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LncRNA RUNX1-IT1 affects the differentiation of Th1 cells by regulating NrCAM 
transcription in Graves’ disease
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ABSTRACT
Graves’ disease (GD) is a kind of autoimmune diseases. The development of GD is closely related 
to the imbalance of Th1/Th2 generated by the differentiation of CD4+ T cells. This study was 
sought to clarify the role of lncRNA RUNX1-IT1 and explore the mechanism of its function. The 
expressions of RUNX1-IT1 and Neural cell adhesion molecule (NrCAM) in the peripheral blood of 
GD patients were detected by qRT-PCR and Western blot. We performed RNA pull down, RIP, and 
ChIP experiments to verify the correlation between p53 and RUNX1-IT1, p53 and NrCAM. The 
levels of Th1 cells differentiation markers were detected by Flow cytometry assay and ELISA. The 
expressions of lncRNA RUNX1-IT1 and NrCAM were most significantly up-regulated in CD4+ T cells 
of GD patients, and NrCAM expression was significantly positively correlated with RUNX1-IT1 
expression. Furthermore, p53 was a potential transcription factor of NrCAM, which could interact 
with NrCAM. NrCAM level was up-regulated after the overexpression of p53 in CD4+ T cells, while 
knockdown of RUNX1-IT1 reversed this effect. Down-regulation of NrCAM and RUNX1-IT1 could 
decrease the mRNA and protein levels of transcriptional regulator T-bet and CXC chemokine 
ligand 10 (CXCL10) in CD4+ T cells. Our results suggested that RUNX1-IT1 regulated the expres
sions of the important Th1 factor T-bet, CXCL10, and interferon γ (IFN-γ) by regulating NrCAM 
transcription, thus participating in the occurrence and development of specific autoimmune 
disease GD.
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1 Introduction

Autoimmune thyroid disease (AITD) includes GD 
and Hashimoto’s thyroiditis (HT), among which 
Graves’ disease (GD) is a kind of autoimmune 
diseases that can affect thyroid function [1]. The 
incidence of GD is about 0.5% in males and 3.0% 
in females, and other patients with autoimmune 
diseases such as rheumatoid arthritis (RA) also 
have a high incidence of this disease [2]. GD can 
lead to the dysfunction of suppressor T cells (TS) 
and directed differentiation of helper T cells (TH), 
so that humoral immunity and cellular immunity 
interact, and stimulate B cells to produce thyroid- 
stimulating receptor antibodies, thus leading to 
hyperthyroidism [3]. In recent years, there have 
been many studies on the mechanism of Th1 cells 
and Th2 cells in autoimmune diseases. Currently, 
it has been confirmed that GD is closely related to 
the imbalance of Th1/Th2 generated by the differ
entiation of CD4+ T cells [4]. However, the bias of 

Th1/Th2 balance still remains controversial. 
Therefore, the role of Th1/Th2 equilibrium in 
GD needs to be further explored in the future.

LncRNAs are non-coding RNAs with over 200 
nucleotides, and their biological functions are 
complex. In recent years, the effects of lncRNAs 
on cell differentiation have been preliminarily 
studied [5]. LncRNAs have been found to play 
an important role in regulating the activation and 
differentiation of Th1 cells and Th2 cells [6]. 
Under normal conditions, the immune function 
of Th1/Th2 cells is in dynamic balance. It is 
generally believed that Th1 type reaction can 
enhance the host’s immune defense against virus 
and intracellular pathogen infection, while Th2 
type reaction is associated with the progression, 
persistence and chronic infection. Once this equi
librium state is broken, the body will be unable to 
maintain the normal immune function, and then 
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a variety of related diseases will occur. Evidence 
shows that lncRNAs are involved in the patho
genesis of systemic lupus erythematosus (SLE), 
RA, Crohn’s disease (CD), multiple sclerosis, 
AITD and other autoimmune diseases [7–9]. In 
addition, studies have shown that lncRNA 
MALAT1 can significantly influence the expres
sions of Th1/Th2-related cytokines by regulating 
the differentiation of CD4+ T cells [10]. Clinical 
data showed that high thyrotropin receptor anti
body (TRAb) concentration decreased by 
approximately 50% during treatment in 20 
patients with GD, and lncRNA Heg was nega
tively correlated with GD marker TRAb [11]. 
Even so, lncRNAs that related to the occurrence 
and development of GD have not been fully 
developed yet. AITD is an organ-specific autoim
mune disease which involving the thyroid gland, 
while RA is an autoimmune disease involving the 
joints of the whole body. Current evidence sug
gests that human leukocyte antigen-DR (HLA- 
DR) plays an important role in RA, while AITD 
may be initially stimulated to produce interferon 
(IFN)-γ locally in the thyroid, which then stimu
lates the production of HLA-DR. This study also 
showed that the incidence of HT and GD in RA 
patients was 8.6% and 2.7%, respectively, indicat
ing that RA and AITD had a common pathogen
esis basis [12]. Based on the similarities in 
immunogenetics and serology between RA and 
AITD, public RA chip dataset was selected for 
exploring GD-related lncRNAs in this study.

In clinical samples, we found that neural cell 
adhesion molecule (NrCAM) expression was sig
nificantly up-regulated in CD4+ T cells of GD 
patients. Based on the fact that NrCAM and TH 
cells both can participate in the development of 
axons [13,14], we hypothesized that NrCAM 
might be associated with TH cell differentiation. 
NrCAM belongs to the immunoglobulin super
family, which participates in cell adhesion, and 
plays an important role in the nervous system 
[14]. In recent years, studies have found that 
NrCAM expression significantly increases in 
papillary thyroid carcinoma (PTC), and then 
NrCAM binds to epidermal growth factor recep
tor (EGFR) and α4β1 integrin through extracel
lular folding, thereby activating MAPK/Erk and 
PI3K/Akt pathways, inhibiting cell apoptosis, 

and promoting proliferation, migration, and 
invasion of papillary thyroid cancer cells [15,16].

In this study, we intended to analyze the dif
ferentially expressed lncRNAs in GD patients 
through bioinformatics analysis. Furthermore, 
we investigated how lncRNAs affect the function 
of CD4+ T cells, thus providing a new research 
direction for the clinical treatment of GD.

2 Materials and methods

2.1 Healthy individuals and GD patients

The patients with GD (n = 30) in The First 
Affiliated Hospital of Zhengzhou University 
were selected as study subjects, who were not 
treated after initial diagnosis. The clinical diag
nosis basis of GD is as follows: hypermetabolic 
syndrome, diffuse goiter, high-free triiodothyr
onine (FT3) and free thyroxine (FT4) levels, 
low sensitive thyroid stimulating hormone 
(TSH) level, and TRAb level. Healthy controls 
(n = 30) with standardized levels of smoking 
status, thyroid autoantibodies levels, and thyr
oid function were recruited from The First 
Affiliated Hospital of Zhengzhou University. 
The comparison of clinical characteristics 
between GD group and healthy control group 
is shown in Table 1. All patients had signed 
informed consent prior to the study. All proce
dures complied with the ethical standards of the 
institutional and national research committees 
and the Declaration of Helsinki. Protocols in 
the study were approved by the Medical Ethics 
Committee of The First Affiliated Hospital of 
Zhengzhou University. All participants pro
vided written informed consent.

2.2 Isolation of peripheral blood mononuclear 
cells

Peripheral blood samples were taken from GD 
patients and healthy controls, followed by antic
oagulation with heparin, and then diluted with 
phosphate buffer saline (PBS). The cell suspension 
was centrifuged at 2000 r/min for 20 min to collect 
peripheral blood mononuclear cells, and the pre
cipitation was re-suspended in RPMI1640 culture 

922 F.-J. HUANG ET AL.



medium (Invitrogen) containing fetal bovine 
serum (FBS).

2.3 Cell culture

Human CD4+ T cells were isolated by Dynabeads 
FlowComp Human CD4 Kit (ThermoFisher) 
according to the manufacturer’s instructions. 
Human CD4+ T cells were cultured in RPMI1640 
medium (Invitrogen) supplemented with 12% FBS 
at 37°C. HEK293T cells were purchased from the 
Shanghai Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). HEK293T cells were 
cultured in Dulbecco’s Minimum Essential 
Medium (DMEM) high glucose medium contain
ing 10% (v/v) FBS and 1% penicillin/streptomycin 
(Thermo Fisher Scientific) at 37°C with 5% CO2.

2.3 Cell transfection

The sh-p53, sh-NrCAM, sh-RUNX1-IT1, pc-p53, 
pcDNA-NrCAM, pc-RUNX1-IT1, and their corre
sponding negative controls were all purchased 
from GenePharma. Lipofectamine 2000 transfec
tion reagent (Invitrogen), and was used for trans
fection according to the manufacturer’s 
instruction. CD4+ T cells and HEK293T cells 
were plated in a 24-well plate with growth medium 
for 48 h. The transfection efficiency was examined 
using quantitative real-time PCR.

2.4 Quantitative real-time PCR (qRT-PCR)

Total RNA from each sample was isolated using 
the Trizol reagent (Vigorous Biotech), and then 
reverse transcribed into cDNA using cDNA 
Synthesis Kit (Takara). QRT-PCR assay was used 
to validate the levels of mRNAs and lncRNAs in 
CD4+ T cells from GD patients and healthy 

controls, which performed on the ABI 7500 Fast 
Real-Time PCR System. QRT-PCR reaction was in 
20 μL reaction volumes containing cDNA, pri
mers, and SYBR Green Real-time PCR Master 
Mix (Roche). PCR cycle conditions were set as 
follows: 94°C for 10 min; 50 cycles were amplified 
at 94°C for 20 s and 60°C for 1 min. 95°C for 15 s, 
60°C for 1 min, 95°C for 15 s. The 2−ΔΔCt method 
was used to access the relative RNA expression 
levels [17]. ACTB was used as an internal refer
ence. The specific primers are presented as follows:

RUNX1-IT1:
F: 5’-GAGGAAATTAGCAGAGCGATTGG-3’
R: 5’-TCATGCCTCCTGTTCTTGACA-3’)
KC6:
F: 5’-ACCTGATGGTGACAGCTTGG-3’
R: 5’-GCCACTTATGGATGGAGGGG-3’
AC000061.1:
F: 5’-CAGTGCCAGTGATAGTGGCTT-3’
R: 5’-TCGCACATTCACTGTCATACCT-3’
RP11-109K15:
F: 5’-ACCAGTAGAACGAAGCCTTGA-3’
R: 5’-TCCTGGGCATTGAAGCAGTT-3’
PRKG1-AS1:
F: 5’-CCAGCGAGCGTTATAGCAGA-3’
R: 5’-TTTGCAGAGCCTATCACCCC-3’
NrCAM:
F: 5’-ACAACTGTGGATGAAGCTGG-3’
R: 5’-TTGGCATAGGTCTCAGCAGC-3’
T-bet:
F: 5’-TGTGCTCCAGTCCCTCCATA-3’
R: 5’-TCACGGCAATGAACTGGGTT-3’
CXCL10:
F: 5’-AGTGGCATTCAAGTGCTACAA-3’
R: 5’-TGCATCGATTTTGCTCCCCT-3’
β-actin:
F: 5’-CCTTCCAGCAGATGTGGATCA-3’
R: 5’-AACGCAGCTCAGTAACAGTCC-3’

2.5 Western blot analysis

The protein expression of NrCAM was analyzed 
by using Western blot analysis. Cells were rinsed 
in phosphate buffer, and then dissociated by using 
RIPA lysis buffer. Protein lysates were generated 
after centrifugation for 20 min at 12,000 × g. The 
concentrations of protein extracts were deter
mined using the Bradford method (Bio-Rad). The 
equal amount of protein was electrophoresed on

Table 1. Comparison of clinical characteristics between the GD 
and the healthy control (HC) groups.

HC (n = 30) GD patients (n = 30) p

TSH [lU/mL] 1.67 (1.48–2.45) 0.89 (0.61–2.13) p < 0.001
FT4 [pmol/L] 14.79 (14.02–16.28) 18.72 (16.30–20.63) p < 0.05
FT3 [pmol/L] 4.53 (4.73–5.41) 6.17 (5.48–6.78) p < 0.05
TRAb [IU/L] 0.16 (0.11–0.29) 9.07 (5.00–15.25) p < 0.001

Data are presented as medians followed by interquartile ranges given 
in brackets. 
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SDS-PAGE, and then transferred to polyvinylidene 
difluoride (PVDF) membranes (Millipore). PVDF 
membranes were blocked in 5% non-fat milk for at 
room temperature, and then incubated with pri
mary antibody (anti-NrCAM, 1:10000, Abcam) 
overnight at 4°C. Next, all membranes were incu
bated with horseradish peroxidase (HRP)-labeled 
secondary antibody at room temperature for 1 h. 
Immunoblots were visualized by Enhanced 
Chemiluminescence Kit (Beyotime) according to 
the manufacturer’s instructions, and then recorded 
the chemiluminescent signals of protein bands. β- 
actin was used as an internal control.

2.6 Luciferase reporter assay

The CD4+ T cells and HEK293T cells were seeded 
in 12-well plates and co-transfected with pc-p53, 
pc-p53&sh-RUNX1-IT1, pc-RUNX1-IT1&sh-p53, 
and the pGL4 luciferase vector (Promega, E4481) 
fused with the NrCAM promoter. After transfec
tion for 48 h, the firefly luciferase activities in each 
well were calculated by a Firefly Luciferase 
Reporter Gene Assay Kit (Beyotime) following 
the manufacturer’s instructions.

2.7 RNA binding protein immunoprecipitation 
assay and RNA pull down assay

The RNA binding protein immunoprecipitation 
(RIP) assay was performed by the use of 
a Millipore EZ-Magna RIP RNA-Binding Protein 
Immunoprecipitation kit (Millipore) in line with 
the manufacturer’s recommendations. The obtained 
CD4+ T cells were incubated in RIP buffer for 
30 min. Then they were incubated with magnetic 
beads conjugated to the p53 antibody (Millipore) at 
4°C for 6 h. Finally, the level of RUNX1-IT1 in the 
coprecipitation was detected through qRT-PCR.

An RNA pull-down assay was performed using 
the Pierce Magnetic RNA-Protein Pull-Down Kit 
(ThermoFisher) according to the manufacturer’s 
instructions. After the biotinylated RUNX1-IT1 
was transfected into CD4+ T cells, the cells were 
lyzed with lysis buffer at room temperature and 
incubated with biotinylated probes. The cell lysates 
were then mixed with streptavidin agarose beads 
(Sigma) overnight. Finally, the RNA-protein 

mixture was boiled in the SDS buffer for 10 min, 
and the protein level of p53 in the RUNX1-IT1 
pull-down complex was analyzed by Western 
blotting.

2.8 Chromatin immunoprecipitation assay

Chromatin immunoprecipitation (ChIP) assay was 
performed using the EZ-Magna ChIP Chromatin 
Immunoprecipitation Kit (Millipore) according to 
the manufacturer’s instructions. CD4+ T cells in 
the immunoprecipitation reaction were treated 
with 1% formaldehyde at room temperature for 
10 min, and crosslinking was stopped by using 
PBS solution. Immunoprecipitation was per
formed by incubating with antibodies against p53 
(Merck) or immunoglobulin G (IgG) and Histone 
H3, and Dynabeads Protein A/G magnetic beads 
overnight. Co-precipitated DNA was quantified 
using the Qiagen PCR Cleanup Kit.

2.9 Enzyme-linked immunosorbent assay (ELISA)

ELISA was performed to detect the levels of tran
scriptional regulator T-bet and CXC chemokine 
ligand 10 (CXCL10) by a commercially available 
ELISA kit from Enzyme-linked Biotechnology Co., 
Ltd. (Shanghai, China) according to the manufac
turer’s recommendations. In short, an eight-point 
calibration curve was established using the stan
dard solution. The absorbance of each sample was 
measured at 450 nm with an ELISA plate reader, 
and then the data was plotted on the calibration 
curve.

2.10 Flow cytometry analysis

Peripheral blood mononuclear cells were isolated, 
and then blocked by Fc receptors before staining 
with a specific antibody. The PE-conjugated anti- 
CD4 antibody (BOSTER, China) was used for sur
face staining, and PE-IFN-γ (eBioscience, USA) 
was used for intracellular staining according to 
the manufacturer’s instructions. Flow cytometry 
was performed using a FACS Calibur analyzer 
(BD, USA), and data analysis was performed 
using CellQuest software.
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2.11 Statistical analysis

SPSS 20.0 system software was used for statistical 
analysis that collected from at least three indepen
dent experiments. The measurement data were 
represented as mean ± standard deviation (SD). 
Student’s t-test was used to analyze the difference 
between the two groups, and Pearson correlation 
analysis was used for the correlation between the 
two measurement data. P < 0.05 was considered to 
be significantly different.

3 Results

3.1 The expression difference of related lncRNAs 
and NrCAM in CD4+ T cells before and after GD 
onset

In order to accurately explore the role of GD- 
related lncRNAs, we selected GSM2700240 RA1, 
GSM2700241 RA2, GSM2700242 RA3, 
GSM2700243 HC1, GSM2700244 HC2 and 
GSM2700245 HC3 from RA chip dataset 
GSE101193 for bioinformatics analysis. Taking 
adj.p < 0.05 and |logFC| ≥ 1 as screening condi
tions, we selected five lncRNAs, which are lncRNA 
RUNX1-IT1, lncRNA KC6, lncRNA AC000061.1, 
lncRNA RP11-109K15 and lncRNA PRKG1-AS1, 
respectively. Next, we used clinical samples for 
verification. After collecting peripheral blood 
from healthy people (HC, 30 cases) and GD 
patients (GD, 30 cases), we used immunomagnetic 
beads to isolate CD4+ T cells. QRT-PCR was used 
to detect the levels of the above five lncRNAs in 
CD4+ T cells, and it was found that lncRNA 
RUNX1-IT1 was most significantly up-regulated 
in the GD group compared with the HC group 
(Figure 1(a), ***P < 0.001).

Based on the results of clinical sample valida
tion, we selected the samples with up-regulated 
RUNX1-IT1 level for the next study. As shown 
in Figure 1(b,c), qRT-PCR detection indicated 
that the mRNA level of NrCAM in CD4+ T cells 
of GD group was up-regulated compared with that 
of HC group (**P < 0.01), and Western blot 
showed that the protein level of NrCAM was also 
promoted. Furthermore, correlation analysis 
showed that the expressions of RUNX1-IT1 and 
NrCAM were correlated in CD4+ T cells 
(Figure 1(d)). In supplementary Figure S1, we 

studied the correlation between RUNX1-IT1 and 
NRCAM and FT4, TSH and TRAb. The results 
showed that RUNX1-IT1-IT1 and NRCAM were 
positively correlated with FT3, FT4 and TRAb 
levels, but negatively correlated with TSH levels. 
Based on the above results, we found that the 
expressions of RUNX1-IT1 and NrCAM in CD4+ 

T cells were indeed significantly up-regulated in 
GD patients, indicating that they were key factors 
for the occurrence and development of GD.

3.2 Interference with RUNX1-IT1 in CD4+ T cells 
affects NrCAM expression

We first used CD4+ T cells derived from healthy 
people to construct overexpressed plasmids and 
lentivirus-interfering plasmids of NrCAM, which 
were divided into pc-NC group, pc-NRCAM 
group, sh-NC group and sh-NRCAM group, 
respectively. QRT-PCR analysis at mRNA level 
presented that NrCAM was up-regulated in 
CD4+ T cells after the overexpression of NrCAM, 
along with the increased NrCAM level by Western 
blot assay; while the level of RUNX1-IT1 did not 
change (Figure 2(a,b), ***P < 0.001). In addition, 
NrCAM level was down-regulated after transfec
tion of sh-NrCAM in CD4+ T cells, along with the 
decreased NrCAM by Western blot assay; while 
RUNX1-IT1 level did not change (Figure 2(a,b), 
##P < 0.01).

Next, we constructed the overexpressed plas
mids and lentivirus-interfering plasmids of 
RUNX1-IT1 using CD4+ T cells from healthy peo
ple which were divided into pc-NC group, pc- 
RUNX1-IT1 group, sh-NC group and sh-RUNX1- 
IT1 group, respectively. When compared with pc- 
NC group, the levels of NrCAM and RUNX1-IT1 
in CD4+ T cells transfected with pc-NRCAM were 
significantly increased by qRT-PCR (Figure 2(c), 
***P < 0.001). Furthermore, the levels of NrCAM 
and RUNX1-IT1 in CD4+ T cells were down- 
regulated after transfection with sh-RUNX1-IT1 
compared with the sh-NC group (Figure 2(c), 
##P < 0.01, ###P < 0.001). The variation trend of 
NrCAM protein level was consistent with its 
mRNA level (Figure 2(d)). These results suggested 
that lncRNA RUNX1-IT1 could affect the expres
sion of NrCAM in CD4+ T cells.
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3.3 Mechanism of RUNX1-IT1 regulating NrCAM

How does RUNX1-IT1 regulate NrCAM? Based 
on the consistency of their variation trends, we 
hypothesized that RUNX1-IT1 participated in the 
transcription of NrCAM as a component of the 
NrCAM transcription complex, thus regulating 
NrCAM. We used the online site ALGGEN to 
predict the potential transcription factor of 
NrCAM, and found that p53 was highly likely to 
bind to NrCAM (Figure 3(a)). We first transfected 
293 T cells with pc-p53, and found that the over
expression of p53 could promote the promoter 
activity of NrCAM by Luciferase reporter assay, 
and knockdown of RUNX1-IT1 reversed this effect 
after transfection with sh-RUNX1-IT1 
(Figure 3(b), *P < 0.05, #P < 0.05). As shown in 

Figure 3(c), overexpression of RUNX1-IT1 in 
293 T cells increased NrCAM promoter activity 
(*P < 0.05), while knockdown of p53 reversed 
this effect (#P < 0.05), and the same changes 
occurred in CD4+ T cells (Figure 3(d), *P < 0.05, 
#P < 0.05). Next, p53 was knocked down in CD4+ 

T cells, and the mRNA level of NrCAM was down- 
regulated (Figure 3(e), **P < 0.01). The above 
results indicated that RUNX1-IT1 and transcrip
tion factor p53 could influence the transcription 
process of NrCAM.

Next, we performed RNA pull down and RIP 
experiments to verify the correlation between 
p53 and RUNX1-IT1. Western blot analysis pre
sented that the expression of p53 was detected in 
the RUNX1-IT1 pulled down complex

Figure 1. The expression difference of related lncRNAs and NrCAM in CD4 + T cells before and after GD onset. (a). After collecting 
peripheral blood from healthy people (HC, 30 cases) and GD patients (GD, 30 cases), immunomagnetic beads were used to select 
CD4+ T cells. QRT-PCR was used to detect the levels of lncRNAs in CD4+ T cells. *P < 0.05, ***P < 0.001 vs. HC group. QRT-PCR (b) and 
Western blot (c) detections were used to detect the level of NrCAM. **P < 0.01 vs. HC group. (d) Correlation analysis of RUNX1-IT1 
and NrCAM in HC group (n = 30) and GD patients (n = 30).

926 F.-J. HUANG ET AL.



(Figure 3(f)), while the RIP assay showed that 
RUNX1-IT1 enriched in the immunoprecipita
tion of p53 (Figure 3(g)), indicating that there 
was an interaction between p53 and RUNX1- 
IT1. In addition, p53 could significantly bind 
NrCAM compared with negative control IgG 
by ChIP assay, and Histone H3 was used as 
a positive control. (Figure 3(h), ***P < 0.001), 
indicating that p53 could also interact with 
NrCAM. Moreover, ChIP assaywas performed 
using anti-p53, and the results showed that 
NrCAM level was up-regulated after the over
expression of RUNX1-IT1 in CD4+ T cells 
(Figure 3(i), *P < 0.05). These results suggested 
that RUNX1-IT1 could influence the transcrip
tion process of NrCAM by targeting p53.

3.4 Effects of RUNX1-IT1 and NrCAM on Th1 
differentiation markers

Studies have shown that the Th2 type immu
nity is targeted mainly at the later stage of GD 
treatment, the Th1 immune response is gener
ally present at the beginning of GD’s active 
phase and during its recurrence [18]. Since 
the GD patients in this study were not treated 
after initial diagnosis, we tested the Th1 differ
entiation markers. In order to detect the influ
ence of RUNX1-IT1 and NrCAM on Th1 
differentiation, we first used magnetic beads 
to isolate CD4+ T cells from human peripheral 
blood, and then transfected with pc-NC, pc- 
NrCAM, sh-NC, and sh-NrCAM plasmids. As 
is presented in Figure 4(a,b), qRT-PCR and 
ELISA assays showed that overexpression of

Figure 2. Interference with RUNX1-IT1 in CD4 + T cells affects NrCAM expression. (a-b) CD4+ T cells derived from healthy people 
were constructed overexpressed plasmids and lentivirus-interfering plasmids of NrCAM, which were divided into pc-NC group, pc- 
NRCAM group, sh-NC group and sh-NRCAM group, respectively. QRT-PCR (a) and Western blot (b) were used to detect the level of 
RUNX1-IT1 or NrCAM. ***P < 0.001 vs. pc-NC group, ##P < 0.01 vs. sh-NC group. (c-d) The overexpressed plasmids and lentivirus- 
interfering plasmids of RUNX1-IT1 were constructed in CD4+ T cells from healthy people, which were divided into pc-NC group, pc- 
RUNX1-IT1 group, sh-NC group and sh-RUNX1-IT1 group, respectively. QRT-PCR (c) and Western blot (d) were used to detect the 
level of RUNX1-IT1 or NrCAM. ***P < 0.001 vs. pc-NC group, ##P < 0.01, ###P < 0.001 vs. sh-NC group.
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NrCAM could improve the levels of transcrip
tional regulator T-bet and CXC chemokine 
ligand 10 (CXCL10), while interference with 
NrCAM could down-regulate the mRNA levels 
of T-bet and CXCL10 and protein level of 
CXCL10. Furthermore, CD4+ T cells were 
transfected with pc-NC, pc-RUNX1-IT1, sh- 
NC, and sh-RUNX1-IT1 plasmids. When com
pared with pc-NC group, T-bet and CXCL10 

levels were improved in CD4+ T cells trans
fected with pc-RUNX1-IT1 (Figure 4(c,d), 
**P < 0.01, ***P < 0.001). On the contrary, 
down-regulation of RUNX1-IT1 could reduce 
the mRNA levels of T-bet and CXCL10 by 
qRT-PCR and CXCL10 protein level by ELISA 
assay (Figure 4(c,d), #P < 0.05, ##P < 0.01). 
The above results indicated that RUNX1-IT1 
and NrCAM could influence the process of

Figure 3. Mechanism of RUNX1-IT1 regulating NrCAM. (a) The potential transcription factors of lNrCAM were predicted. (b) The 
promoter activity of NrCAM was detected by Luciferase reporter assay in 293 T cells after the overexpression of p53 and knockdown 
of RUNX1-IT1. *P < 0.05 vs. pc-NC group, #P < 0.05 vs. pc-p53&sh-NC group. (c) The promoter activity of NrCAM was detected by 
Luciferase reporter assay in 293 T cells after the overexpression of RUNX1-IT1 and knockdown of p53. (d) The promoter activity of 
NrCAM was detected by Luciferase reporter assay in CD4+ T cells. *P < 0.05 vs. pc-NC group, #P < 0.05 vs. pc-RUNX1-IT1&sh-NC 
group. (e) QRT-PCR was used to detect the level of NrCAM. RNA pull down (f) and RIP (g) experiments were performed to verify the 
correlation between p53 and RUNX1-IT1. ***P < 0.001 vs. IgG. (h) The interaction between p53 and NrCAM was detected by ChIP 
assay. Negative control: IgG, positive control: H3. (i) The interaction between p53 and NrCAM after the overexpression of RUNX1-IT1 
in CD4+ T cells was detected by ChIP assay. *P < 0.05 vs. pc-NC group.
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Th1 differentiation, thus affecting the develop
ment of GD.

3.5 RUNX1-IT1 influences Th1 differentiation of 
CD4+ T cells by regulating NrCAM transcription

CD4+ T cells were transfected with NrCAM over
expression plasmid, and then transfected with 
RUNX1-IT1 lentivirus-interfering plasmid, which 

were divided into pc-NC group, pc-NrCAM 
group, pc-NrCAM&sh-NC group and pc- 
NrCAM&sh-RUNX1-IT1 group. As is presented 
in Figure 5(a), the level of NrCAM was signifi
cantly increased in the pc-NrCAM group when 
comparing with the level in the pc-NC group 
(**P < 0.01), and then decreased after transfection 
with sh-RUNX1-IT1 (###P < 0.001). The mRNA 
levels of T-bet and CXCL10 and protein

Figure 4. Effects of RUNX1-IT1 and NrCAM on Th1 differentiation markers. (a-b) CD4+ T cells were isolated from human peripheral 
blood, and then transfected with pc-NC, pc-NrCAM, sh-NC, and sh-NrCAM plasmids. QPCR (a) and ELISA (b) assays detected the level 
of NrCAM. (c-d) CD4+ T cells were transfected with pc-NC, pc-RUNX1-IT1, sh-NC, and sh-RUNX1-IT1 plasmids. The mRNA levels of 
T-bet and CXCL10 were detected by qRT-PCR (c) and protein level of CXCL10 were detected by ELISA assays (d). *P < 0.05, **P < 0.01, 
***P < 0.001 vs. pc-NC group, #P < 0.05, ##P < 0.01, ###P < 0.001 vs. sh-NC group.
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Figure 5. RUNX1-IT1 influences Th1 differentiation of CD4+ T cells by regulating NrCAM transcription. CD4+ T cells were transfected 
with NrCAM overexpression plasmid, and then transfected with RUNX1-IT1 lentivirus-interfering plasmid, which were divided into pc- 
NC group, pc-NrCAM group, and pc-NrCAM&sh-RUNX1-IT1 group. (a) QRT-PCR was used to detect the levels of NrCAM and RUNX1- 
IT1. (b) QRT-PCR was used to detect the levels of T-bet and CXCL10. (c) ELISA assay was used to detect CXCL10 level. (d) Flow 
cytometry assay was used to detect the percentage of IFN-γ. *P < 0.05, **P < 0.01, ***P < 0.001 vs. pc-NC group, #P < 0.05, 
##P < 0.01, ###P < 0.001 vs. pc-NrCAM&sh-NC group. CD4+ T cells were divided into pc-NC group, pc-RUNX1-IT1 group, pc-RUNX1- 
IT1&sh-NC group and pc-RUNX1-IT1&sh-NRCAM group. (e) QRT-PCR was used to detect the levels of NrCAM and RUNX1-IT1. (f) QRT- 
PCR was used to detect the levels of T-bet and CXCL10. (g) ELISA assay was used to detect CXCL10 level. (h) Flow cytometry assay 
was used to detect the percentage of IFN-γ. *p < 0.05 vs pc-NC, #p < 0.05 vs pc-RUNX-IT1&sh-NC.
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production of CXCL10 were highly expressed in 
the pc-NrCAM group than those in the control 
group, and then drastically decreased after trans
fection with sh-RUNX1-IT1 (Figure 5(b,c), 
**P < 0.01, ###P < 0.001). Flow cytometry assay 
was used to detect the percentage of interferon γ 
(IFN-γ), which was used to characterize the pro
portion of Th1 cells. The results showed that the 
percentage of IFN-γ in the pc-NRCAM group was 
greatly higher than that in the control group, but 
the percentage of IFN-γ decreased after the knock
down of RUNX-IT1 (Figure 5(d), *P < 0.05, 
#P < 0.05). Next, CD4+ T cells were divided into 
pc-NC group, pc-RUNX1-IT1 group, pc-RUNX1- 
IT1&sh-NC group and pc-RUNX1-IT1&sh- 
NRCAM group. It was found that overexpressing 
RUNX-IT1 could promote Th1 differentiation, 
and then knock down of NrCAM would lead to 
the inhibition of Th1 differentiation (Figure 5 
(e-h), *p < 0.05 vs pc-NC, #p < 0.05 vs pc-RUNX- 
IT1&sh-NC). The above results suggested that 
RUNX1-IT1 influences Th1 differentiation of 
CD4+ T cells by regulating NrCAM transcription.

4 Discussion

A large amount of evidence indicates that 
lncRNAs play a crucial role in immune regulation 
and autoimmunity. LncRNAs can be expressed in 
T lymphocytes, B lymphocytes, macrophages, den
dritic cells (DC) and natural killer (NK) cells, thus 
participating in the differentiation and activation 
of immune cells [19]. In order to accurately 
explore the role of GD-related lncRNAs, we per
formed bioinformatics analysis, and then selected 
five lncRNAs. Next, we used clinical samples for 
verification, and found that lncRNA RUNX1-IT1 
was most significantly up-regulated in the GD 
group compared with the HC group. At present, 
there are very few studies on lncRNA RUNX1-IT1, 
and most of them focus on its role in cancer, such 
as hepatocellular carcinoma [20,21], ovarian can
cer [22], colorectal cancer [23] and pancreatic 
cancer [24]. Only one study focused on Large 
Artery Atherosclerosis (LAA) [25]. In this study, 
we the first demonstrated the role of RUNX1-IT1 
in the immune regulation of GD.

NrCAM is expressed in a variety of tissues 
throughout the body. Our previous verification 
with clinical samples found that NrCAM expres
sion was dramatically up-regulated in CD4+ 

T cells of GD patients, and was significantly posi
tively correlated with RUNX1-IT1 expression. p53 
is generally considered to be a tumor suppressor 
gene because its encoding protein, p53, is 
involved in cell cycle arrest and apoptosis [26]. 
Apoptosis not only inhibits the growth of tumor, 
but also regulates T cells and B cells immune 
responses by removing both autoreactive and 
non-reactive immune elements [27]. p53 is gen
erally expressed to varying degrees in various 
cancer cells, but is also found in non-cancerous 
thyroid tissues. Furthermore, it has been reported 
that p53 in thyroid cells was closely related the 
treatment of GD and other autoimmune diseases 
[28]. Based on the consistency of variation trends 
of RUNX1-IT1 and NrCAM, we hypothesized 
that RUNX1-IT1 participated in the transcription 
of NrCAM as a component of the NrCAM tran
scription complex, thus regulating NrCAM. We 
predicted that p53 was highly likely to be the 
potential transcription factor of NrCAM. Our 
results found that p53 could interact with 
NrCAM, and NrCAM level was up-regulated 
after the overexpression of p53 in CD4+ T cells, 
while knockdown of RUNX1-IT1 reversed this 
effect. These results suggested that RUNX1-IT1 
could influence the transcription process of 
NrCAM by targeting p53.

As a pathological feature of GD, intrathyroidal 
lymphocyte infiltration usually consists of T cells 
and B cells, suggesting that it is involved in the 
pathogenesis of both cell-mediated and humoral 
immunity diseases [29]. Th1 cells, are produced by 
the differentiation of CD4+ T cells induced by 
interleukin-12 (IL-12), interferon-γ (IFN-γ), inter
leukin-2 (IL-2), and transcription factor T-bet, 
mainly secrete cytokines such as IL-1, IL-2, IFN- 
γ, and transforming growth factor-β (TGF-β). Th1 
cells can activate the immune response in conjunc
tion with macrophages and other T lymphocytes 
[30,31]. Eshaghkhani et al. [4] found that the 
mRNA levels of T-bet and IFN-γ in GD patients 
were significantly higher than those in healthy 
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controls, while the mRNA levels of GATA-binding 
protein 3 (GATA3) and interleukin-4 (IL-4) were 
decreased. These results suggested that there was 
Th1/Th2 imbalance in GD patients, which might 
be related to the pathogenesis of the disease. In 
this study, we found that knockdown of NrCAM 
and RUNX1-IT1 could down-regulate the mRNA 
and protein levels of T-bet and CXCL10 in CD4+ 

T cells. The above results indicated that RUNX1- 
IT1 and NrCAM could influence the process of 
Th1 differentiation, thus affecting the development 
of GD.

Based on the above theoretical basis and the 
early stage of the work, we propose a scientific 
hypothesis that RUNX1-IT1 regulates the expres
sions of the important Th1 factor T-bet, CXCL10, 
and IFN-γ by regulating NrCAM transcription, 
thus affecting the function of CD4+ T cells, and 
participating in the occurrence and development 
of specific autoimmune disease GD.
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