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Abstract. The present study aimed to assess the expression of 
growth arrest‑specific 5 (GAS5) and microRNA (miR)‑21 in 
systemic lupus erythematosus (SLE), and attempted to explore 
their association with clinical features. CD4+ T cells were 
isolated from peripheral blood of healthy donors and SLE 
patients by magnetic‑activated cell sorting. GAS5 and miR‑21 
expression levels in cluster of differentiation (CD)4+ T cells 
were measured by reverse‑transcription quantitative poly-
merase chain reaction. The results revealed that GAS5 and 
miR‑21 levels were significantly elevated in CD4+ T cells of 
patients with SLE compared with those in control subjects 
(P<0.05). Regarding clinical features, SLE patients with 
ulceration had higher GAS5 expression levels in CD4+ T cells 
than those without ulceration (P<0.05), and the expression 
of miR‑21 was significantly higher in CD4+ T cells of SLE 
patients with low levels of complement component 3 (C3) 
than in those with normal levels of complement C3 (P<0.05). 
In conclusion, GAS5 and miR‑21 in CD4+ T cells may serve as 
potential biomarkers for the diagnosis and monitoring of the 
progression of SLE.

Introduction

Systemic lupus erythematosus (SLE) is a multisystemic, 
chronic inflammatory autoimmune disease of unknown 
etiology. It is characterized by various pathogenic autoanti-
bodies and immune complexes as well as damage to multiple 
organ systems, and the course of SLE is long followed by 
remission and acute attack. The prevalence varies from 
31‑70/100,000 individuals in China and from 20‑70/100,000 

individuals worldwide. It is sex‑associated, occurring nine 
times more often in women than in men, particularly in 
women of child‑bearing age (15‑35 years) (1‑3). The interaction 
between certain genetic and environmental factors, including 
chemical factors, viruses and drugs, damages normal immune 
tolerance and contributes to SLE. Dysfunctional T  cells 
interact with new antigens constantly, leading to a persistent 
autoimmune reaction (4,5). Previous studies have confirmed 
that the abnormal activation and proliferation of self‑reactive 
cluster of differentiation (CD)4+ T lymphocytes have a central 
role in SLE. CD4+ T cells interact with antigen‑specific B cells, 
to make the latter ones become more effective and produce 
autoantibodies. In addition, CD4+ T cells produce various 
cytokines when they are activated, which may engender 
inflammatory reactions (6,7).

Long non‑coding RNAs (lncRNAs) are a class of non‑pro
tein‑coding RNA with transcripts longer than 200 nucleotides. 
They have numerous important biological functions through 
different molecular mechanisms, and are closely associated 
with a variety of clinical diseases, including tumors, metabolic 
disease and autoimmune diseases. Growth arrest‑specific 5 
(GAS5), a non‑coding gene that hosts a number of small nucle-
olar RNAs, has been suggested to have numerous important 
roles in apoptosis and cell growth inhibition. Previous studies 
have reported that human GAS5 was upregulated in osteoar-
thritis (OA) patients (8) and downregulated in certain cancer 
types, including breast cancer (9), renal cell carcinoma (10) and 
hepatocellular cancer (11). The GAS5 gene locus in the mouse 
BXSB strain has been linked to increased susceptibility to 
SLE (12). GAS5 competes with glucocorticoid (GC) response 
elements (GRE) by interacting with the DNA binding domain 
of glucocorticoid receptors (GRs). As GCs are potent immu-
nosuppressants, increased lncRNA GAS5 expression and 
activity in immune or immune‑accessory cells may suppress 
GC action and contribute to the development of autoimmune 
diseases (13,14).

MicroRNAs (miRNAs) are endogenous non‑coding 
single‑stranded RNAs of ~22 nucleotides in length, which 
regulate gene expression by targeting mRNA for cleavage 
or translational repression. miRNAs are involved in diverse 
biological processes, including cell growth, differentiation, 
apoptosis and the stability of the immune system. miR‑21 
was initially known as an ‘oncomiR’, as it was identified to 
be tightly associated with oncogenesis. Multiple studies have 
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identified that miR‑21 is overexpressed in numerous diseases, 
including breast (15), brain (16), esophageal (17) and gastric 
cancers (18), cardiovascular diseases (19) and autoimmunity 
diseases (20). However, to the best of our knowledge, studies 
relevant to GAS5 in CD4+ T cells of SLE patients are still 
lacking. The present study aimed to investigate whether the 
expression levels of GAS5 and miR‑21 in CD4+ T cells were 
abnormal in SLE patients, and the association of their levels 
with clinical manifestations was assessed in an attempt to 
identify novel molecular biomarkers involved in the pathogen-
esis of SLE.

Materials and methods

Patients and healthy controls. A total of 45 SLE patients 
(41  females, 4  males; age, 34.1±1.2  years; disease dura-
tion, 4.2±0.6 years) were recruited from the Rheumatology 
Department of Yijishan Hospital (Wuhu, China). All patients 
met the 1982 American College of Rheumatology classifica-
tion criteria for SLE. SLE activity was assessed using the 
SLE Disease Activity Index (SLEDAI‑2K) (21). Furthermore, 
30 control subjects (27 females, 3 males; age, 35.9±1.5 years) 
were frequency‑matched with the patients for age and 
sex. All participants were from of Han Chinese ethnicity. 
Clinical information on the patients is listed in Table I. The 
present study was approved by the Research Ethics Board 
of Yijishan Hospital Affiliated to Wannan Medical College 
(Wuhu, China). Written informed consent was obtained from 
all study participants.

Isolation of CD4+ T cells from peripheral blood and RNA 
processing. Peripheral blood samples were obtained from 
each subject. The samples were collected in tubes containing 
Heparin sodium. Peripheral blood mononuclear cells 
(PBMCs) were isolated from anticoagulated whole blood by 
use of Ficoll density gradient centrifugation. CD4+ T cells 
were pur if ied from PBMCs by magnetic‑activated 
cell sorting, according to the manufacturer's instructions. 
PBMCs were successively incubated with f luorescein 
isothiocyanate (FITC) mouse anti‑human CD4 antibody 
(BD Pharmingen, Franklin Lakes, NJ, USA) and anti‑FITC 
MicroBeads antibody (Miltenyi Biotec, Bergisch Gladbach, 
Germany). Cell suspension was applied onto a magnetic 
separation column (Miltenyi Biotec); CD4+ T cells remained 
in the column and were collected in buffer. The purity rate 
of the CD4+ T cells (typically 92%) was detected using flow 
cytometry. Total RNA was then extracted from CD4+ T cells 
using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). The concentration and purity 
of RNA were measured by SmartSpec™. Plus spectro-
photometry (A260:A280, >1.8) and the integrity of RNA 
was checked by agarose gel electrophoresis with ethidium 
bromide staining. The total RNA samples were kept at ‑80˚C 
prior to use.

Reverse transcription-quantitative polymerase chain reaction 
(RT‑qPCR) analysis. The RT reaction of GAS5 and miR‑21 
was performed using a Thermo Scientific RevertAid First 
Strand cDNA Synthesis kit (cat. no. k1622; Thermo Fisher 
Scientific, Inc.) and a miScript II RT kit (cat. no. 218161; 

Qiagen, Hilden, Germany). The RT reaction conditions for 
GAS5 were as follows: Initial incubation at 65˚C for 5 min, 
then at 42˚C for 50 min and 70˚C for 15 min. The RT condi-
tions for miR‑21 were 37˚C for 60 min, 95˚C for 5 min and a 
holding step on ice. The total complementary (c)DNA samples 
were kept at ‑20˚C before use.

PCR amplification of cDNA of GAS5 and miR‑21 was 
performed using the CFX96 real‑time system‑C1000 thermal 
cycler (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). 
Real‑time PCR of GAS5 and miR‑21 was performed in dupli-
cate or triplicate using a QuantiNova SYBR-Green PCR kit (cat. 
no.  208052), and a miScript SYBR-Green PCR kit (cat. 
no. 218073) (both from Qiagen), respectively. The following 
primers were used: GAS5 forward, 5'‑AGC​TGG​AAG​TTG​
AAA​TGG‑3' and reverse, 5'‑CAA​GCC​GAC​TCT​CCA​TAC​C‑3'; 
β‑actin forward, 5'‑TGA​CGT​GGA​CAT​CCG​CAA​AG‑3' and 
reverse, 5'‑CTG​GAA​GGT​GGA​CAG​CAG​GG‑3'. The catalogue 
numbers for the miR‑21 and U6 primers were MS00009079 and 
MS00033740 (both from Qiagen), respectively. The reaction 
conditions for GAS5 contained an initial heat activation step 
at 95˚C for 5 min, followed by 40 cycles of 95˚C for 15 sec and 
60˚C for 30 sec. Conditions for qPCR of miR‑21 were as follows: 
Initial heat activation at 95˚C for 15 min, followed by 40 cycles 
of 95˚C for 15 sec, 55˚C for 30 sec and 70˚C for 30 sec. The 
dissociation curves of the used primer pairs were generated to 
confirm a single peak. The mean of the quantification cycle (Cq) 
was calculated for the reactions. The expression of GAS5 was 
compared between patients and control subjects by normalizing 

Table I. Clinical features of patients with SLE.

	 SLE patients	 Control
Parameter	 (n=45)	 (n=30)

Age (years)	 34.1±1.2	 35.9±1.5
Sex (n)
  Female	 41	 27
  Male	 4	 3
Anti‑dsDNA (P/N)a	 20/23	‑
LN (P/N)	 23/22	 ‑
C3 levela

  <80 mg/dl	 25	 ‑
  ≥80 mg/dl	 17	 ‑
Disease duration (years)	 4.2±0.6	 ‑
SLEDAI‑2K score	 11.4±1.1	 ‑
Medical therapy		
  Prednisone dose ≥30 mg/day	 21	 ‑
  Prednisone dose <30 mg/day	 24	 ‑
  Immunosuppressants (P/N)b	 19/26	 ‑

aAs certain patients were not examined, the number listed for the 
feature is less than the total number of patients. bImmunosuppressants 
included cyclophosphamide, methotrexate, cyclosporine A, chloro-
quine, leflunomide and mycophenolate mofetil. Values are expressed 
as n or as the mean  ±  standard error of the mean. Anti‑dsDNA, 
anti‑double‑stranded DNA; LN, lupus nephritis; P/N, positive/nega-
tive; SLE, systemic lupus erythematosus; DAI, disease activity index.
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to β‑actin, and miR‑21 was normalized to U6. Relative quantifi-
cation was performed using the 2‑ΔΔCq method (22).

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism version  5.0 software (GraphPad 
Software, La Jolla, CA, USA). Values are expressed as the 
mean ± standard error of the mean. Differences in gene expres-
sion between two groups were assessed using a Mann‑Whitney 
U test. A two‑tailed P<0.05 was considered to indicate a statis-
tically significant difference.

Results

GAS5 and miR‑21 expression levels in CD4+ T cells of controls 
and SLE patients. CD4+ T cells obtained from 30 healthy donors 
and 45 SLE patients were isolated for gene expression analyses. 
The expression levels of GAS5 and miR‑21 in CD4+ T cells 
were evaluated by RT‑qPCR. Patients and control subjects 
were sex and age‑matched. The average disease duration of 
patients with SLE enrolled in the present study was 4.2 years, 
with a mean SLEDAI‑2K score of 11.4. Anti‑double‑stranded 
(ds)DNA, lupus nephritis (LN) and complement C3 levels are 
important indicators of SLE disease activity and assessed by 
SLEDAI‑2K. In the present study, 20 patients had anti‑dsDNA, 
23 patients had LN and 25 had low levels of complement C3. 
GCs and immunosuppressants are the two main types of drug 

for treating SLE. In the present study, 21 patients were treated 
with prednisone (dose, ≥30 mg/day) and 19 were treated with 
immunosuppressants (Table I). GAS5 and miR‑21 expression 
was significantly higher in patients with SLE than in healthy 
donors (P<0.05). These results indicated that higher expression 
of GAS5 and miR‑21 was specific for SLE and that GAS5 and 
miR‑21 may contribute to the pathogenesis of SLE (Fig. 1).

Association of GAS5 expression in CD4+ T cells and clinical 
features. SLE is a systemic autoimmune disease with various 
clinical features affecting various tissues. Certain clinical 
features are correlated with disease activity and progression. 
To investigate whether the expression of GAS5 in CD4+ T cells 
is associated with these clinical features (nephritis, arthritis, 
ulceration, pleurisy, rash, anti‑dsDNA and complement C3), 
SLE patients were divided into sets of two groups according 
to the presence or absence of these respective clinical features. 
Regarding GAS5 expression in each of these group pair sets, 
the levels of GAS5 were higher in patients with ulceration than 
in those without ulceration (P<0.05). However, there were no 
significant differences in GAS5 expression regarding other 
clinical features (nephritis, arthritis, pleurisy, rash, anti‑dsDNA 
and complement C3) (P>0.05; Fig. 2).

Association of miR‑21 expression in CD4+ T cells and clinical 
features. To investigate whether the expression of miR‑21 

Figure 1. GAS5 and miR‑21 expression in SLE patients. (A) GAS5 and (B) miR‑21 expression were significantly higher in SLE patients than in healthy donors. 
Values are expressed as the mean ± standard error of the mean. *P<0.05 vs. control. GAS5, growth arrest‑specific 5; miR, microRNA.

Figure 2. Expression of GAS5 in patients with different clinical features. (A) GAS5 was significant higher in patients with ulceration. However, no significant 
differences were found for (B) nephritis, (C) arthritis, (D) pleurisy, (E) rash, (F) anti‑double stranded DNA and (G) complement component 3. Values are 
expressed as the mean ± standard error of the mean. *P<0.05 vs. control. n.s., no significance; GAS5, growth arrest‑specific 5.
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in CD4+  T  cells is associated with the abovementioned 
clinical features, the relative expression levels of miR‑21 
in CD4+ T cells of SLE patients stratified by the presence 
or absence of these clinical features were compared. It was 
identified that the levels of miR‑21 in CD4+ T cells of patients 
with low levels of complement C3 were higher than in those 
with normal levels of complement C3 (P<0.05). There was no 
association between miR‑21 expression and any of the other 
clinical features, namely nephritis, arthritis, ulceration, pleu-
risy, rash and anti‑dsDNA (P>0.05; Fig. 3).

Discussion

SLE is an autoimmune disease with a complex and unpredict-
able course. It is known that GCs are still the first‑line drugs 
for SLE. However, chronic high‑dose hormone therapy may 
give rise to adverse events and GC resistance. Previous studies 
have demonstrated that aberrant expression and binding of the 
GR may be associated with GC resistance in SLE patients, 
and that it may be considered as a biomarker to personalize 
therapy (23,24). Little is known about the influence of GAS5 
on the susceptibility for SLE and its prevention. The present 
study detected for lncRNA GAS5 and miR‑21, and investigated 
the association between their expression levels and specific 
clinical features of SLE. The results revealed that GAS5 and 
miR‑21 levels were significantly elevated in patients with SLE 
compared with those in control subjects. The results regarding 
miR‑21 were consistent with those of a previous study (20). 
The results of the present study indicated that GAS5 and 
miR‑21 expressed in CD4+ T  cells were specific for SLE 
and may contribute to its pathogenesis. Among the clinical 
features of SLE, ulceration and complement C3 levels are two 
indicators of disease activity according to the SLE Disease 
Activity Index (SLEDAI‑2K). GAS5 levels in CD4+ T cells 
were identified to be higher in patients with ulceration than 
in those without ulceration, and miR‑21 levels in CD4+ T cells 
were higher in patients with low levels of complement C3 than 
in those with normal levels of complement C3.

To the best of our knowledge, the present study was the first 
to report an association of GAS5 and miR‑21 in CD4+ T cells 

with ulceration and complement C3 levels, respectively, in 
patients with SLE. Although the detailed mechanisms remain 
to be fully elucidated, GAS5 and miR‑21 levels in CD4+ T cells 
may be two key indicators of disease activity in patients with 
SLE. The levels of GAS5 in CD4+ T cells had an increasing 
trend in patients with pleurisy, rash, anti‑dsDNA and low 
complement C3, and the levels of miR‑21 in CD4+ T cells had 
an increasing trend in patients with arthritis, ulceration, pleu-
risy, rash and anti‑dsDNA; however, there was no significance. 
All of these results suggested that GAS5 and miR‑21 levels in 
CD4+ T cells may be useful for predicting the progression of 
SLE. It has been reported that lncRNA GAS5 was negatively 
regulated by miR‑21 in breast tumors, hepatocellular carci-
noma and osteoarthritis. GAS5 was also capable of suppressing 
miR‑21 through an lncRNA/miRNA interaction, implying a 
feedback loop between GAS5 and miR‑21 (8,25‑27). However, 
in the present study, GAS5 as well as miR‑21 were identi-
fied to be upregulated in the CD4+ T cells of SLE patients, 
which may be associated with different types of diseases and 
cells (8,28,29). In the CD4+ T cells of SLE patients, the func-
tion of GAS5 may be primarily dependent on glucocorticoids 
signaling pathways (13). Future study is required to clarify the 
association between GAS5 and miR‑21 in SLE.

GAS5 has been reported to be closely associated with various 
human diseases (8,28,30). GAS5 functions as a potential tumor 
suppressor and is downregulated in several types of cancer (28). 
GAS5 is also involved in the regulation of mammalian cell 
apoptosis and cell population growth (31‑33). The downregu-
lation of GAS5 protects T cell lines as well as untransformed 
human T‑lymphocytes (34). GAS5, a 5'‑terminal oligopyrimi-
dine RNA, whose translation is specifically controlled by the 
mammalian target of rapamycin pathway, is required for the 
inhibition of human T cell proliferation by rapamycin and 
its analogues (35). The function of GAS5 is dependent on its 
direct association with the GR protein; GAS5 binds to the 
GR through mimicking GRE and acts as a decoy GRE, thus 
blocking the upregulation of gene transcription. GR target genes 
are involved in apoptosis suppression, such as cellular inhibitor 
of apoptosis 2 and serum/GC‑regulated kinase 1, and inhibit 
the cell‑death executioners caspase‑3, ‑7 and ‑9. As GCs are 

Figure 3. Expression of miR‑21 in different clinical features. (A) miR‑21 was significant higher in patients with low level of complement component 3. And no 
significant difference was found in (B) nephritis, (C) arthritis, (D) ulceration, (E) pleurisy, (F) rash and (G) anti‑double stranded DNA. Values are expressed 
as the mean ± standard error of the mean. *P<0.05 vs. control. n.s., no significance; miR, microRNA.
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powerful immunosuppressants, most of the known biological 
actions of GCs are mediated by the GR. The present study 
identified that the GAS5 levels in SLE patients were higher than 
those in the control group, indicating that increased lncRNA 
GAS5 expression in CD4+ T cells suppressed GC action and 
contributed to the development of SLE (13,14).

Previous studies have suggested that miR‑21 functions 
as an anti‑apoptotic and pro‑survival factor in numerous 
cell types, and miR‑21 was the only miRNA upregulated in 
all of the tumor types analyzed  (29,36). Programmed cell 
death protein 4 (PDCD4), novel tumor suppressor gene, is a 
direct target gene of miR‑21. A previous study supported that 
the miR‑21/PDCD4 controlled pathway has a central role in 
SLE (37). Aberrant DNA methylation was also reported to be 
involved in the progression of SLE. The present study found 
that miR‑21 was overexpressed in CD4+ T cells from patients 
with SLE, which promoted cell hypomethylation by repressing 
DNA methyltransferase 1 expression, induced the overexpres-
sion of autoimmune‑associated methylation‑sensitive genes 
and mediated the pathogenesis of SLE (20).

In conclusion, the present study revealed that GAS5 and 
miR‑21 levels in CD4+ T cells were significantly elevated in 
patients with SLE compared with those in control subjects. 
Regarding the clinical features of SLE, the expression of 
GAS5 and miR‑21 in CD4+ T cells was associated with ulcer-
ation and low complement C3, respectively. GAS5 and miR‑21 
in CD4+ T cells may serve as two potential biomarkers for the 
diagnosis and prediction of the progression of SLE.
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