7

9-
1.

27
)

0.
99

1 
(0

.7
8-

1.
26

)
.9

89
.9

38

D
om

in
an

t m
od

el

(C
on

tin
ue

s)



3554  |     LIU et al.

Po
ly

m
or

ph
is

m
Co

nt
ro

ls
 

n 
=

 3
96

 (%
)

H
W

E,
 P

a  
SL

E 
pa

tie
nt

s,
 

n 
=

 3
02

 (%
)

H
W

E 
Pb  

O
R 

(9
5%

 C
I)

A
dj

us
te

d 
O

R 
(9

5%
 

CI
)a  

P
A

dj
us

te
d 

Pc  

G
G

21
2 

(5
3.

5)
16

4 
(5

4.
3)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

AG
/A

A
18

4 
(4

6.
5)

13
8 

(4
5.

7)
0.

97
0 

(0
.7

2-
1.

31
)

0.
96

4 
(0

.7
1-

1.
30

)
.8

40
.8

10

Re
ce

ss
iv

e 
m

od
el

G
G

/A
G

36
6 

(9
2.

4)
27

7 
(9

1.
7)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

A
A

30
 (7

.6
)

25
 (8

.3
)

1.
10

1 
(0

.6
3-

1.
92

)
1.

07
7 

(0
.6

2-
1.

88
)

.7
33

.7
92

rs
20

67
07

9
.3

05
.1

63

CC
25

0 
(6

3.
1)

19
7 

(6
5.

2)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

C
T

12
5 

(3
1.

6)
89

 (2
9.

5)
0.

90
4 

(0
.6

5-
1.

26
)

0.
89

9 
(0

.6
5-

1.
25

)
.5

47
.5

30

TT
21

 (5
.3

)
16

 (5
.3

)
0.

96
7 

(0
.4

9-
1.

90
)

0.
96

2 
(0

.4
9-

1.
90

)
.9

22
.9

11

C
62

5 
(7

8.
9)

48
3 

(8
0.

0)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

T
16

7 
(2

1.
1)

12
1 

(2
0.

0)
0.

93
8 

(0
.7

2-
1.

22
)

0.
93

4 
(0

.7
2-

1.
22

)
.6

30
.6

11

D
om

in
an

t m
od

el

CC
25

0 
(6

3.
1)

19
7 

(6
5.

2)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

C
T/

TT
14

6 
(3

6.
9)

10
5 

(3
4.

8)
0.

91
3 

(0
.6

7-
1.

25
)

0.
90

8 
(0

.6
6-

1.
24

)
.5

67
.5

48

Re
ce

ss
iv

e 
m

od
el

CC
/C

T
37

5 
(9

4.
7)

28
6 

(9
4.

7)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

TT
21

 (5
.3

)
16

 (5
.3

)
0.

99
9 

(0
.5

1-
1.

95
)

0.
99

5 
(0

.5
1-

1.
95

)
.9

98
.9

89

rs
67

90
.8

27
.1

25

G
G

14
2 

(3
5.

9)
10

7 
(3

5.
4)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

AG
19

2 
(4

8.
5)

15
6 

(5
1.

7)
1.

07
8 

(0
.7

8-
1.

50
)

1.
07

6 
(0

.7
7-

1.
50

)
.6

52
.6

62

A
A

62
 (1

5.
6)

39
 (1

2.
9)

0.
83

5 
(0

.5
2-

1.
34

)
0.

85
1 

(0
.5

3-
1.

37
)

.4
54

.5
05

G
47

6 
(6

0.
1)

37
0 

(6
1.

3)
1.

00
 (R

ef
)

1.
00

 (R
ef

)

A
31

6 
(3

9.
9)

23
4 

(3
8.

7)
0.

93
8 

(0
.7

2-
1.

22
)

0.
93

4 
(0

.7
2-

1.
22

)
.6

30
.6

11

D
om

in
an

t m
od

el

G
G

14
2 

(3
5.

9)
10

7 
(3

5.
4)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

AG
/A

A
25

4 
(6

4.
1)

19
5 

(6
4.

6)
1.

01
9 

(0
.7

5-
1.

39
)

1.
02

1 
(0

.7
5-

1.
40

)
.9

07
.8

95

Re
ce

ss
iv

e 
m

od
el

G
G

/A
G

33
4 

(8
4.

3)
26

3 
(8

7.
1)

1.
00

 (R
ef

)
1.

00
 (R

ef
)

A
A

62
 (5

.6
)

39
 (1

2.
9)

0.
79

9 
(0

.5
2-

1.
23

)
0.

81
5 

(0
.5

3-
1.

26
)

.3
08

.3
57

A
bb

re
vi

at
io

n:
 H

W
E,

 H
ar

dy
-W

ei
nb

er
g 

eq
ui

lib
riu

m
.

a C
on

tr
ol

 g
ro

up
. 

b SL
E 

pa
tie

nt
s 

gr
ou

p,
 O

R,
 o

dd
s 

ra
tio

; C
I, 

co
nf

id
en

ce
 in

te
rv

al
; R

ef
, r

ef
er

en
ce

. 
c A

dj
us

te
d 

by
 a

ge
 a

nd
 g

en
de

r. 
Th

e 
P*

 v
al

ue
 in

di
ca

te
s 

st
at

is
tic

al
 s

ig
ni

fic
an

ce
 a

ft
er

 B
on

fe
rr

on
i c

or
re

ct
io

n.
 

TA
B

LE
 2

 
(C

on
tin

ue
d)



     |  3555LIU et al.

patients (Table  3). The results revealed a negative correlation be-
tween a reduced risk of renal disorders in SLE and the ID/DD geno-
types and D allele (ID/DD genotypes vs II genotypes: OR  =  0.57, 
95% CI, 0.36-0.92, P = .020; D alleles vs I alleles: OR = 0.63, 95% CI, 
0.43-0.93, P = .019).

3.4 | Haplotype analysis of the LncRNA-GAS5 
polymorphisms with risk of SLE

Next, we assessed the haplotype frequencies of the five SNPs in the 
LncRNA-GAS5 gene in both the SLE patients and the healthy vol-
unteers using the online SHEsis software (Table 4). Approximately, 
32.1% and 28.3% of the maximum haplotype (G-G-C-G-I) were ob-
served in SLE patients and the healthy volunteers, respectively. We 
also found that reduced risk for SLE was related to the presence of 
the haplotype (A-A-C-G-D) (OR = 0.67, 95% CI, 0.49-0.91, P = .010). 
After Bonferroni correction, the significant association between the 
haplotype (A-A-C-G-D) and the risk of SLE was observed.

3.5 | Target gene prediction and LncRNA-GAS5, 
miR-21 and PTEN expression

The potential miR-21 targets were predicted through an online bio-
informatics software. We identified that there were several base 
pair binding sites between miR-21 and LncRNA-GAS5 (Figure 2A). 
We further identified PTEN as the miR-21 target protein (Figure 2B). 
Next, qRT-PCR and ELISA were performed to compare LncRNA-
GAS5, miR-21 and PTEN levels in SLE patients having different 
rs145204276 genotypes to explore the molecular mechanism be-
tween rs145204276 polymorphism and the development of SLE. 
SLE patients showed considerably reduced LncRNA-GAS5 levels 
than the healthy volunteers (P = .001; Figure 3A). We further ana-
lysed whether rs145204276 genetic polymorphism could affect 
the expression level of the LncRNA-GAS5 gene in SLE patients. 
We found higher LncRNA-GAS5 levels in the rs145204276 ID/DD 
genotypes than the rs145204276 II genotype (P < .001; Figure 3B). 
Additionally, PTEN expression followed a trend similar to that of 
LncRNA-GAS5, that is SLE patients showed a substantially reduced 

TA B L E  3   Association between genotypes and alleles frequencies in rs145204276 with clinical features in SLE patients

Clinical features +/−

Genotypes (%)

P OR, ID + DD vs II

Alleles (%)

P OR, D vs III ID + DD I D

Malar rash + 92 (59.4) 63 (40.6) .412 1.22 (0.76-1.93) 234 (75.5) 76 (24.5) .190 1.29 (0.88-1.90)

− 94 (63.9) 53 (36.1) 235 (79.9) 59 (20.1)

Arthritis + 82 (62.1) 50 (37.9) .867 0.96 (0.60-1.53) 202 (76.5) 62 (23.5) .556 0.12 (0.76-1.65)

− 104 (61.2) 66 (38.8) 267 (78.5) 73 (21.5)

Renal disorder + 109 (67.7) 52 (32.3) .020 0.57 (0.36-0.92) 262 (81.4) 60 (18.6) .019 0.63 (0.43-0.93)

− 77 (54.6) 64 (45.4) 207 (73.4) 75 (26.6)

Photosensitivity + 81 (57.4) 60 (42.6) .166 1.39 (0.87-2.21) 211 (74.8) 71 (25.2) .119 1.36 (0.92-1.99)

− 105 (65.2) 56 (34.8) 258 (80.1) 64 (19.9)

Neurologic 
disorder

+ 12 (54.5) 10 (45.5) .481 1.37 (0.57-3.28) 32 (72.7) 12 (27.3) .416 1.33 (0.67-2.66)

− 174 (62.1) 106 (37.9) 437 (78.0) 123 (22.0)

ANA + 174 (61.9) 107 (38.1) .664 0.82 (0.33-2.01) 438 (77.9) 124 (22.1) .536 0.80 (0.39-1.63)

− 12 (57.1) 9 (42.9) 31 (73.8) 11 (26.2)

Anti-RNP + 54 (56.3) 42 (43.8) .193 1.39 (0.85-2.27) 143 (74.5) 49 (25.5) .202 1.30 (0.87-1.94)

− 132 (64.1) 74 (35.9) 326 (79.1) 86 (20.9)

Anti-dsDNA + 86 (62.3) 52 (37.7) .811 0.95 (0.59-1.51) 213 (77.2) 63 (22.8) .797 1.05 (0.72-1.54)

− 100 (61.0) 64 (39.0) 256 (78.0) 72 (22.0)

Anti-Sm + 67 (65.7) 35 (34.3) .296 0.77 (0.47-1.26) 165 (80.9) 39 (19.1) .173 0.75 (0.49-1.14)

− 119 (59.5) 81 (40.5) 304 (76.0) 96 (24.0)

Leucopenia + 51 (63.0) 30 (37.0) .766 0.92 (0.55-1.56) 125 (77.2) 37 (22.8) .861 1.04 (0.68-1.60)

− 135 (61.1) 86 (38.9) 344 (77.8) 98 (22.2)

Thrombocytopenia + 25 (51.0) 24 (49.0) .097 1.68 (0.91-3.11) 70 (71.4) 28 (28.6) .106 1.49 (0.92-2.43)

− 161 (63.6) 92 (36.4) 399 (78.9) 107 (21.1)

Low levels of C3 + 115 (65.0) 62 (35.0) .150 0.71 (0.44-1.13) 283 (79.9) 71 (20.1) .107 0.73 (0.50-1.07)

− 71 (56.8) 54 (43.2) 186 (74.4) 64 (25.6)

Low levels of C4 + 96 (64.0) 54 (36.0) .392 0.82 (0.51-1.30) 235 (78.3) 65 (21.7) .688 0.93 (0.63-1.36)

− 90 (59.2) 62 (40.8) 234 (77.0) 70 (23.0)
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TA B L E  4   Haplotype analysis of the LncRNA-GAS5 polymorphisms with risk of SLE

rs2235095 rs6790 rs2067079 rs1951625 rs145204276
Control group 
(2n = 792) (%)

SLE patients 
(2n = 604) (%) OR (95% CI) P

G G C G I 224 (28.3) 194 (32.1) 1.27 (0.99-1.62) .056

A A C G D 143 (18.1) 77 (12.8) 0.67 (0.49-0.91) .010*

G G T A I 118 (14.9) 92 (15.2) 1.06 (0.78-1.43) .704

A A C G I 100 (12.6) 74 (12.3) 0.99 (0.72-1.38) .978

G G C A I 31 (3.9) 13 (2.2) 0.56 (0.29-1.08) .080

G G C G D 9 (1.5) 24 (3.0) 0.52 (0.24-1.11) .085

Note: The P* value indicates statistical significance after Bonferroni correction.
Abbreviations: CI, confidence interval; OR, odds ratio.

F I G U R E  2   Bioinformatics software 
was used to predict target of miR-21. A, 
Potential miR-21 base pairing with GAS5; 
B, Putative binding site of miR-21 in PTEN

F I G U R E  3   Relative expression 
of GAS5 in controls (n = 45) and SLE 
patients (n = 45), expression levels were 
normalized to GAPDH. A, Decreased 
level of GAS5 in SLE patients compared 
with controls (P = .001); B, Increased 
level of GAS5 in SLE patients carrying 
the rs145204276 ID + DD genotypes 
(n = 30) compared with those carrying 
the rs145204276 II genotype (n = 15) 
(P < .001). ELISA detection of PTEN 
expression. C, Serum level of PTEN in SLE 
patients (n = 90) and controls (n = 90), 
P < .001; D, Increased level of PTEN in 
SLE patients carrying the rs145204276 
ID + DD genotypes (n = 43) compared 
with those carrying the rs145204276 II 
genotype (n = 47) (P < .001). The relative 
expression of miR-21 in SLE patients 
(n = 45) and controls (n = 45), expression 
levels were normalized to U6. E, Increased 
level of miR-21 in SLE patients compared 
with controls (P < .001); F, Decreased 
level of miR-21 in SLE patients carrying 
the rs145204276 ID + DD genotypes 
(n = 30) compared with those carrying 
the rs145204276 II genotype (n = 15) 
(P < .001)
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PTEN expression than the healthy volunteers (P < .001; Figure 3C) 
and the rs145204276 ID/DD genotype had elevated PTEN levels 
than the rs145204276 II genotype (P  <  .001; Figure  3D). On the 
contrary, in SLE patients, we observed significantly up-regulated 
miR-21 expression compared with the healthy volunteers (P < .001; 
Figure 3E). Furthermore, rs145204276 ID/DD genotypes had lower 
miR-21 levels compared with the rs145204276 II genotype (P < .001; 
Figure 3F). The expression levels of GAS5, miR-21 and PTEN in the 
controls and SLE patients were not significantly different between 
male and female (P >  .05; Figure S4). In addition, spearman's rank 
correlation analysis showed that there was a correlation between 
the expression levels of GAS5, miR-21 and PTEN (Table S2).

4  | DISCUSSION

This study assessed the relationship between the risk associated 
with the development of SLE and the five SNPs (rs145204276, 
rs2235095, rs6790, rs2067079 and rs1951625) in the LncRNA-
GAS5 gene. This study is the first report that identified the allele 
and genotype frequencies of five SNPs in the LncRNA-GAS5 gene 
and the relative risk of development of SLE in a subset of the Chinese 
population. We found that reduced risk for SLE was significantly re-
lated to the rs145204276 D allele, ID genotype, DD genotype and 
the dominant model (ID + DD genotypes vs II genotypes). ID + DD 
genotypes and D allele in rs145204276 resulted in a substantially re-
duced risk of renal disorder in SLE. Haplotype analysis found that the 
A-A-C-G-D haplotype was related to a reduced risk of SLE. However, 
no significant association of rs2235095, rs6790, rs2067079 and 
rs1951625 polymorphisms with SLE risk was observed (P  >  .05). 
Additionally, SLE patients had significantly down-regulated LncRNA-
GAS5 and PTEN levels compared with the healthy volunteers; how-
ever, patients with rs145204276 ID/DD genotypes exhibited higher 
LncRNA-GAS5 and PTEN levels than the patients with the II gen-
otype. Also, SLE patients had considerably elevated miR-21 levels 
than the healthy volunteers, and the patients with rs145204276 ID/
DD genotype had lower miR-21 levels than the ones with the II geno-
type. Thus, these findings suggested that the susceptibility to SLE 
was related to the rs145204276 polymorphism.

LncRNAs play multiple biological roles, including gene transcrip-
tion, RNA splicing, protein transport and chromatin remodelling.25 
Previous studies have revealed that lncRNAs are involved in the 
development and immune response of immune cells through differ-
ent mechanisms and regulate the gene expression through multi-
functional interaction with DNA, RNA or protein.26,27 LncRNA-GAS5, 
a novel lncRNA that was identified in mouse NIH3T3 cells, localized at 
1q25 and contains several small nucleolar RNAs.28,29 Previous stud-
ies have shown that LncRNA-GAS5 acts as a tumour suppressor for 
several types of cancers, such as liver cancer, breast cancer, colorec-
tal cancer and prostate cancer.30-33 SNP in the known protein-coding 
genes may affect the expression or functioning of those genes through 
different mechanisms. Tao et al34 suggested that rs145204276 af-
fected the transcriptional activity of LncRNA-GAS5 and regulated its 

expression through CpG island methylation in the promoter region, 
which is linked with an increased susceptibility and progression of 
liver cancer. Zhu et al35 showed that rs55829688 CC + rs145204276 
del/del genotype had an impact on the prognosis and survival rate of 
prostate cancer patients through the regulation of miR-21/miR-1284 
expression, which consequently affected PDCD4, PTEN and AKT ex-
pression. In addition, rs145204276 del allele was linked with a signifi-
cantly lower incidence of gastric cancer progression and metastasis.36 
For several years, LncRNA-GAS5 was regarded as a tumour suppres-
sor gene. However, recent studies have shown that LncRNA-GAS5 
plays a role in the pathogenesis of immune-mediated inflammatory 
diseases, such as SLE, multiple sclerosis, rheumatoid arthritis, inflam-
matory bowel disease and immune thrombocytopenia.16,37-40 To date, 
there are no reports indicating an association between LncRNA-
GAS5 gene polymorphism and the risk for SLE. We deduced that 
rs145204276 polymorphism in the promoter region had an impact 
on LncRNA-GAS5 expression. Subsequently, we detected the level of 
expression of LncRNA-GAS5 and compared LncRNA-GAS5 expres-
sion with rs145204276 polymorphism. Here, the SLE patients had sig-
nificantly down-regulated LncRNA-GAS5 levels in PBMCs compared 
with the healthy volunteers. Interestingly, Wu et al had also identified 
reduced plasma levels of LncRNA-GAS5 in SLE patients compared 
with healthy volunteers.16 Additionally, elevated LncRNA-GAS5 levels 
were observed in patients with rs145204276 ID + DD genotype than 
those with II genotype. LncRNA-GAS5 gene rs145204276 polymor-
phism resulted in a decreased SLE risk, which could act as a protective 
factor. These outcomes support our hypothesis.

With the development of molecular biology technology and the 
advancement of genetics research. It has become increasingly clear 
that numerous miRNA response elements (MRE) exist on a wide 
variety of RNA transcripts, leading to the hypothesis that all RNA 
transcripts that contain miRNA MRE can communicate and regu-
late each other by competing specifically miRNAs, thus acting as 
competing endogenous RNAs (ceRNAs), it includes mRNA, lncRNA 
and circRNA. miRNA is a type of non-coding RNA with a length of 
about 22 nt, which is the core molecule in the ceRNA hypothesis. 
It can promote the degradation of mRNAs or inhibit translation by 
binding with the 3′-untranslated region (3′-UTR) of target mRNA 
and further regulate a variety of biological behaviours.41 Yan et al42 
found that lncRNA HIX003209 did not directly bind to TLR2, TLR4 
and NF-κB; however, it promoted TLR4/NF-κB expression in mac-
rophages through the sponge miR-6089, which was critical for the 
development of rheumatoid arthritis. Additionally, Deng et al43 re-
ported that the THRIL/miR-34a/MCP-1 axis played a key role in the 
development of SLE. Here, we performed bioinformatics analyses to 
identify the putative LncRNA-GAS5 and PTEN binding sites in miR-
21. Subsequently, qRT-PCR and ELISA were used to elucidate the 
regulatory relationship between LncRNA-GAS5 and miR-21/PTEN. 
SLE patients with rs145204276 ID/DD genotype have high ex-
pression of LncRNA-GAS5 and low expression of miR-21 in PBMC, 
which up-regulates the expression level of PTEN in serum; on the 
contrary, SLE patients with rs145204276 II genotype have low ex-
pression of LncRNA-GAS5, high level of miR-21 and down-regulate 
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PTEN expression level in serum. A previous study had shown that 
PTEN was a direct target of miR-21 and contributed to the effects 
exerted by miR-21 on cell invasion.44 MiR-21 regulated PTEN ex-
pression through 3′-UTR, thus getting involved in the process of 
tumorigenesis in a wide range of cancers.45 LncRNAs act as miRNA 
sponges to restore the target gene expression via competitive reg-
ulatory interactions between lncRNAs, miRNAs and mRNAs. In this 
network, any abnormal expression of non-coding RNA would con-
tribute to the occurrence and development of diseases.

This study showed that LncRNA-GAS5 gene polymorphisms 
played a critical role in the aetiology of SLE; however, it had the 
following limitations. First, due to the limited time and funds, the 
study sample size was relatively small, which probably restricted the 
reliability of relevant statistical tests. Second, all participants were 
recruited from the same hospital; thus, there exists a strong possi-
bility of selection bias. Third, previous studies have shown that SLE 
results from complex interactions between genetic, environmental 
and hormonal factors. However, in our current study, due to the lack 
of relevant data, it was impossible to estimate the impact of gene-
environment interaction. Therefore, further studies will be per-
formed with a large sample size and different genetic backgrounds, 
more functional experiments combined with animal research, which 
will enhance our understanding of the molecular interaction involved 
in this field more clearly and draw more powerful conclusions.

Thus, we demonstrated that the rs145204276 ID/DD genotypes in 
the promoter region of the LncRNA-GAS5 gene acted as a protective 
factor towards the development of SLE, most probably by elevating 
LncRNA-GAS5 expression. Additionally, LncRNA-GAS5 may contrib-
ute to SLE in the pathogenesis by targeting PTEN through competi-
tive binding to miR-21. Thus, our findings provide a new direction to 
further our understanding of the pathogenesis mechanism and the 
role of LncRNA-GAS5 in SLE. In the future, a larger sample size and 
different ethnic groups will be studied to confirm these findings.

ACKNOWLEDG EMENTS
We thank all the participants involved in our study. This study was 
supported by the National Natural Science Foundation of China 
(No. 81560552; No. 81960303; No. 82060570), the Natural Science 
Foundation of Guangxi, China (No. 2018GXNSFAA138120) and the 
Key Research Projects of Guangxi, China (No. 2018AB58018)

CONFLIC T OF INTERE S T
The authors declare no conflict of interests.

AUTHOR CONTRIBUTIONS
Ye-Sheng Wei: Funding acquisition (equal); Resources (equal); 
Validation (equal); Visualization (equal); Writing-original draft (equal); 
Writing-review & editing (equal). Chun-Hong Liu: Conceptualization 
(equal); Data curation (equal); Formal analysis (equal); Methodology 
(equal); Project administration (equal); Resources (equal); Software 
(equal); Supervision (equal); Writing-original draft (equal); Writing-
review & editing (equal). Yu-Lan Lu: Data curation (equal); Formal 
analysis (equal); Funding acquisition (equal); Software (equal). 

Hua-Tuo Huang: Methodology (equal). Chun-Fang Wang: Formal 
analysis (equal); Project administration (equal); Resources (equal); 
Software (equal). Hong-Cheng Luo: Data curation (equal); Formal 
analysis (equal). Gui-Jiang Wei: Methodology (equal); Project ad-
ministration (equal); Resources (equal); Software (equal). Ming 
Lei: Data curation (equal); Formal analysis (equal); Methodology 
(equal); Project administration (equal); Resources (equal). Tan Tan: 
Investigation (equal); Methodology (equal); Project administration 
(equal); Resources (equal); Software (equal); Writing-original draft 
(equal). Yan Wang: Data curation (equal); Software (equal). Yan-Yun 
Huang: Formal analysis (equal). Yan Lan: Conceptualization (equal); 
Funding acquisition (equal); Methodology (equal); Resources (equal); 
Writing-original draft (equal); Writing-review & editing (equal).

DATA AVAIL ABILIT Y S TATEMENT
All data generated or analyzed during this study are included in this 
article.

ORCID
Chun-Hong Liu   https://orcid.org/0000-0003-2781-885X 

R E FE R E N C E S
	 1.	 Banchereau R, Hong S, Cantarel B, et al. Personalized immunomon-

itoring uncovers molecular networks that stratify lupus patients. 
Cell. 2016;165(3):551-565.

	 2.	 Lewis M, Vyse S, Shields A, et al. Effect of UBE2L3 genotype on 
regulation of the linear ubiquitin chain assembly complex in sys-
temic lupus erythematosus. Lancet. 2015;385(Suppl 1):S9.

	 3.	 Dorner T, Furie R. Novel paradigms in systemic lupus erythemato-
sus. Lancet. 2019;393(10188):2344-2358.

	 4.	 Charles N, Hardwick D, Daugas E, Illei GG, Rivera J. Basophils and 
the T helper 2 environment can promote the development of lupus 
nephritis. Nat Med. 2010;16(6):701-707.

	 5.	 Lanata CM, Paranjpe I, Nititham J, et al. A phenotypic and genomics 
approach in a multi-ethnic cohort to subtype systemic lupus ery-
thematosus. Nat Commun. 2019;10(1):3902.

	 6.	 Garchow BG, Bartulos Encinas O, Leung YT, et al. Silencing of mi-
croRNA-21 in vivo ameliorates autoimmune splenomegaly in lupus 
mice. EMBO Mol Med. 2011;3(10):605-615.

	 7.	 Sharabi A, Tsokos GC. T cell metabolism: new insights in systemic 
lupus erythematosus pathogenesis and therapy. Nat Rev Rheumatol. 
2020;16(2):100-112.

	 8.	 Goel RR, Wang X, O’Neil LJ, et al. Interferon lambda promotes im-
mune dysregulation and tissue inflammation in TLR7-induced lupus. 
Proc Natl Acad Sci. 2020;117(10):5409-5419.

	 9.	 Caielli S, Veiga DT, Balasubramanian P, et al. A CD4(+) T cell popula-
tion expanded in lupus blood provides B cell help through interleu-
kin-10 and succinate. Nat Med. 2019;25(1):75-81.

	10.	 Menon M, Blair PA, Isenberg DA, Mauri C. A regulatory feed-
back between plasmacytoid dendritic cells and regulatory B 
cells is aberrant in systemic lupus erythematosus. Immunity. 
2016;44(3):683-697.

	11.	 Quinn JJ, Ilik IA, Qu K, et al. Revealing long noncoding RNA archi-
tecture and functions using domain-specific chromatin isolation by 
RNA purification. Nat Biotechnol. 2014;32(9):933-940.

	12.	 Engreitz JM, Haines JE, Perez EM, et al. Local regulation of gene 
expression by lncRNA promoters, transcription and splicing. Nature. 
2016;539(7629):452-455.

	13.	 Aune TM, Crooke PS 3rd, Patrick AE, Tossberg JT, Olsen NJ, Spurlock 
CF 3rd. Expression of long non-coding RNAs in autoimmunity and 

https://orcid.org/0000-0003-2781-885X
https://orcid.org/0000-0003-2781-885X


     |  3559LIU et al.

linkage to enhancer function and autoimmune disease risk genetic 
variants. J Autoimmun. 2017;81:99-109.

	14.	 Zhai HY, Yan RH, Yang TZ, Zhou ZH, Gao L, Li J. LncRNA BCAR4 up-
regulates EGFR and thus promotes human thyrocyte proliferation. 
Neoplasma. 2019;66(2):222-231.

	15.	 Mishra S, Verma SS, Rai V, et al. Long non-coding RNAs are emerg-
ing targets of phytochemicals for cancer and other chronic dis-
eases. Cell Mol Life Sci. 2019;76(10):1947-1966.

	16.	 Wu GC, Hu Y, Guan SY, Ye DQ, Pan HF. Differential plasma expres-
sion profiles of long non-coding RNAs reveal potential biomarkers 
for systemic lupus erythematosus. Biomolecules. 2019;9(6):206.

	17.	 Haywood MEK, Rose SJ, Horswell S, et al. Overlapping BXSB con-
genic intervals, in combination with microarray gene expression, re-
veal novel lupus candidate genes. Genes Immun. 2006;7(3):250-263.

	18.	 Johanneson B, Lima G, von Salome J, Alarcon-Segovia D, Alarcon-
Riquelme ME. A major susceptibility locus for systemic lupus 
erythemathosus maps to chromosome 1q31. Am J Hum Genet. 
2002;71(5):1060-1071.

	19.	 Shen N, Liang D, Tang Y, de Vries N, Tak PP. MicroRNAs–novel reg-
ulators of systemic lupus erythematosus pathogenesis. Nature re-
views. Rheumatology. 2012;8(12):701-709.

	20.	 Wu X-N, Ye Y-X, Niu J-W, et al. Defective PTEN regulation contrib-
utes to B cell hyperresponsiveness in systemic lupus erythemato-
sus. Sci Transl Med. 2014;6(246):246ra99.

	21.	 Thanassoulis G, Campbell CY, Owens DS, et al. Genetic associations 
with valvular calcification and aortic stenosis. The N Engl J Med. 
2013;368(6):503-512.

	22.	 Zhang T-P, Zhang Q, Wu J, et al. The expression levels of long non-
coding RNAs lnc0640 and lnc5150 and its gene single-nucleotide 
polymorphisms in rheumatoid arthritis patients. J Cell Biochem. 
2018;119(12):10095-10106.

	23.	 Fan Z, Chen X, Liu L, et al. The polymorphism rs13259960 in SLEAR 
predisposes to systemic lupus erythematosus. Arthritis Rheumatol. 
Jan 12 2020;72(6):985–996.

	24.	 Hochberg MC. Updating the American College of Rheumatology 
revised criteria for the classification of systemic lupus erythemato-
sus. Arthritis Rheum. 1997;40(9):1725.

	25.	 Li J, Wu G-C, Zhang T-P, et al. Association of long noncoding RNAs 
expression levels and their gene polymorphisms with systemic 
lupus erythematosus. Sci Rep. 2017;7(1):15119.

	26.	 Zhang Y, Cao X. Long noncoding RNAs in innate immunity. Cell Mol 
Immunol. 2016;13(2):138-147.

	27.	 Bonasio R, Shiekhattar R. Regulation of transcription by long non-
coding RNAs. Annu Rev Genet. 2014;48:433-455.

	28.	 Smith CM, Steitz JA. Classification of gas5 as a multi-small-
nucleolar-RNA (snoRNA) host gene and a member of the 5'-terminal 
oligopyrimidine gene family reveals common features of snoRNA 
host genes. Mol Cell Biol. 1998;18(12):6897-6909.

	29.	 Schneider C, King RM, Philipson L. Genes specifically expressed at 
growth arrest of mammalian cells. Cell. 1988;54(6):787-793.

	30.	 Hu L, Ye H, Huang G, et al. Long noncoding RNA GAS5 suppresses 
the migration and invasion of hepatocellular carcinoma cells via 
miR-21. Tumor Biol. 2016;37(2):2691-2702.

	31.	 Ni W, Yao SU, Zhou Y, et al. Long noncoding RNA GAS5 inhibits 
progression of colorectal cancer by interacting with and triggering 
YAP phosphorylation and degradation and is negatively regulated 
by the m(6)A reader YTHDF3. Mol Cancer. 2019;18(1):143.

	32.	 Mourtada-Maarabouni M, Pickard MR, Hedge VL, Farzaneh F, 
Williams GT. GAS5, a non-protein-coding RNA, controls apoptosis and 
is downregulated in breast cancer. Oncogene. 2009;28(2):195-208.

	33.	 Pickard MR, Mourtada-Maarabouni M, Williams GT. Long non-
coding RNA GAS5 regulates apoptosis in prostate cancer cell lines. 
Biochem Biophys Acta. 2013;1832(10):1613-1623.

	34.	 Tao R, Hu S, Wang S, et al. Association between indel polymor-
phism in the promoter region of lncRNA GAS5 and the risk of hepa-
tocellular carcinoma. Carcinogenesis. 2015;36(10):1136-1143.

	35.	 Zhu L, Zhu Q, Wen H, Huang X, Zheng G. Mutations in GAS5 affect 
the transformation from benign prostate proliferation to aggressive 
prostate cancer by affecting the transcription efficiency of GAS5. J 
Cell Physiol. 2019;234(6):8928-8940.

	36.	 Li QJ, Ma G, Guo HM, Sun SH, Xu Y, Wang BJ. The variant 
rs145204276 of GAS5 is associated with the development and prog-
nosis of gastric cancer. J Gastrointestin Liver Dis. 2018;27(1):19-24.

	37.	 Wu J, Zhang T-P, Zhao Y-L, et al. Decreased H19, GAS5, and linc0597 
expression and association analysis of related gene polymorphisms 
in rheumatoid arthritis. Biomolecules. 2020;10(1):55.

	38.	 Mahdi Eftekharian M, Noroozi R, Komaki A, Mazdeh M, Taheri M, 
Ghafouri-Fard S. GAS5 genomic variants and risk of multiple sclero-
sis. Neurosci Lett. 2019;701:54-57.

	39.	 Lucafò M, Di Silvestre A, Romano M, et al. Role of the long non-
coding RNA growth arrest-specific 5 in glucocorticoid response 
in children with inflammatory bowel disease. Basic Clin Pharmacol 
Toxicol. 2018;122(1):87-93.

	40.	 Li J, Tian J, Lu J, et al. LncRNA GAS5 inhibits Th17 differentiation 
and alleviates immune thrombocytopenia via promoting the ubiq-
uitination of STAT3. Int Immunopharmacol. 2020;80:106127.

	41.	 Wei G-J, Yuan M-Q, Jiang L-H, et al. A genetic variant of miR-34a 
contributes to susceptibility of ischemic stroke among Chinese 
population. Front Physiol. 2019;10:432.

	42.	 Yan S, Wang P, Wang J, et al. Long non-coding RNA HIX003209 
promotes inflammation by sponging miR-6089 via TLR4/NF-
kappaB signaling pathway in rheumatoid arthritis. Front Immunol. 
2019;10:2218.

	43.	 Deng Y, Luan S, Zhang Q, Xiao Y. Long noncoding RNA THRIL con-
tributes in lipopolysaccharide-induced HK-2 cells injury by spong-
ing miR-34a. J Cell Biochem. 2019;120(2):1444-1456.

	44.	 Li J, Jiang K, Zhao F. Icariin regulates the proliferation and apoptosis 
of human ovarian cancer cells through microRNA-21 by targeting 
PTEN, RECK and Bcl-2. Oncol Rep. 2015;33(6):2829-2836.

	45.	 Meng F, Henson R, Wehbe-Janek H, Ghoshal K, Jacob ST, Patel 
T. MicroRNA-21 regulates expression of the PTEN tumour sup-
pressor gene in human hepatocellular cancer. Gastroenterology. 
2007;133(2):647-658.

SUPPORTING INFORMATION
Additional supporting information may be found online in the 
Supporting Information section.

How to cite this article: Liu C-H, Lu Y-L, Huang H-T, et al. 
Association of LncRNA-GAS5 gene polymorphisms and 
PBMC LncRNA-GAS5 level with risk of systemic lupus 
erythematosus in Chinese population. J Cell Mol Med. 
2021;25:3548–3559. https://doi.org/10.1111/jcmm.16438

https://doi.org/10.1111/jcmm.16438

