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Abstract: Objective: This study explored and analyzed the expression of LncRNA NEAT1 in peripheral blood mono-
nuclear cells (PBMCs) of patients with systemic lupus erythematosus (SLE) and its correlation with Th1/Th2 bal-
ance. Methods: We chose 97 SLE patients admitted in our hospital from Jun. 2016 to Feb. 2019 as SLE group,
and randomly selected 50 healthy volunteers that underwent physical examination in our hospital during the same
period as control group. We detected the expression of LncRNA NEAT1 in PBMCs of the two groups of subjects by
gRT-PCR, the degree of Th1 and Th2 cells in both groups by flow cytometry, and the expression of TFN-y and IL-4 in
both groups by ELISA. Results: The relative expression of LncRNA NEAT1 in PBMCs of SLE group was higher than
that of control group (P<0.05). The proportion of Th1 and the ratio of Th1/Th2 cells in PBMCs were markedly lower
in the SLE group than the control group (P<0.05), while the proportion of Th2 was higher in the SLE group than the
control group (P<0.05). IFN-y level in SLE group was much lower than the control group (P<0.05), while IL-4 level
was evidently higher in the SLE group than in controls (P<0.05). The expression of LncRNA NEAT1 in PBMCs of SLE
group was notably negatively correlated with Th1 proportion and Th1/Th2 ratio (P<0.05), while positively correlated
with Th2 proportion (P<0.05). Conclusion: LncRNA NEAT1 in PBMCs of SLE patients is abnormally highly expressed,
and this expression is negatively correlated with Th1/Th2 balance. These two factors may interact and jointly affect
the occurrence and progression of SLE.
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Introduction

Systemic lupus erythematosus (SLE) is an
autoimmune disease featuring the production
of extensive autoantibodies and the involve-
ment of multiple organs. The disease generally
occurs in women of childbearing age, and its
clinical manifestations are complex, affecting
major systems throughout the body, and posing
a serious threat to human health [1]. Currently,
the pathogenesis of SLE has not yet been com-
pletely clarified. A large number of studies have
shown that disorder of the regulatory function
in the immune system is tightly correlated with
disease occurrence [2]. Long non-coding RNA
(LncRNA) is associated with the occurrence of a
variety of immune inflammatory diseases, and
is expected to be a biological targets for the

diagnosis and treatment of immune diseases
[3, 4]. Long non-coding RNA (LncRNA) nuclear-
enriched abundant transcript 1 (NEAT1) exerts
a pivotal regulatory influence in immune re-
gulation. Studies have shown that the expres-
sion of LncRNA NEAT1 is up-regulated in sepsis
patients, owing to the increased risk of pa-
tients, disease progression, and intensifying
inflammation. It can reduce the survival rate of
patients, suggesting that it may perform a key
part in the occurrence and progression of infec-
tious immune system diseases [5, 6]. Currently,
there is a view that LncRNA is related to the
pathogenetic and regulatory mechanism of SLE
[7]. In this study, we explored the expression of
LncRNA NeAT1 in PBMCs of SLE patients and
its association with Th1/Th2 balance, which is
reported as follows.
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Cases and methods
Research objects

We chose 97 SLE subjects admitted in our hos-
pital from Jun. 2016 to Feb. 2019 as SLE group,
and randomly selected 50 healthy volunteers
that underwent physical examination in our
hospital during the same period as control
group. The experiment was carried out under
the authorization of hospital Ethics Committee.

Inclusion and exclusion criteria

Inclusion criteria: (1) SLE patients who met the
diagnostic criteria of SLE classification revised
by American College of Rheumatology (ACR) in
1997 [8]; (2) Patients aged between 18-60
years old; (3) Both groups of subjects were vol-
untarily signed the informed consent.

Exclusion criteria: (1) Those with other au-
toimmune illness such as severe infection,
Sjogren’s syndrome or rheumatoid arthritis; (2)
Patients with malignant tumor; (3) The control-
group subjects had no autoimmune diseases,
and their immediate relatives had not experi-
enced any autoimmune diseases. In addition,
no hormones or immunosuppressants were
used in the past 1 month.

Expression of LncRNA NEAT1 detected by qRT-
PCR

We collected early morning fasting venous
blood from two groups of subjects, placed in
heparin-free anticoagulant tubes, and sepa-
rated PBMCs by human Ficoll lymphocyte
separator (purchased from Beijing Solarbio
Science & Technology Co., Ltd.). We applied
Trizol reagent (purchased from Invitrogen, USA)
to extract the total RNA of PMBCs, determined
the concentration and purity of RNA by spe-
ctrophotometer, and selected those that have
high purity and were without DNA contamina-
tion or degradation for cDNA synthesis. The
whole extracting procedures were strictly han-
dled in accordance with the reagent instruc-
tions. Subsequently, by using the one-step
method with One Step RT-PCR Master Mix Kit
(purchased from Beijing Biolabo Technology
Co., Ltd.), we transcribed and synthesized the
cDNA. Using cDNA as template, the reaction
system was prepared on the basis of 2 x SYBR
Green PCR Master Mix, and PCR amplification
and detection were performed by gRT-PCR
instrument. The primers were synthesized by
Shanghai Shenggong Biological Engineering
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Co., Ltd. with sequence as follows: The for-
ward and reverse primers of LncRNA NEAT1
is 5-TGGCTAGCTCAGGGCTTTCAG-3’ and 5-
TCTCCTTGCCAAGCTTCCTTC-3’; and those of
GAPDH are 5-TGAACGGGAAGCTCACTGG-3
and 5-TCCACCACCCTGTTGCTGTA-3’, respec-
tively. By using GAPDH as the reference gene,
we calculated the relative expression level of
LncRNA NeAT1 by 2-25°T method.

Detection of Th1l and Th2 cell degree by flow
cytometry

We collected the early morning fasting venous
blood in two groups of objects for the isolation
of PBMCs, detected the Thl and Th2 cell
degree by flow cytometry (purchased from
Beckman, USA), and calculated the Th1/Th2
ratio. The specific operation method was given
previously [9].

Detection of IFN-y and IL-4 levels by ELISA

We collected the early morning fasting venous
blood in two groups of objects, separated the
blood serum, and detected the levels of IFN-y
and IL-4 with ELISA method. The operation
was carried out in strict accordance with kit
instructions. IFN-y Kit (Shanghai Biyuntian
Biotechnology Co., Ltd. No: PI511), IL-4 Kit
(Shanghai Biyuntian Biotechnology Co., Ltd. No:
P1618).

Statistical analysis

Data processing and analysis was conducted
by SPSS 23.0. The measurement data was
compared by t-test, the enumeration data was
compared by x?> test, and the correlation
between the parameter was performed by
Pearson correlation analysis. A statistically sig-
nificant difference was set at P<0.05. The
graphic software was Graphpad prism 9.0.

Results
Clinical data

There was no significant difference in gender,
age and BMI between the two groups (P>0.05)
(Table 1).

Expression of LncRNA NEAT1 in PBMCs of
both groups

The relative expression of LncRNA NEAT1 in
SLE group was critically higher than the control
group (P<0.05) (Table 2).
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Table 1. Comparison of clinical data between the two groups Discussion
of subjects
Man hogenic antibodi in-
Number Gender Age (vd., BMI (ke/m?, a y.pat ogg ic antibodies agai
Group —_— 2 - st their own tissue components are
of cases Male Female X *s) X t5s) .
produced during the occurrence
SLE group 97 69 28 35.42+6.30 23.17+3.28 and development of systemic lupus
Control group 50 31 19 36.01+8.36 23.64+3.45 erythematosus (SLE). These anti-
vx* . 1.266 0.480 0.809 bodies cause damage to target tis-
P - 0.261 0.632 0.420 sues, and lead to the involve-

Table 2. Expression of LncRNA NEAT1 in PBMCs of both

groups (X =s)

ment of multiple organ systems
[10]. Due to the poor sensitivity and
specificity of the current SLE bio-
markers, new biomarkers need to

Number of Relative expression

be developed [11]. In recent years,

Group P

cases of LncRNA NEAT1 the study of genetics, especially
SLE group 97 1.731+0.289 16.203 <0.05 the function of non-coding RNA in
Control group 50 1.028+0.142 rheumatic diseases, has become a

Table 3. Comparison of Th1 and Th2 cell percent between

two groups of subjects (X = s)

focus of researchers. Studies have
shown that miR-196a and miR-21
are differentially expressed in SLE
patients, and are closely associat-

Number ed with the activity of SLE [12, 13].
Group of cases Thl cells (%) Th2cells (%) Th1/Th2 The non-coding F{NA-“’]CRNA, that
SLE group 97 8.29+2.11 8.13+1.92 1.05+0.33 has the same regulatory function
Control group 50 12.3243.16 5.42+1.55 2.21+0.78 as mIiRNA, has also gradually
t R 9.206 8631 12.644 attracted attention [15, 16]. Ac-
P ; <0.05 <0.05 <0.05 cording to related studies, a large

Comparison of Th1l and Th2 cell degree be-
tween two groups

The proportion of Th1 and the ratio of Th1/Th2
cells in the SLE group were markedly lower
than in the control group (P<0.05), while the
proportion of Th2 was higher in the SLE group
than in controls (P<0.05) (Table 3 and Figure
1).

Comparison of IFN-y and IL-4 levels between
two groups of subjects

The IFN-y level in SLE group was markedly lower
than in controls (P<0.05), while the IL-4 level
was higher in the SLE group than in the control
group (P<0.05), as shown in Table 4.

Correlation analysis

The expression of LncRNA NEAT1 in the SLE
group was notably negatively correlated with
Thl proportion and Th1l/Th2 ratio (P<0.05),
while positively correlated with Th2 proportion
(P<0.05) (Table 5; Figure 2).
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number of LncRNAs can be regulat-
ed by miRNA or interact between
each other [17]. Since LncRNA itself can regu-
late and control the biologic functions of the
required cells, it has exerted a regulatory role in
growth, progression, differentiation, and apop-
tosis of cells [18, 19].

LncRNA is a eukaryotic RNA without coding
function, and its length exceeds 200 nucleo-
tides [20]. Compared with short-stranded non-
coding RNA, LncRNA is prone to mutations in
its sequence, and its position on the chromo-
some is stable, so its function is highly con-
served [21]. The correlation between LncRNA
and SLE has been confirmed with the continu-
ous development of genome-wide association
analysis, and studies have also shown that mul-
tiple gene loci are associated with the patho-
genesis of SLE [22]. LncRNA is = expressed in
the nucleus, which is not only involved in the
occurrence and progression of tumors, but
also participates in immune regulation and
imposes crucial regulatory function over the
immune response [23]. Studies have found [24]
that the LncRNA NEAT1 expression level is sub-
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Figure 1. Percentages of Th1l and Th2 cells were detected by flow cytometry. Note: A1: Th1 cells in SLE group; A2:
Th1 cells in control group; B1: Th2 cells in SLE group; B2: Th2 cells in control group.

Table 4. Comparison of IFN-y and IL-4 levels
between two groups of subjects (X * s)

Number

Group of cases IFN-y (ug/L) IL-4 (ng/L)
SLE group 97 31.68+4.29 65.48+21.52
Control group 50 59.82+13.39 20.19+4.20
t - 18.947 14.714

P - <0.05 <0.05

stantially increased during tuberculosis infec-
tion with Mycobacterium tuberculosis, and is
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related to the progression and outcome of
tuberculosis. It is considered that LncRNA
NEAT1 might be involved in the immune regula-
tion of tuberculosis, and contribute to its diag-
nosis and treatment. In addition, reports have
shown [25] that LncRNA NEAT1 is overex-
pressed in the PBMCs of patients with HIV-1. It
may interact and jointly affect the progression
of the disease, thus it making it a possible bio-
marker of HIV-1 infection. The above studies
have confirmed that LhcRNA NEAT1 may pro-
duce a marked regulatory effect in immune-
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Table 5. Correlation between LncRNA NEAT1 expression and Th1/

Th2 balance in SLE patients

Th2 ratio in PBMCs of the
SLE group were markedly

lower than in the control gro-

Index Statistical index  Thlcells Th2cells Th1/Th2 .
LncRNA NEAT1 r 0.488 0.604 up (P<0.05), while the Th2
proportion was higher in the
P <0.05 <0.05

r=-0.488, P=0.000

.
(4
15 * L f': .

°2 p 0@

r=0.444, P=0.000

SLE group than in controls.
The IFN-y level in the SLE
group was markedly lower
than in the control group,
while the IL-4 level was evi-
dently higher in the SLE gro-
up than in controls. IFN-y,
which is primarily secreted by
Th1 cells, stimulates antigen

< 10 o* 2
(53 e S
> §% oM. .
54 ) . x $ - 5
.
0 T T T T 1 0 T T
00 05 10 15 20 25 0.0 05 15 20 25

LncRNA NEAT1

5 I=-0.604, P=0.000

T T
0.0 0.5 1.0 1.5 2.0 25
LncRNA NEAT1

related diseases, and is likely to be a target for
diagnosis and treatment of immune diseases.
This study explored and discussed the correla-
tion between LncRNA NEAT1 expression and
Th1/Th2 balance in PBMCs of SLE patients.
The results elaborated that the relative expres-
sion level of LncRNA NEAT1 in PBMCs of SLE
group was critically higher than in the control
group, suggesting that LncRNA NEAT1 is over-
expressed in the progression of SLE.

Th1/Th2 keeps a balanced state in the body
under normal physiologic conditions, and once
the secondary balance is broken, it can trigger
an abnormal immune response to force the
body into apathological state [26]. Studies
have reported that the function of auxiliary T
lymphocyte subsets is extremely active in SLE
patients, while the inhibitory T lymphocyte
function is reduced. As a result, patients have
an imbalance Th1/Th2, and such imbalance is
closely connected with the occurrence and
progression of SLE [27]. This clinical view gen-
erally considers that a shift of the Th1/Th2 cell
balance to Th2 is one of the key processes in
the pathogenesis of SLE [28]. This research
results showed that Thl proportion and Thl/
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LncRNA NEAT1

Figure 2. Correlation analy- ) .
ses of LNncRNA NEATA. effect in the inflammatory

T 1 presentation, and activates
CD4* T lymphocytes to en-
able monocyte macrophages
exerting an immune respon-
se. IL-4, secreted by Th2 cells
and natural Killer cells, exerts
a crucial pro-inflammatory

response [29]. This study’s
conclusions are in line with
related reports [30], that an
imbalance of Thl/Th2 exists
in the pathogenesis of SLE.
In addition, the correlation analysis showed th-
at the expression of LncRNA NEAT1 in PBMCs
of the SLE group was notably negatively corre-
lated with Th1 proportion and Th1/Th2 ratio,
while positively correlated with the Th2 propor-
tion. This suggests that that LncRNA NEAT1
may exert an influence in progression of SLE
through its balanced interaction with Th1/Th2.

Studies [31] have revealed that LncRNA NEAT1
exerts a crucial regulatory role in immune-relat-
ed diseases. This study further confirmed a
connection between the mechanism of Lnc-
RNA NEAT1 in SLE and the Th1/Th2 balance,
which may be an important mechanism of
LncRNA NeAT1 that affects SLE. To conclude,
LncRNA NEAT1 in PBMCs of SLE patients is
abnormally highly expressed, and this expres-
sion is negatively correlated with the Th1/Th2
balance. These two factors may interact and
jointly affect the occurrence and progression of
SLE.

Disclosure of conflict of interest
None.

Address correspondence to: Xianming Mo, De-
partment of Rheumatology and Immunology, West

Int J Clin Exp Pathol 2021;14(5):646-652



Expression of LncRNA NEAT1 in patients with systemic lupus erythematosus

China Hospital, Sichuan University, Chengdu
610041, Sichuan, China; Laboratory of Stem Cell
Biology, State Key Laboratory of Biotherapy, West
China Hospital, Sichuan University and Collaborative
Innovation Center for Biotherapy, No. 37 Guoxue
Alley, Chengdu 610041, Sichuan, China. Tel: +86-
18382095586; E-mail: xmingmoscu@sina.com

References

[1] Dorner T and Furie R. Novel paradigms in sys-
temic lupus erythematosus. Lancet 2019;
393:2344-2358.

[2] Wang Y, Chen S, Chen S, Du J, Lin J, Qin H,
Wang J, Liang J and Xu J. Long noncoding RNA
expression profile and association with SLEDAI
score in monocyte-derived dendritic cells from
patients with systematic lupus erythematosus.
Arthritis Res Ther 2018; 20: 138.

[3] Muhammad Yusoff F, Wong KK and Mohd
Redzwan N. Thi, Th2, and Th17 cytokines in
systemic lupus erythematosus. Autoimmunity
2020; 53: 8-20.

[4] Brewer BN and Kamen DL. Gastrointestinal
and hepatic disease in systemic lupus erythe-
matosus. Rheum Dis Clin North Am 2018; 44:
165-175.

[5] Shaban A and Leira EC. Neurological complica-
tions in patients with systemic lupus erythema-
tosus. Curr Neurol Neurosci Rep 2019; 19: 97.

[6] Wu GC, LiJ, Leng RX, Li XP, Li XM, Wang DG,
Pan HF and Ye DQ. Identification of long non-
coding RNAs GAS5, 1inc0597 and Inc-DC in
plasma as novel biomarkers for systemic lupus
erythematosus. Oncotarget 2017; 8: 23650-
23663.

[71 Chen L, Niu Q, Huang Z, Yang B, Wu Y and
Zhang J. IKZF1 polymorphisms are associated
with susceptibility, cytokine levels, and clinical
features in systemic lupus erythematosus.
Medicine (Baltimore) 2020; 99: €e22607.

[8] Hochberg MC. Updating the American College
of rheumatology revised criteria for the classifi-
cation of systemic lupus erythematosus. Ar-
thritis Rheum 1997; 40: 1725.

[9] LilJ, WuGC, Zhang TP, Yang XK, Chen SS, Li LJ,
Xu SZ, Lv TT, Leng RX, Pan HF and Ye DQ. As-
sociation of long noncoding RNAs expression
levels and their gene polymorphisms with sys-
temic lupus erythematosus. Sci Rep 2017; 7:
15119.

[10] Sawada T, Fujimori D and Yamamoto Y. Sys-
temic lupus erythematosus and immunodefi-
ciency. Immunol Med 2019; 42: 1-9.

[11] Bortoluzzi A, Silvagni E, Furini F, Piga M and Go-
voni M. Peripheral nervous system involve-
ment in systemic lupus erythematosus: a re-
view of the evidence. Clin Exp Rheumatol
2019; 37: 146-155.

651

[12]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

Durcan L, O'Dwyer T and Petri M. Management
strategies and future directions for systemic
lupus erythematosus in adults. Lancet 2019;
393: 2332-2343.

Oku K and Atsumi T. Systemic lupus erythema-
tosus: nothing stale her infinite variety. Mod
Rheumatol 2018; 28: 758-765.
Ocampo-Piraquive V, Nieto-Aristizabal |, Canas
CA and Tobén GJ. Mortality in systemic lupus
erythematosus: causes, predictors and inter-
ventions. Expert Rev Clin Immunol 2018; 14:
1043-1053.

Dammacco R. Systemic lupus erythematosus
and ocular involvement: an overview. Clin Exp
Med 2018; 18: 135-149.

Fischer-Betz R and Specker C. Pregnancy in
systemic lupus erythematosus and antiphos-
pholipid syndrome. Best Pract Res Clin Rheu-
matol 2017; 31: 397-414.

Udompanich S, Chanprapaph K and Suchon-
wanit P. Hair and scalp changes in cutaneous
and systemic lupus erythematosus. Am J Clin
Dermatol 2018; 19: 679-694.

Gatto M, Saccon F, Zen M, laccarino L and
Doria A. Preclinical and early systemic lupus
erythematosus. Best Pract Res Clin Rheumatol
2019; 33: 101422.

Fortuna G and Brennan MT. Systemic lupus
erythematosus: epidemiology, pathophysiolo-
gy, manifestations, and management. Dent
Clin North Am 2013; 57: 631-655.

Tarvin SE and O’Neil KM. Systemic lupus ery-
thematosus, sjogren syndrome, and mixed
connective tissue disease in children and ado-
lescents. Pediatr Clin North Am 2018; 65: 711-
737.

Ceccarelli F, Perricone C, Cipriano E, Massaro
L, Natalucci F, Capalbo G, Leccese |, Bogdanos
D, Spinelli FR, Alessandri C, Valesini G and
Conti F. Joint involvement in systemic lupus
erythematosus: from pathogenesis to clinical
assessment. Semin Arthritis Rheum 2017; 47:
53-64.

Harry O, Yasin S and Brunner H. Childhood-
Onset systemic lupus erythematosus: a review
and update. J Pediatr 2018; 196: 22-30.
lllescas-Montes R, Corona-Castro CC, Mel-
guizo-Rodriguez L, Ruiz C and Costela-Ruiz VJ.
Infectious processes and systemic lupus ery-
thematosus. Immunology 2019; 158: 153-
160.

Gurevitz SL, Snyder JA, Wessel EK, Frey J and
Williamson BA. Systemic lupus erythemato-
sus: a review of the disease and treatment op-
tions. Consult Pharm 2013; 28: 110-121.
Gergianaki |, Bortoluzzi A and Bertsias G. Up-
date on the epidemiology, risk factors, and dis-
ease outcomes of systemic lupus erythemato-
sus. Best Pract Res Clin Rheumatol 2018; 32:
188-205.

Int J Clin Exp Pathol 2021;14(5):646-652


mailto:xmingmoscu@sina.com

Expression of LncRNA NEAT1 in patients with systemic lupus erythematosus

[26] Howe HS and Leung BPL. Anti-cytokine autoan-

[27]

(28]

[29]

652

tibodies in systemic lupus erythematosus.
Cells 2019; 9: 72.

Bakshi J, Segura BT, Wincup C and Rahman A.
Unmet Needs in the pathogenesis and treat-
ment of systemic lupus erythematosus. Clin
Rev Allergr Immunol 2018; 55: 352-367.
Marder W. Update on pregnancy complications
in systemic lupus erythematosus. Curr Opin
Rheumatol 2019; 31: 650-658.

Kourti M, Sokratous M and Katsiari CG. Regu-
lation of microRNA in systemic lupus erythe-
matosus: the role of miR-21 and miR-210.
Mediterr J Rheumatol 2020; 31: 71-74.

[30] Yuan S, Tang C, Chen D, Li F, Huang M, Ye J, He

(31]

Z, Li W, ChenY, Lin X, Wang X and Cai X. miR-
98 modulates cytokine production from hu-
man PBMCs in systemic lupus erythematosus
by targeting IL-6 mRNA. J Immunol Res 2019;
2019: 9827574.

Zhang P, Cao L, Zhou R, Yang X and Wu M. The
IncRNA neatl promotes activation of inflam-
masomes in macrophages. Nat Commun
2019; 10: 1495.

Int J Clin Exp Pathol 2021;14(5):646-652



